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VIRAL VECTORS ENCODING GLP-2 RECEPTOR AGONIST FUSIONS AND USES
THEREOF IN TREATING SHORT BOWEL SYNDROME

REFERENGCE TO AN ELECTRONIC SEQUENCE LISTING
The contents of the electronic sequence listing (22-10018PCT_Seq-Listing.xml; Size:
161 kb; and Date of Creation: March 3, 2023) is herein incorporated by reference in its

entirety.

BACKGROUND OF THE INVENTION

Short bowel syndrome (SBS) is a rare organ failure caused by surgical resection of
bowel due to congenital or acquired reasons. SBS is a major cause of intestinal failure (IF),
the persistent reduction of gut function below the minimum necessary for the absorption of
macro nutrients and/or water and electrolytes. Standard treatment of SBS/IF includes lifelong
daily parenteral nutrition (PN), an intravenous infusion of special form of foods, to support
daily required nutrient for patients. In addition to the burden and risk associated to
conducting daily PN, PN causes complications including infection, gut hypoplasia, liver
diseases, renal dysfunction, and bone diseases leading sever negative impact of the quality of
life of SBS patients. Medications used for SBS had been those to treat only symptoms
associated with SBS/IF until Teduglutide, a Glucagon-like peptide-2 (GLP-2) agonist, was
developed and approved by FDA and EMA.

GLP-2 is a 33 amino acid intestine peptide hormone which has a potent
intestinotrophic effect. GLP-2 indeed increases the length of small intestine and villi length of
the intestinal epithelium leading to effective absorption of nutrient even with shorter remnant
bowel of SBS patients and reduction of PN volume and numbers. However, native GLP-2
cannot be used as an effective injectable with its very short serum half-life due to the
cleavage by DPP IV. DPP I'V-resistant long acting GLP-2 agonists, including fusions with
IgG Fe domain and serum albumin, have been developed as disease modifying agents for
SBS. Teduglutide is a GLP-2 like peptide with the A2G mutation for DPP IV resistance, that
extends serum half-life from 5 min to 1.5 hours. Daily 0.05 mg/kg subcutaneous Teduglutide
injections results in sustained and continuous reduction of PN volume throughout 2 years of

treatment. 90% of patients achieved >20% reduction of PN volume per week from the
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baseline, and 70% obtained >1 additional days PN off per week from the baseline with this
treatment with a great safety profile (Schwartz et al., 2016). Daily Teduglutide injections are
required for lifelong to maintain reduced PN volume and numbers (Compher et al., 2011).

What is needed are improved treatments for SBS.

SUMMARY OF THE INVENTION

Viral vectors encoding glucagon-like peptide 2 (GLP-2) receptor agonist fusion
protein constructs are provided herein. These viral vectors may achieve, in some
embodiments, sustained expression of the GLP-2 receptor agonist in subjects and/or
increased circulating half-life, as compared to vector-mediated delivery of a GLP-2 receptor
agonist without a fusion partner. Further provided are methods of making and using such
viral vectors.

In one aspect, a viral vector is provided which includes a nucleic acid comprising a
polynucleotide sequence encoding a fusion protein. The fusion protein includes (a) a leader
sequence comprising a secretion signal peptide, (b) a glucagon-like peptide-1 (GLP-2)
receptor agonist, and (c) a fusion domain comprising (i) an IgG Fc or a functional variant
thereol, (ii) an albumin or a [unctional variant thereol, or (iii) an XTEN polypeptide (Podust
et al, 240:52-66 (Oct 2016). In one embodiment, the vector is an adeno-associated viral
vector.

In one embodiment, the (i) the secretion signal peptide of the leader sequence
comprises a thrombin signal peptide; (ii) the leader sequence comprises a thrombin
propeptide; and/or (iii) the leader sequence comprises a thrombin leader sequence. In another
embodiment, the leader sequence comprises an IL-2 leader sequence. In one embodiment, the
GLP-fusion is selected from SEQ ID NO: 13, 15, 17, 19, 21, or 23, and functional variants
thereof.

In one embodiment, the fusion domain is a human IgG4 Fc having the sequence of
SEQ ID NO: 8, or a sequence sharing at least 90% identity therewith, or a functional variant
thereof. In another embodiment, the fusion domain is a human albumin having the sequence
of SEQ ID NO: 11, or a sequence sharing at least 90% identity therewith, or a functional

variant thereol. In one embodiment, the fusion domain is a rhesus IgG4 Fc having the
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sequence of SEQ ID NO: 9, or a sequence sharing at least 90% identity therewith, or a
functional variant thereof.

In another aspect, the viral vector includes an AAV capsid, and a vector genome
packaged in the AAV capsid, said vector genome comprising AAV inverted terminal repeats
(ITRs), the polynucleotide sequence encoding the fusion protein, and regulatory sequences
which direct expression of the fusion protein.

In another aspect, a pharmaceutical composition suitable for use in treating short
bowel syndrome in a subject is provided. The composition includes an aqueous liquid and the
viral vector as described herein. In one embodiment, the subject is a human.

In yet another aspect, use of a viral vector as described herein is provided for the
manufacture of a medicament for treating a subject having short bowel syndrome, optionally
diabetes.

In another aspect, a method of treating a subject having short bowel syndrome is
provided. The method includes administering to the subject an effective amount of a viral
vector or composition as described herein,

Other aspects and advantages of the invention will be readily apparent from the

following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of the processing of proglucagon in vivo. The sequences of
GLP-1 (SEQ ID NO: 4) and GLP-2 (SEQ ID NO: 1) are shown.

FIG. 2 is a table showing sequences of GLP-2 and analogs.

FIG. 3A is a schematic of the GLP2.G2.Fc construct, which includes an A2G
substitution in the GLP2 amino acid sequence, a thrombin leader, and an IgG4 Fc fusion.

FIG. 3B is a schematic of the GLP2.G2.SA construct, which includes an A2G
substitution in the GLP2 amino acid sequence, a thrombin leader, and a serum albumim
fusion.

FIG. 3C is an alignment of the human (SEQ ID NO: 1), cyno (SEQ ID NO: 5), and
mouse (SEQ ID NO: 6) GLP2 sequences.

FIG. 4A shows an elution profile of hGLP2-SA protein using albupure column

purification.
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FIG. 4B shows a gel with stained hGLP2-SA protein from FIG. 4A.

FIG. 5A shows hGLP2-SA levels in RagKO mice dosed intramuscularly with
AAVrh91.CLhGLP2.G2.SA.rBG at 1ell gc/mouse.

FIG. 5B are two graphs showing small intestine length and weight for vehicle and
vector treated mice as described in FIG. SA.

FIG. 5C shows intestine histology for vehicle and vector treated mice as described in
FIG. SA. Vector treated mice intestine show healthier villi as compared to vehicle treated
mice.

FIG. 6A shows hGLP2-SA and hGLP2-Fc levels in mice treated with
AAVTh91.CLhGLP2.G2.SA.tBG or AAVrh91.CLhGLP2.G2.Fc.rBG at a dosage of 1ell
gc/mouse. GLP-2 levels for the Fc construct were higher after about study day 7.

FIG. 6B shows a potency assay for hGLP2 and hGLP2.Fc. EC50 was determined to
be 0.4nM for hGLP2 while EC=13.6nM for the fusion protein.

FIG. 7 shows the study design for an experiment as described in Example 4.

FIGs. 8A-8C show the results of the experiment as described in Example 4. 2 NHPs
were administered AAVrh91.CB7.CLhGLP-2-Fc.rBG via intramuscular injection (IM) at a
dose of 1 x 10'* (1e13) GC/kg (E185NG) and a of dose 5 x 10 (1e10) GC/kg (BM239H).
FIG. 8A shows plasma level of GLP-2-Fc fusion protein. FIG. 8B shows serum citrulline, a
biomarker of gut surface area. FIG. 8C shows detection of anti-GLP-2-Fc antibody in NHP
serum at 1:100 dilution.

FIGs. 9A-9F show the results of the experiment as described in Example 5. Rag1 KO
female mice were treated with an injection of the vector AAVrh91.CB7.CLhGLP-2-Fc.rBG
at a dosage of 1 x 10'® GC/ mouse, 3 x 10'° GC/ mouse, or 1 x 10!! GC/ mouse via IM route
of administration. The study design is shown in FIG. 9A. FIG. 9B shows serum GLP2 levels,
FIG. 9C shows body weights over time. FIG. 9D shows body weights at day 56. FIG. 9E
shows small intestine (SI) length, while FIG. 9F shows SI weight.

DETAILED DESCRIPTION OF THE INVENTION

Described herein are adeno-associated viral (AAV) vectors expressing GLP-2
agonists to treat SBS/IF patients with a single intramuscular vector administration. Transgene
GLP-2 agonists include the A2G mutation for DPP IV resistance and fusions with human IgG

Fc domain or serum albumin for further extended serum half-life. In combination with these
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half-life extension technologies, the addition of a thrombin propeptide enables expression of
GLP-2 agonists above the therapeutic level with remarkably lower vector doses (i.e., 1e10 to
1e12 GC/kg). Described herein are expression cassettes to express these proteins
constitutively or in a controlled manner via administration of a small molecule drug that
activates transcription of the GLP-2 agonist sequence.

Delivery of these constructs to subjects in need thereof via a number of routes, and
particularly by expression in vivo mediated by a recombinant vector such as arAAYV vector,
is described. Also provided are methods of using these constructs in regimens for treating
short bowel syndrome in a subject in need thereof and increasing the half-life of GLP-2 in a

subject. In addition, methods are provided for enhancing the activity of GLP-2 in a subject.

GLP-2 Fusion Proteins

Post-translational processing of proglucagon generates glucagon-like peptide-2 (GLP-
2), a 33-amino acid intestinotrophic peptide hormone, together with GLP-1. GLP-2 acts to
slow gastric emptying, reduce gastric secretions and increase intestinal blood flow. GLP-2
also stimulates growth of the large and small intestine at least by enhancing crypt cell
proliferation and villus length so as to increase the surface area of the mucosal epithelium.
These effects suggest that GLP-2 can be used to treat a wide variety of gastrointestinal
conditions. However, administering GLP-2 by itself to human patients has not shown
promise. GLP-2 has a short half-life that limits its use as a therapeutic because rapid in vivo
cleavage of GLP-2 by dipeptidyl peptidase IV (DPP-1V) yields an essentially inactive
peptide. The amino acid sequence of human GLP-2 is
HADGSFSDEMNTILDNLAARDFINWLIQTKITD (SEQ ID NO: 1).

As discussed above, a GLP-2 analog, named teduglutide has been developed, in
which amino acid residue 2 (alanine) has been substituted with glycine. The sequence of this
GLP-2 analog is shown in SEQ ID NO: 2
HGDGSFSDEMNTILDNLAARDFINWLIQTKITD.

The disclosure provides fusion proteins comprising one or more copies of a GLP-2
receptor agonist, as well as polynucleotides and vectors encoding such fusion proteins. In
some embodiments, the fusion protein comprises a polynucleotide sequence encoding a

fusion protein comprising {a) a leader sequence comprising a secretion signal peptide, (b) a
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glucagon-like peptide-2 (GLP-2) receptor agonist, and (c) a fusion domain. In one
embodiment, the GLP-2 receptor agonist comprises a thrombin leader sequence, a GLP-2
receptor agonist, and an IgG F¢ or functional variant thereof. In another embodiment, the
fusion protein comprises a thrombin leader, a GLP-2 receptor agonist, and an albumin or
functional variant thereof. In another embodiment, the fusion protein comprises a thrombin
leader, two copies of a GLP-2 receptor agonist, and an albumin or functional variant thereof.
In some embodiments, GLP-2 receptor agonists include variants which may include
up to about 10% variation from a GLP-2 nucleic acid or amino acid sequence described
herein or known in the art, which retain the function of the wild-type sequence. As used
herein, by “retain function™ it is meant that the nucleic acid or amino acid functions in the
same way as the wild-type sequence, although not necessarily at the same level of expression
or activity. For example, in one embodiment, a functional variant has increased expression or
activity as compared to the wild-type sequence. In another embodiment, the functional
variant has decreased expression or activity as compared to the wild-type sequence. In one
embodiment, the functional variant has 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or
greater increase or decrease in expression or activity as compared to the wild-type sequence.
Other GLP-2 analogs have been developed and include glepaglutide (SEQ ID NO: 3),

apraglutide, and others shown below, and in FIG. 2.

20

25

Drag Type Company Stage T1/2 {hi ECSD {/GLP2}  Comments
Teduglutide Faptide Shire Approved L4 1
Glepaglutide Peptide Zeatand 2 50 é
Apraglutide Paptide Ferring £3 20 4.5
HA15912 Fe Baston Hanm 82 ? G
GX-GE Fr fgskon Genexine 2]
TAX-BR1 Fe fusdon Takeda (3hiee} 21 1M &
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NB-100% ATEN fustor AR Bre oy 108

The fusion comprises, in one embodiment, a GLP-2 analog in combination with
heterologous sequences. By GLP-2 analog is meant a polypeptide sharing at least 90%, 95%,
97%, 98%, 99% or 100% identity with native human GLP-2 (SEQ ID NO: 1) or GLP-2-A2G
(SEQ ID NO: 2). In one embodiment, the GLP-2 analog has at most 1, 2, or 3 amino acid
substitutions as compared to the native sequence. In another embodiment, the GLP-2
sequence is derived from a species other than human. For example, the GLP-2 may be from a

non-human primate, dog, cat, mouse, rat, sheep, cow, horse, etc. In some embodiments, it is

SUBSTITUTE SHEET (RULE 26)
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desirable to alter the native GLP-2 sequence to optimize one or more features thereof. In
certain embodiments, the GLP-2 has a sequence which amino acid residue 2 (alanine) has
been substituted with glycine, e.g., SEQ ID NO: 2. For example, in other embodiments, the
GLP-2 analog contains one, two, three, 4, 5, 6, 7, 8 or up to 9 amino acid substitutions
selected from A2G, D3E, S5T, D8S, M10L, N11A, N16A, N24A, Q28A as compared to the
native sequence. These substitutions have been shown to improve efficacy of the clinical
profile of GLP-2, including protection from DPP-4 inactivation (A2G). In one embodiment,
the GLP-2 analog is a DPP-IV resistant variant of GLP-2. In one embodiment, the GLP-2
analog has a sequence comprising, or consisting of, SEQ ID NO: 2. In one embodiment, the
variant shares at least 90% identity, 95% identity, 97% identity, 98% identity, 99% identity or
100% identity with SEQ ID NO: 2.

The fusion protein may comprise a leader sequence, which may comprise a secretion
signal peptide. As used herein, the term “leader sequence” refers to any N-terminal sequence
of a polypeptide.

The leader sequence may be derived from the same species for which administration
is ultimately intended, e.g., a human. As used herein, the terms “derived” or “derived from”
mean the sequence or protein is sourced from a specific subject species or shares the same
sequence as a protein or sequence sourced from a specific subject species. For example, a
leader sequence which is “derived from™ a human, shares the same sequence (or a variant
thereof, as defined herein) as the same leader sequence as expressed in a human. However,
the specified nucleic acid or amino acid need not actually be sourced from a human. Various
techniques are known in the art which are able to produce a desired sequence, including
mutagenesis of a similar protein (e.g., a homolog) or artificial production of a nucleic acid or
amino acid sequence. The “derived” nucleic acid or amino acid retains the function of the
same nucleic acid or amino acid in the species from which it is “derived”, regardless of actual
source of the derived sequence.

The term “amino acid substitution” and its synonyms are intended to encompass
modification of an amino acid sequence by replacement of an amino acid with another,
substituting, amino acid. The substitution may be a conservative substitution. It may also be a
non-conservative substitution. The term conservative, in referring to two amino acids, is

intended to mean that the amino acids share a common property recognized by one of skill in
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the art. For example, amino acids having hydrophobic nonacidic side chains, amino acids
having hydrophobic acidic side chains, amino acids having hydrophilic nonacidic side chains,
amino acids having hydrophilic acidic side chains, and amino acids having hydrophilic basic
side chains. Common properties may also be amino acids having hydrophobic side chains,
amino acids having aliphatic hydrophobic side chains, amino acids having aromatic
hydrophobic side chains, amino acids with polar neutral side chains, amino acids with
electrically charged side chains, amino acids with electrically charged acidic side chains, and
amino acids with electrically charged basic side chains. Both naturally occurring and non-
naturally occurring amino acids are known in the art and may be used as substituting amino
acids in embodiments. Methods for replacing an amino acid are well known to the skilled in
the art and include, but are not limited to, mutations of the nucleotide sequence encoding the
amino acid sequence. Reference to “one or more” herein is intended to encompass the
individual embodiments of, for example, 1, 2, 3, 4, 5, 6, or more.

In one embodiment, the leader is a human thrombin (Factor II) sequence. In one
embodiment, the thrombin leader has the sequence shown in SEQ ID NO: 7:
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRR, or a functional
variant thereof having at most 1, 2, or 3 amino acid substitutions.

In one embodiment, functional variants of the desired leader include variants which
may include up to about 10% variation from a leader nucleic acid or amino acid sequence
described herein or known in the art, which retain the function of the wild type sequence.

In some embodiments, the coding regions for both the propeptide and GLP-2 peptide
are incorporated into a single nucleic acid sequence without a linker between the coding
sequences of the propeptide and GLP-2.

The fusion protein further includes a fusion domain. The fusion domain, in one
embodiment, is a human IgG Fc fragment or a functional variant thereof. Immunoglobulins
typically have long circulating half-lives in vivo. By fusing the GLP-2 receptor agonist (and
leader) to an IgG Fec, the circulation time of the fusion protein is prolonged, while the
function of the GLP-2 is preserved. In another embodiment, the fusion domain is a rhesus
IgG Fc fragment or functional variant thereof.

As used herein, the Fc portion of an immunoglobulin has the meaning commonly

given to the term in the field of immunology. Specifically, this term refers to an antibody
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fragment which does not contain the two antigen binding regions (the Fab fragments) from
the antibody. The Fc portion consists of the constant region of an antibody from both heavy
chains, which associate through non-covalent interactions and disulfide bonds. The Fc
portion can include the hinge regions and extend through the CH2 and CH3 domains to the c-
terminus of the antibody. The Fc portion can further include one or more glycosylation sites.
In one embodiment, the fusion domain is a human IgG Fc. The four subclasses, IgG1, [gG2,
IgG3, and Ig(G4, which are highly conserved, differ in their constant region, particularly in
their hinges and upper CH2 domains. See, Vidarsson et al, I[gG Subclasses and Allotypes:
From Structure to Effector Functions, Front Immunol. Oct. 2014; 5: 520, which is
incorporated herein by reference. The Fc domain can be derived from any human IgG,
including human IgG1, human IgG2, human IgG3, or human [gG4. In one embodiment, the
human IgG Fc is an IgG4 Fc. In one embodiment, the human IgG Fec is SEQ ID NO: 8:

AESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDP
EVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLG. In another embodiment, the human IgG Fc shares at least 90% identity, at least
95% identity, at least 99% identity, or at least 100% identity to SEQ ID NO: 8.

In another embodiment, the fusion domain is a rhesus IgG Fc. The Fc domain can be
derived from any rhesus IgG, including rhesus IgG1, rhesus IgG2, rhesus 1gG3, or rhesus
IgG4. In one embodiment, the rhesus IgG Fc is an IgG4 Fe. In one embodiment, the rhesus
IgG Feis SEQ ID NO: 9:

PPCPPCPAPE LLGGPSVFLF PPKPKDTLMI SRTPEVTCVV VDVSQEDPEV
QFNWYVDGVE VHNAQTKPRE RQFNSTYRVV SVLTVTHQDW LNGKEYTCKV
SNKGLPAPIE KTISKAKGQP REPQVYILPP PQEELTKNQV SLTCLVTGFY
PSDIAVEWES NGQPENTYKT TPPVLDSDGS YLLYSKLTVN KSRWQPGNIF
TCSVMHEALH NHYTQKSLSYV SPGK. In another embodiment, the rhesus IgG Fc shares
at least 90% identity, at least 95% identity, at least 99% identity, or at least 100% identity to
SEQ ID NO: 9. In one embodiment, the rhesus IgG further comprises a hinge sequence.

In another embodiment, the fusion domain is a human albumin or a functional variant

thereof. In one embodiment, the human albumin is
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SEQ ID NO: 10:
DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVAD
ESAENCDKSLHTLEGDKLCTVATLRETY GEMADCCAKQEPERNECFLQHKDDNPNL
PRLYRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECC
QAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFP
KAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEK
PLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEY ARR
HPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCEL
FEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAE
DYLSVVLNQLCVLHEKTPVSDRVTKCCTESLYNRRPCFSALEVDETYVPKEFNAETF
TFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADD
KETCFAEEGKKLVAASQAALGL. In another embodiment, the human albumin shares at
least 90% identity, at least 95% identity, at least 99% identity, or at least 100% identity to
SEQ ID NO: 10.

In another embodiment, the fusion domain is a rhesus albumin or a functional variant
thereof. In one embodiment, the rhesus albumin is
SEQID NO: 11:
DTHKSEVAHRFKDLGEEHFKGLVLVAFSQYLQQCPFEEHVKLVNEVTEFAKTCVAD
ESAENCDKSLHTLEGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNL
PPLVRPEVDVMCTAFHDNEATFLKKYLYEVARRHPYFYAPELLFFAARYKAAFAEC
CQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGDRAFKAWAVARLSQKF
PKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYMCENQDSISSKLKECC
DKPLLEKSHCLAEVENDEMPADLPSLAADYVESKDVCKNYAEAKDVFLGMFLYEY
ARRHPDYSVMLLLRLAKAYEATLEKCCAAADPHECYAKVFDEFQPLVEEPQNLVKQ
NCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGAKCCKLPEAKRM
PCAEDYLSVVLNRLCVLHEKTPVSEKVTKCCTESLVNRRPCFSALELDEAY VPKAFN
AETFTFHADMCTLSEKEKQVKKQTALVELVKHKPKATKEQLKGYMDNFAAFVEKC
CKADDKEACFAEEGPKFVAASQAALA. In another embodiment, the rhesus albumin
shares at least 90% identity, at least 95% identity, at least 99% identity, or at least 100%
identity to SEQ ID NO: 11.

10
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The in vivo function and stability of the fusion proteins of the present disclosure may
be optimized by adding small peptide linkers, e.g., to prevent potentially unwanted domain
interactions or for other reasons. Further, a glycine-rich linker may provide some structural
flexibility such that the GLP-2 analog portion can interact productively with the GLP-2
receptor on target cells such as the beta cells of the pancreas. Thus, the C- terminus of the
GLP-2 analog and the N- terminus of the fusion domain of the fusion protein are, in one
embodiment, fused via a linker. In one embodiment, the linker includes 1, 1.5 or 2 repeats of
a G-rich peptide linker having the sequence GGGGSGGGGSGGGGS (SEQ ID NO: 12).

In one embodiment, the fusion protein comprises (a) human thrombin leader, (b) a
DPP-1V resistant variant of GLP-2(A2G), a linker, and (c) a human IgG Fc. In one
embodiment, the fusion protein has the sequence of SEQ ID NO: 13, or a sequence at least
90%, at least 95%, at least 98%, or at least 99% identical thereto.

SEQ ID NO: 13
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRRHGDGSFSDEMNTI
LDNLAARDHFINWLIQTKITDGGGGGGSGGGGSGGGGSAESKYGPPCPPCPAPEAAGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWY VDGVEVHNAKTKPREE
QFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL
PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLG*

In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: 14 or a
sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical thereto.

SEQ ID NO: 14
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCACGTGTTTCTGGCTCCTCAGCAAGCCAGATCACT
GCTGCAGAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAACAC
CATCCTGGACAACCTGGCCGCCAGAGACTTCATCAACTGGCTGATCCAGACCAA
GATCACCGACGGTGGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGCGG
AGGTTCTGCCGAGTCTAAGTACGGACCTCCTTGTCCTCCCTGTCCTGCTCCAGAA
GCTGCTGGCGGCCCATCCGTGTTTCTGTTCCCTCCAAAGCCTAAGGACACCCTGA
TGATCAGCAGAACCCCTGAAGTGACCTGCGTGGTGGTCGACGTGTCCCAAGAGG
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ATCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCA
AGACCAAGCCTAGAGAGGAACAGTTCAACAGCACCTACAGAGTGGTGTCCGTGC
TGACCGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTGT
CCAACAAGGGCCTGCCTAGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGGCC
AGCCAAGAGAACCCCAGGTGTACACACTGCCTCCAAGCCAAGAGGAAATGACCA
AGAACCAGGTGTCCCTGACCTGCCTGGTCAAGGGCTTCTACCCTTCCGATATCGC
CGTGGAATGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCACACCTCC
TGTGCTGGACTCCGATGGCTCATTCTTCCTGTACAGCAGACTGACCGTGGACAAG
AGCAGGTGGCAAGAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTG
CACAACCACTACACCCAGAAAAGCCTGAGCCTGTCTCTGGGCTAA

In one embodiment, the fusion protein comprises (a) human thrombin leader, (b) a
DPP-1IV resistant variant of GLP-2(A2G), a linker, and (¢) a human serum albumin. In one
embodiment, the fusion protein has the sequence of SEQ ID NO: 15, or a sequence at least
90%, at least 95%, at least 98%, or at least 99% identical thereto.
SEQID NO: 15:
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRRHGDGSFSDEMNTI
LDNLAARDFINWLIQTKITDGGGGGGSGGGGSGGGGSDAHKSEVAHRFKDLGEENF
KALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCT
VATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNE
ETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDE
GKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTE
CCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPAD
LPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTL
EKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTK
KVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPV
SDRVTKCCTESLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAA
LG*

In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: 16 or a
sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%

identical thereto.
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SEQ ID NO: 16:
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCACGTGTTTCTGGCTCCTCAGCAAGCCAGATCACT
GCTGCAGAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAACAC
CATCCTGGACAACCTGGCCGCCAGAGACTTCATCAACTGGCTGATCCAGACCAA
GATCACCGACGGTGGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGCGG
AGGTTCTGACGCCCACAAATCTGAAGTGGCCCACCGGTTCAAGGACCTGGGCGA
AGAGAATTTCAAGGCCCTGGTGCTGATCGCCTTCGCTCAGTACCTGCAGCAGTGC
CCCTTCGAGGACCACGTGAAGCTGGTCAACGAAGTGACCGAGTTCGCCAAGACC
TGCGTGGCCGACGAGAGCGCCGAGAACTGTGATAAGAGCCTGCACACCCTGTTC
GGCGACAAGCTGTGTACAGTGGCCACACTGAGAGAAACCTACGGCGAGATGGCC
GACTGCTGCGCCAAGCAAGAGCCCGAGAGAAACGAGTGCTTCCTGCAGCACAAG
GACGACAACCCCAACCTGCCTAGACTCGTGCGGCCTGAAGTGGACGTGATGTGC
ACCGCCTTCCACGACAACGAGGAAACCTTCCTGAAGAAGTACCTGTACGAGATC
GCCAGACGGCACCCCTACTTTTACGCCCCTGAGCTGCTGTTCTTCGCCAAGCGGT
ATAAGGCCGCCTTCACCGAGTGTTGTCAGGCCGCTGATAAGGCTGCCTGCCTGCT
GCCTAAGCTGGACGAGCTTAGAGACGAGGGCAAAGCCAGCTCCGCCAAGCAGAG
ACTGAAGTGTGCCAGCCTGCAGAAGTTCGGCGAGAGAGCCTTTAAGGCCTGGGC
CGTTGCTAGACTGAGCCAGAGATTTCCCAAGGCCGAGTTTGCCGAGGTGTCCAAG
CTCGTGACCGACCTGACAAAGGTGCACACCGAGTGCTGCCACGGCGACCTGCTG
GAATGCGCCGACGATAGAGCCGACCTGGCCAAGTACATCTGCGAGAACCAGGAC
AGCATCAGCAGCAAGCTGAAAGAGTGCTGCGAGAAGCCTCTGCTGGAAAAGAGC
CACTGTATCGCCGAGGTGGAAAACGACGAGATGCCCGCCGATCTGCCTTCTCTGG
CCGCCGATTTTGTGGAAAGCAAGGACGTGTGCAAGAACTACGCCGAGGCCAAGG
ACGTGTTCCTGGGCATGTTTCTGTACGAGTACGCCCGCAGACACCCCGACTACTC
TGTTGTGCTGCTGCTGAGACTGGCCAAAACCTACGAGACAACCCTGGAAAAGTG
CTGTGCCGCCGCTGATCCTCACGAGTGTTACGCCAAGGTGTTCGACGAGTTCAAG
CCACTGGTGGAAGAACCCCAGAACCTGATCAAGCAGAACTGCGAGCTGTTCGAG
CAGCTGGGCGAGTACAAGTTCCAGAACGCCCTGCTCGTGCGGTACACCAAGAAG
GTGCCCCAGGTTTCCACACCTACACTGGTTGAGGTGTCCCGGAACCTGGGCAAAG
TGGGCAGCAAGTGTTGCAAGCACCCTGAGGCCAAGAGAATGCCCTGCGCCGAGG
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ATTACCTGAGCGTGGTGCTGAATCAGCTGTGCGTGCTGCACGAGAAAACCCCTGT
GTCCGACAGAGTGACCAAGTGCTGTACCGAGAGCCTGGTCAACAGACGGCCTTG
CTTTAGCGCCCTCGAGGTGGACGAGACATACGTGCCCAAAGAGTTCAACGCCGA
GACATTCACCTTCCACGCCGACATCTGTACCCTGAGCGAGAAAGAGCGGCAGAT
CAAGAAACAGACTGCCCTGGTGGAACTGGTCAAGCACAAGCCCAAGGCCACCAA
AGAACAGCTGAAGGCCGTGATGGACGACTTCGCCGCCTTCGTGGAAAAGTGCTG
CAAGGCCGACGACAAAGAGACCTGCTTCGCCGAAGAGGGCAAGAAACTGGTGG
CCGCTTCTCAGGCTGCTCTGGGATAA

In one embodiment, the fusion protein comprises (a) human thrombin leader, (b) a
DPP-1V resistant variant of GLP-2(A2G), a linker, and (¢) an XTEN polypeptide. In one
embodiment, the fusion protein has the sequence of SEQ ID NO: 17, or a sequence at least
90%, at least 95%, at least 98%, or at least 99% identical thereto.
SEQID NO: 17:
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQARSLLQRVRRHGDGSFSDEMNTI
LDNLAARDFINWLIQTKITDGGGGGGSGGGGSGGGGSSPAGSPTSTEEGTSESATPES
GPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGS
APGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGS
APGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
TPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGP
GTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
G*
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In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: 18 or a
sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical thereto.

SEQID NO: 18:
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCACGTGTTTCTGGCTCCTCAGCAAGCCAGATCACT
GCTGCAGAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAACAC
CATCCTGGACAACCTGGCCGCCAGAGACTTCATCAACTGGCTGATCCAGACCAA
GATCACCGACGGTGGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGCGG
AGGAAGTTCTCCTGCTGGCAGCCCTACAAGCACCGAGGAAGGCACAAGCGAGTC
TGCCACACCTGAGTCTGGCCCTGGCACATCTACAGAGCCTAGCGAAGGATCTGCC
CCAGGATCTCCTGCCGGCTCTCCAACATCTACCGAAGAGGGAACCAGCACCGAG
CCATCTGAGGGATCTGCTCCCGGAACAAGCACAGAGCCTTCAGAAGGATCCGCT
CCTGGCACCTCTGAAAGCGCCACACCAGAAAGCGGACCTGGATCTGAGCCTGCC
ACAAGCGGATCTGAGACACCTGGAAGCGAGCCAGCCACATCTGGCAGCGAAACA
CCTGGTTCTCCAGCCGGATCTCCCACCAGCACAGAAGAGGGCACATCCGAATCTG
CTACCCCTGAATCTGGACCAGGCACCTCCACAGAACCTTCCGAGGGTTCTGCCCC
TGGAACCTCTACCGAACCATCAGAAGGCAGCGCTCCAGGTTCACCAGCTGGAAG
CCCAACCTCTACAGAGGAAGGGACATCCACTGAGCCAAGCGAGGGAAGCGCTCC
CGGCACTAGTACAGAACCGAGCGAGGGCAGTGCTCCTGGAACCAGCGAATCCGC
TACTCCAGAGAGTGGCCCAGGCACCAGTACTGAACCCTCTGAGGGTAGCGCACC
CGGAACATCTGAGAGCGCTACTCCCGAATCAGGCCCAGGCTCTGAACCTGCTACC
AGCGGAAGTGAAACACCCGGCACCTCTACTGAGCCCTCCGAAGGCTCAGCACCT
GGCACAAGCACTGAACCATCAGAGGGCTCCGCACCAGGCACCAGCGAAAGTGCT
ACACCAGAGTCAGGACCCGGAACCTCCGAAAGTGCAACTCCTGAGAGCGGACCA
GGCTCTCCCGCTGGATCTCCTACATCAACTGAAGAAGGGACCTCCGAGAGCGCA
ACCCCAGAGTCTGGTCCAGGATCAGAACCTGCCACCTCCGGCTCTGAAACCCCAG
GCACTTCTGAGTCCGCCACGCCAGAATCTGGTCCTGGGACTAGCACCGAACCGA
GTGAAGGTTCAGCTCCCGGGACTTCTACGGAACCCAGTGAAGGATCTGCACCCG
GCACATCAACCGAACCGTCAGAGGGATCAGCCCCTGGGACTTCCACAGAGCCGT
CTGAGGGCAGCGCCCCAGGGACGTCTACAGAACCATCTGAAGGATCAGCACCAG
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GGACCTCTACCGAGCCAAGTGAAGGCAGTGCACCGGGAAGTCCAGCAGGCTCCC
CTACAAGTACTGAAGAGGGTACTAGCACGGAACCCAGCGAGGGTTCCGCTCCAG
GGACATCTGAATCCGCAACTCCGGAATCCGGACCTGGCAGTGAACCAGCTACAT
CCGGATCCGAGACTCCGGGAACCTCAGAATCAGCTACACCCGAGAGTGGACCTG
GCTCCGAACCAGCAACTAGCGGCTCAGAAACTCCTGGGACAAGCGAGAGTGCAA
CACCCGAATCTGGACCTGGAACAAGTACTGAGCCCAGCGAAGGCAGCGCCCCTG
GAACTTCTGAATCTGCCACTCCTGAAAGTGGCCCTGGAAGCCCTGCAGGCTCACC
CACATCCACAGAAGAAGGATCACCAGCAGGCAGCCCCACTTCAACGGAAGAGGG
ATCCCCAGCTGGATCCCCAACTAGTACGGAAGAAGGCACTTCAGAAAGCGCTAC
GCCCGAGTCCGGTCCTGGCACTTCTACTGAACCATCCGAGGGAAGTGCCCCTGGC
ACTTCCGAGAGTGCTACACCTGAAAGCGGTCCCGGCTCTGAACCAGCCACTTCTG
GATCTGAAACGCCCGGGACATCCGAGTCAGCAACGCCCGAAAGCGGCCCAGGTT
CCGAGCCGGCTACTAGTGGTTCAGAGACTCCAGGGACTTCCGAGTCTGCTACTCC
TGAGTCCGGACCGGGAACATCAACCGAGCCTTCCGAAGGATCTGCACCTGGAAG
CCCTGCCGGATCTCCTACCAGTACTGAGGAAGGCACCTCAGAGTCTGCCACTCCA
GAGTCAGGTCCTGGAAGCGAACCTGCAACAAGCGGCAGCGAAACTCCAGGCACT
AGCGAGTCAGCTACCCCAGAATCAGGACCTGGATCTCCAGCAGGGTCCCCAACA
TCTACTGAGGAAGGCTCTCCTGCTGGCTCCCCTACCTCTACCGAAGAGGGGACCT
CAACAGAGCCATCCGAGGGGAGCGCACCTGGTACATCAGAGTCCGCAACTCCCG
AGTCTGGCCCCGGAACTAGCGAATCTGCAACCCCGGAAAGTGGACCCGGGACGA
GTGAATCAGCCACACCTGAATCCGGTCCAGGATCCGAGCCTGCAACTTCTGGAA
GCGAGACACCAGGATCTGAGCCAGCTACGTCTGGCTCTGAGACTCCTGGATCTCC
TGCTGGTAGTCCCACCTCCACTGAAGAGGGAACTTCCACCGAACCGAGCGAGGG
ATCAGCACCAGGCACTAGCACAGAACCGTCCGAAGGATCTGCTCCAGGCTCTGA
ACCCGCAACCTCCGGATCAGAAACCCCTGGAACATCCGAAAGCGCTACACCGGA
AAGTGGCCCCGGAACCTCTACAGAACCTAGCGAGGGAAGCGCACCAGGATAA
In one embodiment, the fusion protein comprises (a) thesus thrombin leader, (b) a
DPP-1V resistant variant of GLP-2(A2G), a linker, and (c) a rhesus IgG Fc. In one
embodiment, the fusion protein has the sequence of SEQ ID NO: 19, or a sequence at least
90%, at least 95%, at least 98%, or at least 99% identical thereto.
SEQ ID NO: 19
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MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQALSLLQRVRRHGDGSFSDEMNTV
LVDNLATRDFINWLIQTKITDGGGGGGGSGGGGSGGGGSAEFTPPCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAQTKPRER
QFNSTYRVVSVLTVTHQDWLNGKEYTCKVSNKGLPAPIEKTISKAKGQPREPQVYIL
PPPQEELTKNQVSLTCLVTGFYPSDIAVEWESNGQPENTYKTTPPVLDSDGSYLLYSK
LTVNKSRWQPGNIFTCSVMHEALHNHYTQKSLSVSPG*

In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: 20 or a

sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical thereto.
SEQ ID NO: 20:
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCATGTGTTTCTGGCTCCTCAGCAGGCCCTGAGCCT
GCTGCAAAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAATAC
CGTGCTGGTGGACAACCTGGCCACCAGAGACTTCATCAACTGGCTGATCCAGACC
AAGATCACCGACGGTGGTGGCGGAGGCGGAGGATCTGGTGGCGGTGGTTCTGGC
GGTGGCGGATCTGCTGAGTTTACCCCTCCTTGTCCTCCCTGTCCTGCTCCAGAACT
GCTCGGCGGACCTTCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATG
ATCAGCAGAACCCCTGAAGTGACCTGCGTGGTGGTGGACGTGTCCCAAGAGGAT
CCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCCAG
ACAAAGCCCAGAGAGCGGCAGTTCAACAGCACCTACAGAGTGGTGTCCGTGCTG
ACCGTGACACACCAGGATTGGCTGAACGGCAAAGAGTACACCTGTAAAGTCTCC
AACAAGGGCCTGCCTGCTCCTATCGAGAAAACCATCAGCAAGGCCAAGGGCCAG
CCTAGAGAACCCCAGGTGTACATCCTGCCTCCACCTCAAGAGGAACTGACCAAG
AACCAGGTGTCCCTGACCTGTCTGGTCACCGGCTTCTACCCTTCCGATATCGCCGT
GGAGTGGGAGAGCAACGGACAGCCCGAGAACACCTACAAGACCACACCTCCAGT
GCTGGACAGCGACGGCTCTTACCTGCTGTACTCCAAGCTGACAGTGAACAAGAG
CCGGTGGCAGCCCGGCAACATCTTCACCTGTTCTGTGATGCACGAGGCCCTGCAC
AACCACTACACCCAGAAAAGCCTGAGCGTGTCCCCTGGATAA

In one embodiment, the fusion protein comprises (a) rhesus thrombin leader, (b) a

DPP-1IV resistant variant of GLP-2(A2G), a linker, and (c) a rhesus serum albumin. In one
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embodiment, the fusion protein has the sequence of SEQ ID NO: 21, or a sequence at least
90%, at least 95%, at least 98%, or at least 99% identical thereto.
SEQ ID NO: 21
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQALSLLQRVRRHGDGSFSDEMNTV
LVDNLATRDFINWLIQTKITGGGGGGGSGGGGSGGGGSDTHKSEVAHRFKDLGEEH
FKGLVLVAFSQYLQQCPFEEHVKLYNEVTEFAKTCVADESAENCDKSLHTLFGDKL
CTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPPLVRPEVDVMCTAFHDN
EATFLKKYLYEVARRHPYFYAPELLFFAARYKAAFAECCQAADKAACLLPKLDELR
DEGKASSAKQRLKCASLQKFGDRAFKAWAVARLSQKFPKAEFAEVSKLVTDLTKY
HTECCHGDLLECADDRADLAKYMCENQDSISSKLKECCDKPLLEKSHCLAEVENDE
MPADLPSLAADYVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVMLLLRLAKA
YEATLEKCCAAADPHECYAKVFDEFQPLVEEPQNLVKQNCELFEQLGEYKFQNALL
VRYTKKVPQVSTPTLVEVSRNLGKVGAKCCKLPEAKRMPCAEDYLSVVLNRLCVLH
EKTPVSEKVTKCCTESLVNRRPCFSALELDEAY VPKAFNAETFTFHADMCTLSEKEK
QVKKQTALVELVKHKPKATKEQLKGVMDNFAAFVEKCCKADDKEACFAEEGPKFV
AASQAALA

In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: or a
sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical thereto.
SEQID NO: 22:
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCATGTGTTTCTGGCTCCTCAGCAAGCCCTGAGCCT
GCTGCAAAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAATAC
CGTGCTGGTGGACAACCTGGCCACCAGAGACTTCATCAACTGGCTGATCCAGACC
AAGATCACCGGTGGTGGCGGAGGCGGAGGATCTGGTGGCGGTGGTTCTGGCGGT
GGCGGATCTGATACACACAAGTCTGAGGTGGCCCACCGGTTCAAGGACCTGGGC
GAAGAACACTTCAAAGGCCTGGTGCTGGTCGCCTTCAGCCAGTACCTGCAGCAGT
GCCCTTTCGAGGAACACGTGAAGCTGGTCAACGAAGTGACCGAGTTCGCCAAGA
CCTGCGTGGCCGACGAGAGCGCCGAGAACTGTGATAAGAGCCTGCACACCCTGT
TCGGCGACAAGCTGTGTACAGTGGCCACACTGAGAGAAACCTACGGCGAGATGG
CCGACTGCTGCGCCAAGCAAGAGCCCGAGAGAAACGAGTGCTTCCTGCAGCACA
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AGGACGACAACCCCAACCTGCCTCCACTCGTCAGACCCGAAGTGGACGTGATGT
GCACCGCCTTCCACGACAATGAGGCCACCTTCCTGAAGAAATACCTGTACGAGGT
GGCCAGACGGCACCCCTACTTTTACGCCCCTGAACTGCTGTTCTTTGCCGCCAGG
TACAAGGCCGCCTTCGCCGAATGTTGTCAGGCCGCTGATAAGGCCGCTTGCCTGC
TGCCTAAGCTGGACGAGCTTAGAGACGAGGGCAAAGCCAGCTCCGCCAAGCAGA
GACTGAAGTGTGCCAGCCTGCAGAAGTTCGGCGATAGAGCCTTTAAGGCCTGGG
CCGTCGCTAGACTGAGCCAGAAGTTTCCCAAGGCCGAGTTTGCCGAGGTGTCCAA
GCTCGTGACCGACCTGACAAAGGTGCACACCGAGTGCTGTCACGGCGACCTGCT
GGAATGCGCCGACGATAGAGCCGACCTGGCCAAGTACATGTGCGAGAACCAGGA
CAGCATCAGCAGCAAGCTGAAAGAGTGCTGCGACAAGCCTCTGCTGGAAAAGAG
CCACTGTCTGGCCGAGGTGGAAAACGACGAGATGCCCGCCGATCTGCCTTCTCTG
GCCGCCGATTACGTGGAAAGCAAGGACGTGTGCAAGAACTACGCCGAGGCCAAG
GACGTGTTCCTGGGCATGTTTCTGTACGAGTACGCCCGCAGACACCCCGACTACT
CTGTTATGCTGCTGCTGAGACTGGCCAAGGCCTACGAGGCCACTCTGGAAAAGTG
TTGTGCCGCCGCTGATCCCCACGAGTGTTACGCCAAAGTGTTCGACGAGTTCCAG
CCACTGGTGGAAGAACCCCAGAACCTGGTCAAGCAGAACTGCGAGCTGTTCGAG
CAGCTGGGCGAGTACAAGTTCCAGAACGCCCTGCTCGTGCGGTACACCAAGAAG
GTGCCCCAGGTTTCCACACCTACACTGGTTGAGGTGTCCCGGAACCTGGGAAAAG
TGGGCGCCAAGTGTTGCAAGCTGCCTGAGGCCAAGAGAATGCCCTGCGCCGAGG
ATTACCTGAGCGTGGTGCTGAACAGACTGTGCGTGCTGCACGAGAAAACCCCTGT
GTCCGAGAAAGTGACCAAGTGCTGTACCGAGAGCCTGGTCAATCGGAGGCCTTG
CTTTAGCGCCCTGGAACTGGACGAGGCCTACGTGCCCAAGGCCTTCAACGCCGA
GACATTCACCTTCCACGCCGACATGTGTACCCTGAGCGAGAAAGAAAAGCAAGT
GAAGAAACAGACAGCCCTGGTCGAGCTGGTTAAGCACAAGCCTAAGGCCACCAA
AGAACAACTGAAGGGCGTGATGGACAACTTCGCCGCCTTTGTGGAAAAATGCTG
CAAGGCCGACGACAAAGAGGCCTGCTTCGCAGAAGAGGGCCCTAAGTTTGTGGC
CGCCTCTCAAGCTGCTCTGGCTTAA

In one embodiment, the fusion protein comprises (a) rhesus thrombin leader, (b) a
DPP-1V resistant variant of GLP-2(A2G), a linker, and (c) an XTEN polypeptide. In one
embodiment, the fusion protein has the sequence of SEQ ID NO: 23, or a sequence at least

90%, at least 95%, at least 98%, or at least 99% identical thereto.
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SEQ ID NO: 23
MAHVRGLQLPGCLALAALCSLVHSQHVFLAPQQALSLLQRVRRHGDGSFSDEMNTV
LVDNLATRDFINWLIQTKITDGGGGGGSGGGGSGGGGSSPAGSPTSTEEGTSESATPE
SGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGS
APGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGS
APGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
TPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGP
GTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
G

In one embodiment, the sequence encoding the fusion protein is SEQ ID NO: 24 or a
sequence at least 75%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%
identical thereto.
SEQID NO: 24:
ATGGCTCACGTTCGGGGACTGCAGCTGCCTGGATGTCTGGCTCTTGCCGCTCTGT
GTAGCCTGGTGCACAGCCAGCATGTGTTTCTGGCTCCTCAGCAAGCCCTGAGCCT
GCTGCAAAGAGTTAGAAGGCACGGCGACGGCAGCTTCAGCGACGAGATGAATAC
CGTGCTGGTGGACAACCTGGCCACCAGAGACTTCATCAACTGGCTGATCCAGACC
AAGATCACCGACGGTGGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGC
GGAGGAAGTTCTCCTGCTGGCAGCCCTACAAGCACCGAGGAAGGCACAAGCGAG
TCTGCCACACCTGAGTCTGGCCCTGGCACATCTACAGAGCCTAGCGAAGGATCTG
CCCCAGGATCTCCTGCCGGCTCTCCAACATCTACCGAAGAGGGAACCAGCACCG
AGCCATCTGAGGGATCTGCTCCCGGAACAAGCACAGAGCCTTCAGAAGGATCCG
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CTCCTGGCACCTCTGAAAGCGCCACACCAGAAAGCGGACCTGGCTCTGAACCTG
CCACAAGCGGATCTGAGACACCTGGAAGCGAGCCAGCCACATCTGGCAGCGAAA
CACCTGGATCACCAGCCGGATCTCCCACCTCTACCGAGGAAGGGACATCCGAGA
GCGCTACCCCAGAATCTGGACCAGGCACCAGCACAGAACCCTCTGAAGGTTCAG
CCCCTGGAACCTCTACCGAACCATCAGAAGGCAGCGCTCCAGGTTCTCCCGCTGG
ATCCCCTACATCCACAGAAGAGGGCACCTCCACTGAACCTAGCGAGGGAAGTGC
TCCCGGCACTTCCACAGAACCATCCGAGGGCAGTGCACCTGGAACCAGCGAATC
TGCTACCCCTGAGAGTGGACCCGGAACATCCACTGAGCCCTCCGAGGGTTCAGCT
CCAGGCACATCAGAATCCGCCACTCCAGAGTCCGGACCAGGATCTGAGCCAGCT
ACCAGCGGCTCTGAAACACCCGGCACTAGTACCGAGCCAAGCGAGGGTAGCGCA
CCAGGGACAAGTACCGAACCGTCTGAGGGCTCCGCACCAGGCACTTCCGAAAGT
GCTACTCCTGAAAGCGGCCCAGGCACTAGCGAATCCGCAACACCCGAGAGCGGT
CCTGGAAGTCCTGCAGGTTCACCTACCAGCACTGAAGAGGGGACTAGCGAGAGC
GCAACTCCTGAATCAGGCCCTGGATCCGAACCTGCTACCTCCGGAAGTGAAACCC
CTGGGACAAGCGAAAGTGCAACGCCCGAGTCAGGACCCGGGACTAGCACGGAA
CCCAGTGAAGGATCTGCACCCGGGACATCTACCGAGCCGTCAGAAGGTTCTGCTC
CAGGGACTAGTACTGAGCCTTCCGAAGGTTCTGCACCTGGAACTTCCACAGAGCC
CAGTGAAGGCAGTGCCCCTGGCACAAGCACTGAACCGTCCGAAGGCAGTGCTCC
CGGGACCAGTACAGAACCGAGCGAGGGCTCTGCTCCTGGTAGTCCAGCAGGATC
TCCAACTAGCACCGAAGAAGGGACTTCCACCGAGCCTTCCGAGGGAAGCGCTCC
TGGAACATCCGAGTCCGCTACGCCAGAGAGTGGCCCAGGTTCTGAACCCGCTACT
TCCGGCTCAGAGACTCCTGGGACTTCTGAGTCTGCAACCCCGGAAAGTGGTCCTG
GTAGCGAACCAGCAACTAGCGGAAGCGAGACACCCGGAACCTCAGAGAGTGCTA
CACCGGAATCCGGTCCAGGGACGTCTACGGAACCGTCTGAAGGATCAGCTCCCG
GCACTAGCGAAAGCGCTACACCTGAAAGTGGTCCCGGATCTCCAGCAGGCAGCC
CAACCTCTACTGAAGAAGGTTCCCCAGCTGGAAGCCCCACTTCCACTGAGGAAG
GCTCTCCCGCAGGCTCACCCACTAGTACGGAAGAAGGCACGTCCGAGTCTGCTAC
TCCCGAATCCGGACCTGGAACTAGCACTGAGCCAAGCGAAGGATCAGCACCCGG
AACCTCTGAGTCCGCCACACCAGAATCTGGTCCTGGTTCCGAGCCTGCCACTTCA
GGATCAGAAACCCCGGGCACGAGTGAATCAGCAACGCCGGAATCTGGCCCCGGA
AGCGAACCGGCTACGTCTGGATCTGAAACGCCAGGGACCTCCGAATCAGCTACG
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CCTGAGTCTGGTCCAGGGACATCCACCGAACCTAGTGAAGGCTCCGCACCTGGA
AGCCCTGCTGGAAGCCCAACGAGTACTGAAGAGGGCACTTCTGAGAGCGCTACG
CCTGAGTCAGGACCTGGAAGCGAACCTGCAACATCCGGCTCAGAAACACCAGGG
ACCAGCGAAAGCGCAACCCCAGAGAGTGGACCTGGATCTCCAGCTGGCTCTCCT
ACTAGTACAGAGGAAGGCAGCCCTGCTGGCTCCCCAACGTCAACAGAAGAAGGT
ACTAGCACAGAGCCCAGCGAGGGTTCCGCTCCGGGAACTTCTGAATCTGCTACAC
CCGAGTCAGGTCCTGGTACAAGCGAGTCAGCTACGCCCGAAAGTGGACCTGGCA
CCTCAGAGTCTGCAACTCCTGAGAGCGGTCCAGGATCAGAACCAGCCACCTCTG
GCTCTGAGACACCAGGTTCTGAGCCTGCAACGTCCGGAAGCGAAACACCAGGCA
GTCCTGCCGGAAGTCCTACTTCAACCGAAGAGGGGACCTCTACAGAGCCATCAG
AGGGCTCTGCACCGGGCACCTCAACAGAACCATCTGAAGGATCCGCACCGGGCT
CTGAGCCTGCTACTAGTGGAAGCGAAACTCCTGGCACCAGTGAATCCGCTACTCC
CGAGTCTGGCCCGGGAACGTCTACTGAACCATCTGAGGGAAGTGCCCCAGGCTA
A

When a variant or fragment of the leader sequence, GLP-2 receptor agonist, or fusion
domain is desired, the coding sequences for these peptides may be generated using site-
directed mutagenesis of the wild-type nucleic acid sequence. Alternatively or additionally,
web-based or commercially available computer programs, as well as service based companies
may be used to back translate the amino acids sequences to nucleic acid coding sequences,
including both RNA and/or cDNA. See, e.g., backtranseq by EMBOSS, ebi.ac.uk/Tools/st/;
Gene Infinity (geneinfinity.org/sms-/sms_backtranslation.html); ExPasy (expasy.org/tools/).
In one embodiment, the RNA and/or cDNA coding sequences are designed for optimal
expression in the subject species for which administration is ultimately intended, e.g., a
human.

The coding sequences may be designed for optimal expression using codon
optimization. Codon-optimized coding regions can be designed by various different methods.
This optimization may be performed using methods which are available on-line, published
methods, or a company which provides codon optimizing services. One codon optimizing
method is described, e.g., in International Patent Application Pub. No. WO 2015/012924,
which is incorporated by reference herein. Briefly, the nucleic acid sequence encoding the

product is modified with synonymous codon sequences. Suitably, the entire length of the
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open reading frame (ORF) for the product is modified. However, in some embodiments, only
a fragment of the ORF may be altered. By using one of these methods, one can apply the
frequencies to any given polypeptide sequence, and produce a nucleic acid fragment of a
codon-optimized coding region which encodes the polypeptide.

In addition to the leader sequences, GLP-2 receptor agonists, fusion domains, and
fusion proteins provided herein, nucleic acid sequences encoding these polypeptides are
provided. In one embodiment, a nucleic acid sequence is provided which encodes for the
GLP-2 peptides described herein. In some embodiments, this may include any nucleic acid
sequence which encodes the GLP-2 sequence of SEQ ID NO: 1. In another embodiment, this
includes any nucleic acid which includes the GLP-2 sequence of SEQ ID NO: 2.

In one embodiment, a nucleic acid sequence is provided which encodes for the GLP-2
fusion protein described herein. In another embodiment, this includes any nucleic acid

sequence which encodes the GLP-2 fusion protein of SEQ ID NO: 13, 15, 17, 19, 21 or 23.

Expression Cassettes

Provided herein, in another aspect, is an expression cassette comprising a nucleic acid
encoding a GLP-2 fusion protein as described herein. As used herein, an “expression
cassette” refers to a nucleic acid molecule which comprises a biologically useful nucleic acid
sequence (e.g., a gene cDNA encoding a protein, enzyme or other useful gene product,
mRNA, etc.) and regulatory sequences operably linked thereto which direct or modulate
transcription, translation, and/or expression of the nucleic acid sequence and its gene product.
As used herein, “operably linked” sequences include both regulatory sequences (also referred
to as elements) that are contiguous or non-contiguous with the nucleic acid sequence and
regulatory sequences that act in trans or cis nucleic acid sequence. Such regulatory sequences
typically include, e.g., one or more of a promoter, an enhancer, a transcription factor,
transcription terminator, an intron, sequences that enhance translation efficiency (i.e., a
Kozak consensus sequence), efficient RNA processing signals such as slicing and a
polyadenylation sequence, sequences that stabilize cytoplasmic mRNA, for example
Woodchuck Hepatitis Virus (WHP) posttranslational Regulatory Element (WPRE), and a
TATA signal. The expression cassette may contain regulatory sequences upstream (5’ to) of

the gene sequence, e.g., one or more of a promoter, an enhancer, an intron, etc., and one or
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more of an enhancer, or regulatory sequences downstream (3’ to) a gene sequence, e.g., 3’
untranslated region (3° UTR) comprising a polyadenylation site, among other elements. In
certain embodiments, the regulatory sequences are operably linked to the nucleic acid
sequence of a gene product, wherein the regulatory sequences are separated from nucleic acid
sequence of a gene product by intervening nucleic acid sequences, i.e., 5’-untranslated
regions (5’ UTR). In certain embodiments, the expression cassette comprises nucleic acid
sequence of one or more of gene products. In some embodiments, the expression cassette can
be a monocistronic or a bicistronic expression cassette. In other embodiments, the term
“transgene” refers to one or more DNA sequences from an exogenous source which are
inserted into a target cell.

In one embodiment, the expression cassette refers to a nucleic acid molecule which
comprises the GLP-2 construct coding sequences (e.g., coding sequences for the GLP-2
fusion protein), promoter, and may include other regulatory sequences therefor, which
cassette may be engineered into a genetic element and/or packaged into the capsid of a viral
vector (e.g., a viral particle). Typically, such an expression cassette for generating a viral
vector contains the GLP-2 construct sequences described herein flanked by packaging signals
of the viral genome (and is termed a “vector genome’) and other expression control
sequences such as those described herein. Any of the expression control sequences can be
optimized for a specific species using techniques known in the art including, e.g., codon
optimization, as described herein.

In certain embodiments, the expression cassette includes a constitutive promoter. In
another embodiment, a CB7 promoter is used. CB7 is a chicken f-actin promoter with
cytomegalovirus enhancer elements. In some embodiments, the CB7 promoter has the nucleic
acid sequence of SEQ ID NO: 25. In one embodiment, the promoter is a CMV promoter. In
some embodiments, the CMV promoter is a nucleic acid sequence of SEQ ID NO: 26.

In another embodiment, a tissue specific promoter is used. Alternatively, other liver-
specific promoters may be used such as those listed in the Liver Specific Gene Promoter
Database, Cold Spring Harbor, (rulai.schl.edu/LSPD), and including, but not limited to, alpha
1 anti-trypsin (A1AT); human albumin (Miyatake et al., J. Virol., 71:5124 32 (1997)),
humAlb; hepatitis B virus core promoter (Sandig et al., Gene Ther., 3:1002 9 (1996)); a TTR

minimal enhancer/promoter, alpha-antitrypsin promoter, liver-specific promoter (LSP) (Wu
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et al. Mol Ther. 16:280-289 (2008)), TBG liver specific promoter. Other promoters, such as
viral promoters, constitutive promoters, regulatable promoters (see, e.g., WO 2011/126808
and WO 2013/04943), or a promoter responsive to physiologic cues may be used may be
utilized in the vectors described herein.

In one embodiment, the promoter is comprised in an inducible gene expression
system. The inducible gene regulation/expression system contains at least the following
components: a promoter operably linked to transgene encoding the GLP-2 fusion protein
described herein (also referred to as the regulatable promoter), an activation domain, DNA
binding domain, and zinc finger homeodomain binding site(s). In other embodiments,
additional components may be included in the expression system, as further described herein.

The system comprises the promoter upstream of the coding sequence for the GLP-2
fusion protein. Promoters described herein, such as CMV and CB7 promoters may be used.
In one embodiment, the promoter is a CMV promoter, such as that shown in SEQ ID NO: 26.
In another embodiment, the promoter is the ubiquitous, inducible promoter Z 121 which
comprises 12 repeated copies of the binding site for ZFHD1 and the IL2 minimal promoter.
See, e.g., Chen et al, Hum Gene Ther Methods. 2013 Aug; 24(4): 270-278, which is
incorporated herein.

The expression system comprises an activation domain, which is preferably located
upstream of the DNA binding domain. In one embodiment, the activation domain is a fusion
of the carboxy terminus from the p65 subunit of NF-kappa B and FKBP12-rapamycin
binding (FRB) domain of FKBP12-rapamycin-associated protein (FRAP). In one
embodiment, the activation domain is a FKBP12-rapamycin binding (FRB) domain of human
FKBP12-rapamycin-associated protein (FRAP) fused to a carboxy terminus from the p65
subunit of NF-kappa B from a human.

In one embodiment, there is a linker between the transactivation domain and DNA
binding domain, which linker may be an F2A or an IRES. In one embodiment the linker is
selected from an IRES or a 2A peptide.

The DNA binding domain is composed of a DNA-binding fusion of zinc finger
homeodomain 1 (ZFHD1) joined to up to three copies of FK506 binding protein (FKBP). In
the presence of an inducing agent, e.g., a rapalog such as rapamycin, the DNA binding

domain and activation domain are dimerized through interaction of their FKBP and FRB
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domains, leading to transcription activation of the transgene. In some embodiments, the
ZFHD1 is included in frame with the GT2A or IRES.

The expression system is designed to have one, two or three copies of the FKBP
sequence. These are termed herein FKBP subunits. In one embodiment, the subunits are
designed to express the same protein, but to have nucleic acids which are divergent from one
another in order to minimize recombination. For example, SEQ ID NO: 27 provides 3
“wobbled” coding sequences for FKBP, each of which encode the sequence shown in SEQ
ID NO: 28:
GVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVI
RGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

The expression system further comprises zinc finger homeodomain binding sites. The
nucleic acid molecule contains at least 1,2, 3,4, 5,6,7, 8,9, 10, 11 or 12 binding sites for
ZFHD. In one embodiment, the expression system contains 8 (eight) zinc finger
homeodomains binding site (binding partners) (§XZFHD). However, the invention
encompasses expression systems having from two to about twelve copies of the zinc finger
binding site. An example of a single copy of a ZFHD binding site is: aatgatgggcgctcgagt
(SEQ ID NO: 29)

In some embodiments, there is a minimal IL2 promoter downstream of the zinc finger
homeodomain binding sites. An exemplary IL2 promoter is shown in SEQ ID NO: 30.

Such inducible systems are known in the art, and include, e.g., the rapamycin-
inducible system described by e.g., Rivera et al, A humanized system for pharmacologic
control of gene expression, Nature Medicine volume 2, pages 1028-1032 (September 1996)
and Rivera et al, Long-term pharmacologically regulated expression of erythropoietin in
primates following AAV-mediated gene transfer, Blood, 15 February 2005, volume 105,
number 4, both of which are incorporated herein by reference. In one embodiment, the
inducible gene expression system comprises a CMV promoter, the activation domain is a
FKBP12-rapamycin binding (FRB) domain of human FKBP 12-rapamycin-associated protein
(FRAP) fused to a carboxy terminus from the p65 subunit of NF-kappa B from a human,
GT2A peptide, ZFHD1 DNA binding domain, three FKBP subunits, an hGH poly A,
8XZFHD, and a minimal sIL2 promoter. These sequences are in addition to the coding

sequence for the GLP-2 fusion protein and optionally other regulatory sequences.
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In addition to a promoter, an expression cassette and/or a vector may contain other
appropriate transcription initiation, termination, enhancer sequences, efficient RNA
processing signals such as splicing and polyadenylation (polyA) signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein stability; and when desired, sequences
that enhance secretion of the encoded product. Examples of suitable polyA sequences
include, e.g., SV40, bovine growth hormone (bGH), human growth hormone (hGH), SV40,
rabbit -globin (also referred to as rabbit globin polyA; RGB), modified RGB (mRGB) and
TK polyA. Examples of suitable enhancers include, e.g., the alpha fetoprotein enhancer, the
TTR minimal promoter/enhancer, LSP (TH-binding globulin promoter/alphal -
microglobulin/bikunin enhancer), amongst others. In one embodiment, the polyA is a rabbit
globin polyA.

These control sequences are “operably linked” to the GLP-2 construct sequences. As
used herein, the term “operably linked” refers to both expression control sequences that are
contiguous with the gene of interest and expression control sequences that act in trans or at a
distance to control the gene of interest.

In one embodiment, a rAAYV is provided which includes a 5° ITR, CB7 promoter,
chicken beta-actin intron, coding sequence for the fusion protein of SEQ ID NO: 13, 15, 17,
19, 21, or 23, a rabbit globin poly A, and a 3’ [TR. In another embodiment, the rAAV
comprises a polynucleotide comprising a CMV promoter, the activation domain is a
FKBP12-rapamycin binding (FRB) domain of human FKBP12-rapamycin-associated protein
(FRAP) fused to a carboxy terminus from the p65 subunit of NF-kappa B from a human,
IRES, ZFHD1 DNA binding domain, three FKBP subunits, an hGH poly A, 8XZFHD, a
minimal sIL2 promoter, coding sequence for the GLP-2 fusion protein of SEQ ID NO: 13,
15,17, 19, 21, or 23, and rabbit beta globin polyA.

In another embodiment, a two vector inducible system is provided. The first rAAV
comprises 12XZFHD, a minimal IL2 promoter, coding sequence for the GLP-2 fusion protein
of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and rabbit beta globin polyA. A stuffer sequence
may be included to increase the packaging size of the vector. The second rAAV comprises a
polynucleotide comprising a CMV promoter, an intron, the activation domain is a FKBP12-

rapamycin binding (FRB) domain of human FKBP12-rapamycin-associated protein (FRAP)
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fused to a carboxy terminus from the p65 subunit of NF-kappa B from a human, IRES,
ZFHD1 DNA binding domain, and a polyA.

In one embodiment, an expression cassette is provided that includes a polynucleotide
comprising a CB7 promoter, chicken beta-actin intron, coding sequence for the fusion protein
of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and a rabbit globin poly A. In one embodiment, the
expression cassette is that found in SEQ ID NO: X, or a sequence sharing at least 70%, 75%,
80%, 85%, 90%, 95%, 99% or 100% identity therewith. In another embodiment, a vector
genome is provided wherein SEQ ID NO: X-X, or a sequence sharing at least 70%, 75%,
80%, 85%, 90%, 95%, 99% or 100% identity therewith is flanked by 5° and 3° AAV ITRs.

In another embodiment, an expression cassette is provided that includes a
polynucleotide comprising a CB7 promoter, chicken beta-actin intron, coding sequence for

the fusion protein of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and a rabbit globin poly A.

Viral Vectors

In another aspect, viral vectors that include the expression cassettes described herein
are provided. In certain embodiments of the viral vectors described herein, the viral vector is
an adeno-associated virus (AAV) viral vector or recombinant AAV (rAAV). The term
“recombinant AAV” or “rAAV” as used herein refers to naturally occurring adeno-associated
viruses, adeno-associated viruses available to one of skill in the art and/or in light of the
composition(s) and method(s) described herein, as well as artificial AAVs. An adeno-
associated virus (AAV) viral vector is an AAV DNase-resistant particle having an AAV
protein capsid into which is packaged an expression cassette flanked by AAYV inverted
terminal repeat sequences (I'TRs) (together referred to as the “vector genome”) for delivery to
target cells. An AAV capsid is composed of 60 capsid (cap) protein subunits, VP1, VP2, and
VP3, that are arranged in an icosahedral symmetry in a ratio of approximately 1:1:10 to
1:1:20, depending upon the selected AAV. Various AAVs may be selected as sources for
capsids of AAYV viral vectors as identified above. In one embodiment, the AAV capsid is an
AAVrh91 capsid or variant thereof. In certain embodiments, the capsid protein is designated
by a number or a combination of numbers and letters following the term “AAV” in the name
of the rAAYV vector. Unless otherwise specified, the AAV capsid, ITRs, and other selected

AAYV components described herein, may be readily selected from among any AAV,
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including, without limitation, the AAVs identified as AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAVT, AAVS, AAV9, AAVrh10, AAVhu37, AAVrh32.33, AAVAnc8(0, AAV10,
AAV11, AAV12, AAVrh8, AAVrh74, AAV-DIJS, AAV-DJ, AAVhu.37, AAVrh.64R1, and
AAVhu68. See, e.g., US Published Patent Application No. 2007-0036760-A1; US Published
Patent Application No. 2009-0197338-A1; EP 1310571. See also, WO 2003/042397 (AAV7
and other simian AAYV), US Patent 7790449 and US Patent 7282199 (AAVS), WO
2005/033321 and US 7,906,111 (AAV9), and WO 2006/110689, and WO 2003/042397
(rh.10), WO 2005/033321, WO 2018/160582 (AAVhu68), which are incorporated herein by
reference. Other suitable AAVs may include, without limitation, AAVth90
[PCT/US20/30273, filed April 28, 2020], AAVth91 | PCT/US20/030266, filed April 28,
2020, now a publication WO 2020/223231, published November 5, 2020], AAVrh92,
AAVrh93, AAVrh91.93 [PCT/US20/30281, filed April 28, 2020], which are incorporated by
reference herein. Other suitable AAV include AAV3B variants which are described in US
Provisional Patent Application No. 62/924,112, filed October 21, 2019, and US Provisional
Patent Application No. 63/025,753, filed May 15, 2020, describing AAV3B.AR2.01,
AAV3B.AR2.02, AAV3B.AR2.03, AAV3B.AR2.04, AAV3B.AR2.05, AAV3B.AR2.06,
AAV3B.AR2.07, AAV3B.AR2.08, AAV3B.AR2.10, AAV3B.AR2.11, AAV3B.AR2.12,
AAV3B.AR2.13, AAV3B.AR2.14, AAV3B.AR2.15, AAV3B.AR2.16, or AAV3B.AR2.17,
which are incorporated herein by reference. See also, International Patent Application No.
PCT/US21/45945, filed August 13, 2021, US Provisional Patent Application No. 63/065,616,
filed August 14, 2020, and US Provisional Patent Application No. 63/109,734, filed
November 4, 2020, which are all incorporated herein by reference in its entireties. These
documents also describe other AAV capsids which may be selected for generating rAAYV and
are incorporated by reference. Among the AAVs isolated or engineered from human or non-
human primates (NHP) and well characterized, human AAV?2 is the first AAV that was
developed as a gene transfer vector; it has been widely used for efficient gene transfer
experiments in different target tissues and animal models.

As used herein, relating to AAV, the term “variant” means any AAV sequence which
is derived from a known AAYV sequence, including those with a conservative amino acid
replacement, and those sharing at least 90%, at least 95%. at least 97%, at least 99% or

greater sequence identity over the amino acid or nucleic acid sequence. In another
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embodiment, the AAV capsid includes variants which may include up to about 10% variation
from any described or known AAYV capsid sequence. That is, the AAV capsid shares about
90% identity to about 99.9 % identity, about 95% to about 99% identity or about 97% to
about 98% identity to an AAV capsid provided herein and/or known in the art. In one
embodiment, the AAV capsid shares at least 95% identity with an AAV capsid. When
determining the percent identity of an AAV capsid, the comparison may be made over any of
the variable proteins (e.g., vpl, vp2, or vp3).

In one embodiment, the viral vector is an tAAV having the capsid of AAV8 ora
functional variant thereof. In one embodiment, the viral vector is an rAAV having the capsid
of AAVrh91 or a functional variant thereof. In one embodiment, the viral vector is an rAAV
having the capsid of AAV3.AR.2.12 or a functional variant thereof. In one embodiment, the
viral vector is an rAAYV having a capsid selected from AAV9, AAVrh64R1, AAVhu37, or
AAVTh10.

In certain embodiments, a novel isolated AAVrh91 capsid is provided. A nucleic acid
sequence encoding the AAVrh91 capsid is provided in SEQ ID NO: 31 and the encoded
amino acid sequence is provided in SEQ ID NO: 32. Provided herein is an rAAV comprising
at least one of the vpl, vp2 and the vp3 of AAVrh91 (SEQ ID NO: 32). Also provided herein
are TAAV comprising an AAV capsid encoded by at least one of the vpl, vp2 and the vp3 of
AAVrh91 (SEQ ID NO: 31). In yet another embodiment, a nucleic acid sequence encoding
the AAVrh91 amino acid sequence is provided in SEQ ID NO: 19 and the encoded amino
acid sequence is provided in SEQ ID NO: 32. Also provided herein are rAAV comprising an
AAY capsid encoded by at least one of the vpl, vp2 and the vp3 of AAVrh9leng (SEQ ID
NO: 19). In certain embodiments, the vpl, vp2 and/or vp3 is the full-length capsid protein of
AAVrhI1 (SEQ ID NO: 32). In other embodiments, the vpl, vp2 and/or vp3 has an N-
terminal and/or a C-terminal truncation (e.g., truncation(s) of about 1 to about 10 amino
acids).

In certain embodiments, an AAVrh91 capsid is characterized by one or more of the
following: (1) AAVrh91 capsid proteins comprising: a heterogeneous population of
AAVrh91 vpl proteins selected from: vpl proteins produced by expression from a nucleic
acid sequence which encodes the predicted amino acid sequence of 1 to 736 of SEQ ID NO:

32, vpl proteins produced from SEQ ID NO: 31, or vpl proteins produced from a nucleic
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acid sequence at least 70% identical to SEQ ID NO: 31 which encodes the predicted amino
acid sequence of 1 to 736 of SEQ ID NO: 32, a heterogeneous population of AAVrho1 vp2
proteins selected from: vp2 proteins produced by expression from a nucleic acid sequence
which encodes the predicted amino acid sequence of at least about amino acids 138 to 736 of
SEQ ID NO: 32, vp2 proteins produced from a sequence comprising at least nucleotides 412
to 2208 of SEQ ID NO: 31, or vp2 proteins produced from a nucleic acid sequence at least
70% identical to at least nucleotides 412 to 2208 of SEQ ID NO: 31 which encodes the
predicted amino acid sequence of at least about amino acids 138 to 736 of SEQ ID NO: 32, a
heterogeneous population of AAVrh91 vp3 proteins selected from: vp3 proteins produced by
expression from a nucleic acid sequence which encodes the predicted amino acid sequence of
at least about amino acids 203 to 736 of SEQ ID NO: 32, vp3 proteins produced from a
sequence comprising at least nucleotides 607 to 2208 of SEQ ID NO: 31, or vp3 proteins
produced from a nucleic acid sequence at least 70% identical to at least nucleotides 607 to
2208 of SEQ ID NO: 31 which encodes the predicted amino acid sequence of at least about
amino acids 203 to 736 of SEQ ID NO: 32; and/or (2) a heterogeneous population of vpl
proteins which are the product of a nucleic acid sequence encoding the amino acid sequence
of SEQ ID NO: 32, a heterogeneous population of vp2 proteins which are the product of a
nucleic acid sequence encoding the amino acid sequence of at least about amino acids 138 to
736 of SEQ ID NO: 32, and a heterogeneous population of vp3 proteins which are the
product of a nucleic acid sequence encoding at least amino acids 203 to 736 of SEQ ID NO:
32, wherein: the vpl, vp2 and vp3 proteins contain subpopulations with amino acid
modifications comprising at least two highly deamidated asparagines (N) in asparagine —
glycine pairs in SEQ 1D NO: 32 and optionally further comprising subpopulations comprising
other deamidated amino acids, wherein the deamidation results in an amino acid change; and
(B) a vector genome in the AAVrh91 capsid, the vector genome comprising a nucleic acid
molecule comprising AAV inverted terminal repeat sequences and a non-AAYV nucleic acid
sequence encoding a product operably linked to sequences which direct expression of the
product in a host cell.

In certain embodiments, an AAVrh91 capsid is characterized by one or more of the
following: (1) AAVrh91 capsid proteins comprising: a heterogeneous population of

AAVTh91 vpl proteins selected from: vpl proteins produced by expression from a nucleic
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acid sequence which encodes the predicted amino acid sequence of 1 to 736 of SEQ ID NO:
32, vp1 proteins produced from SEQ ID NO: 19, or vp1 proteins produced from a nucleic
acid sequence at least 70% identical to SEQ ID NO: 19 which encodes the predicted amino
acid sequence of 1 to 736 of SEQ ID NO: 32, a heterogeneous population of AAVrh91 vp2
proteins selected from: vp2 proteins produced by expression from a nucleic acid sequence
which encodes the predicted amino acid sequence of at least about amino acids 138 to 736 of
SEQ ID NO: 32, vp2 proteins produced from a sequence comprising at least nucleotides 412
to 2208 of SEQ ID NO: 19, or vp2 proteins produced from a nucleic acid sequence at least
70% identical to at least nucleotides 412 to 2208 of SEQ ID NO: 19 which encodes the
predicted amino acid sequence of at least about amino acids 138 to 736 of SEQ ID NO: 32, a
heterogeneous population of AAVrh91 vp3 proteins selected from: vp3 proteins produced by
expression from a nucleic acid sequence which encodes the predicted amino acid sequence of
at least about amino acids 203 to 736 of SEQ ID NO: 32, vp3 proteins produced from a
sequence comprising at least nucleotides 607 to 2208 of SEQ ID NO: 19, or vp3 proteins
produced from a nucleic acid sequence at least 70% identical to at least nucleotides 607 to
2208 of SEQ ID NO: 19 which encodes the predicted amino acid sequence of at least about
amino acids 203 to 736 of SEQ ID NO: 32; and/or (2) a heterogeneous population of vpl
proteins which are the product of a nucleic acid sequence encoding the amino acid sequence
of SEQ ID NO: 32, a heterogeneous population of vp2 proteins which are the product of a
nucleic acid sequence encoding the amino acid sequence of at least about amino acids 138 to
736 of SEQ ID NO: 32, and a heterogeneous population of vp3 proteins which are the
product of a nucleic acid sequence encoding at least amino acids 203 to 736 of SEQ ID NO:
32, wherein: the vpl, vp2 and vp3 proteins contain subpopulations with amino acid
modifications comprising at least two highly deamidated asparagines (N) in asparagine —
glycine pairs in SEQ ID NO: 32 and optionally further comprising subpopulations comprising
other deamidated amino acids, wherein the deamidation results in an amino acid change; and
(B) a vector genome in the AAVrh91 capsid, the vector genome comprising a nucleic acid
molecule comprising AAV inverted terminal repeat sequences and a non-AAV nucleic acid
sequence encoding a product operably linked to sequences which direct expression of the

product in a host cell.
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In certain embodiments, the AAVrh91 vpl, vp2 and vp3 proteins contain

subpopulations with amino acid modifications comprising at least two highly deamidated

asparagines (N) in asparagine — glycine pairs in SEQ ID NO: 32 and optionally further

comprising subpopulations comprising other deamidated amino acids, wherein the

deamidation results in an amino acid change. High levels of deamidation at N-G pairs N57,

N383 and/or N512 are observed, relative to the number of SEQ ID NO: 32. Deamidation has

been observed in other residues. In certain embodiments, AAVrh91 may have other residues

deamidated, e.g., typically at less than 10% and/or may have other modifications, including

phosphorylation (e.g., where present, in the range of about 2 to about 30%, or about 2 to

about 20%, or about 2 to about 10%) (e.g., at S149), or oxidation (e.g., at one or more of

~W22, ~M211, W247, M403, M435, M471, W478, W503, ~M537, ~M541, ~M559, ~M599,

M635, and/or, W695). Optionally the W may oxidize to kynurenine.
Table A — AAVrh91 Deamidation

AAVrh9l % Deamidation

Deamidation based

on VP1 numbering

N57+Deamidation 65-90, 70-95, 80-95, 75-100, 80-100, or 90-100
N94+Deamidation 2-15 or 2-5

N303+Deamidation | 2-15 or 5-10

N383+Deamidation | 65-90, 70-95, 80-95, 75-100, 80-100, or 90-100
N497+Deamidation | 2-15 or 5-10

N5124+Deamidation | 65-90, 70-95, 80-95, 75-100, 80-100, or 90-100
~N691+Deamidation | 2-15, 2-10, or 5-10

In certain embodiments, an AAVrh91 capsid is modified in one or more of the

positions identified in the preceding table, in the ranges provided, as determined using mass

spectrometry with a trypsin enzyme. In certain embodiments, one or more of the positions, or
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the glycine following the N is modified as described herein. Residue numbers are based on
the AAVTh91 sequence provided herein. See, SEQ 1D NO: 32.

In certain embodiments, an AAVrh91 capsid comprises: a heterogeneous population
of vpl proteins which are the product of a nucleic acid sequence encoding the amino acid
sequence of SEQ ID NO: 32, a heterogeneous population of vp2 proteins which are the
product of a nucleic acid sequence encoding the amino acid sequence of at least about amino
acids 138 to 736 of SEQ ID NO: 32, and a heterogeneous population of vp3 proteins which
are the product of a nucleic acid sequence encoding at least amino acids 203 to 736 of SEQ
ID NO: 32.

In certain embodiments, the modified AAVrh91 nucleic acid sequences is be used to
generate a mutant rAAV having a capsid with lower deamidation than the native AAVrh91
capsid. Such mutant rAAV may have reduced immunogenicity and/or increase stability on
storage, particularly storage in suspension form.

In one aspect, a recombinant AAV (tAAYV) is provided. The rAAV includes an AAV
capsid from adeno-associated virus th91, and a vector genome packaged in the AAV capsid,
said vector genome comprising AAV inverted terminal repeats (ITRs), a coding sequence for
the GLP-2 receptor agonist of SEQ ID NO: 14, and regulatory sequences which direct
expression of the GLP-2 receptor agonist.

In certain embodiments, an AAV68 capsid is further characterized by one or more of
the following. AAV hu68 capsid proteins comprise: AAVhu68 vpl proteins produced by
expression from a nucleic acid sequence which encodes the predicted amino acid sequence of
1to 736 of SEQ ID NO: 55, vpl proteins produced from SEQ ID NO: 53 or 54, or vpl
proteins produced from a nucleic acid sequence at least 70% identical to SEQ 1D NO: 53 or
54 which encodes the predicted amino acid sequence of 1 to 736 of SEQ ID NO: 55;
AAVhu68 vp2 proteins produced by expression from a nucleic acid sequence which encodes
the predicted amino acid sequence of at least about amino acids 138 to 736 of SEQ ID NO:
53, vp2 proteins produced from a sequence comprising at least nucleotides 412 to 2211 of
SEQ ID NO: 53 or 54, or vp2 proteins produced from a nucleic acid sequence at least 70%
identical to at least nucleotides 412 to 2211 of SEQ ID NO: 53 or 54 which encodes the
predicted amino acid sequence of at least about amino acids 138 to 736 of SEQ ID NO: 55,

and/or AAVhu68 vp3 proteins produced by expression from a nucleic acid sequence which
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encodes the predicted amino acid sequence of at least about amino acids 203 to 736 of SEQ
ID NO: 55, vp3 proteins produced from a sequence comprising at least nucleotides 607 to
2211 of SEQ ID NO: 53 or 54, or vp3 proteins produced from a nucleic acid sequence at least
70% identical to at least nucleotides 607 to 2211 of SEQ ID NO: 53 or 54 which encodes the
predicted amino acid sequence of at least about amino acids 203 to 736 of SEQ ID NO: 55.

Additionally or alternatively, an AAV capsid is provided which comprise a
heterogenous population of vpl proteins optionally comprising a valine at position 157, a
heterogenous population of vp2 proteins optionally comprising a valine at position 157, and a
heterogenous population of vp3 proteins, wherein at least a subpopulation of the vpl and vp2
proteins comprise a valine at position 157 and optionally further comprising a glutamic acid
at position 67 based on the numbering of the vpl capsid of SEQ ID NO: 55. Additionally or
alternatively, an AAVhu68 capsid is provided which comprises a heterogenous population of
vpl proteins which are the product of a nucleic acid sequence encoding the amino acid
sequence of SEQ ID NO: 55, a heterogenous population of vp2 proteins which are the
product of a nucleic acid sequence encoding the amino acid sequence of at least about amino
acids 138 to 736 of SEQ ID NO: 55, and a heterogenous population of vp3 proteins which are
the product of a nucleic acid sequence encoding at least amino acids 203 to 736 of SEQ ID
NO: 55, wherein: the vpl, vp2 and vp3 proteins contain subpopulations with amino acid
modifications

The AAVhu68 vpl, vp2 and vp3 proteins are typically expressed as alternative splice
variants encoded by the same nucleic acid sequence which encodes the full-length vpl amino
acid sequence of SEQ ID NO: 55 (amino acid 1 to 736). Optionally the vpl-encoding
sequence is used alone to express the vpl, vp2 and vp3 proteins. Alternatively, this sequence
may be co-expressed with one or more of a nucleic acid sequence which encodes the
AAVhu68 vp3 amino acid sequence of SEQ ID NO: 55 (about aa 203 to 736) without the
vpl-unique region (about aa 1 to about aa 137) and/or vp2-unique regions (about aa 1 to
about aa 202), or a strand complementary thereto, the corresponding mRNA or tRNA (about
nt 607 to about nt 2211 of SEQ ID NO: 53 or 54), or a sequence at least 70% to at least 99%
(e.g., at least 85%, at least 90%, at least 95%, at least 97%, at least 98% or at least 99%)
identical to SEQ ID NO: 53 or 54 which encodes aa 203 to 736 of SEQ ID NO: 55.

Additionally, or alternatively, the vpl-encoding and/or the vp2-encoding sequence may be
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co-expressed with the nucleic acid sequence which encodes the AAVhu68 vp2 amino acid
sequence of SEQ ID NO: 55 (about aa 138 to 736) without the vpl-unique region (about aa 1
to about 137), or a strand complementary thereto, the corresponding mRNA or tRNA (nt 412
to 2212 of SEQ ID NO: 53 or 54), or a sequence at least 70% to at least 99% (e.g., at least
85%, at least 90%, at least 95%, at least 97%, at least 98% or at least 99%) identical to SEQ
ID NO: 53 or 54 which encodes about aa 138 to 736 of SEQ ID NO: 55.

As described herein, a rAAVhu68 has a rAAVhu68 capsid produced in a production
system expressing capsids from an AAVhu68 nucleic acid which encodes the vpl amino acid
sequence of SEQ ID NO: 55, and optionally additional nucleic acid sequences, e.g., encoding
a vp3 protein free of the vpl and/or vp2-unique regions. The rAAVhu68 resulting from
production using a single nucleic acid sequence vpl produces the heterogenous populations
of vpl proteins, vp2 proteins and vp3 proteins. More particularly, the AAVhu68 capsid
contains subpopulations within the vpl proteins, within the vp2 proteins and within the vp3
proteins which have modifications from the predicted amino acid residues in SEQ ID NO: 55.
These subpopulations include, at a minimum, deamidated asparagine (N or Asn) residues. For
example, asparagines in asparagine - glycine pairs are highly deamidated.

In one embodiment, the AAVhu68 vpl nucleic acid sequence has the sequence of
SEQ ID NO: 53 or 54, or a strand complementary thereto, e.g., the corresponding mRNA or
tRNA. In certain embodiments, the vp2 and/or vp3 proteins may be expressed additionally or
alternatively from different nucleic acid sequences than the vpl, e.g., to alter the ratio of the
vp proteins in a selected expression system. In certain embodiments, also provided is a
nucleic acid sequence which encodes the AAVhu68 vp3 amino acid sequence of SEQ ID NO:
55 (about aa 203 to 736) without the vpl-unique region (about aa 1 to about aa 137) and/or
vp2-unique regions (about aa 1 to about aa 202), or a strand complementary thereto, the
corresponding mRNA or tRNA (about nt 607 to about nt 2211 of SEQ ID NO: 53 or 54). In
certain embodiments, also provided is a nucleic acid sequence which encodes the AAVhu68
vp2 amino acid sequence of SEQ ID NO: 55 (about aa 138 to 736) without the vpl-unique
region (about aa 1 to about 137), or a strand complementary thereto, the corresponding
mRNA or tRNA (nt 412 to 2211 of SEQ ID NO: 53 or 54).

However, other nucleic acid sequences which encode the amino acid sequence of

SEQ ID NO: 55 may be selected for use in producing rAAVhu68 capsids. In certain

36



10

WO 2023/168405 PCT/US2023/063681

embodiments, the nucleic acid sequence has the nucleic acid sequence of SEQ ID NO: 53 or
54 or a sequence at least 70% to 99% identical, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, at least 99%, identical to SEQ ID NO: 53 or 54 which
encodes SEQ ID NO: 55. In certain embodiments, the nucleic acid sequence has the nucleic
acid sequence of SEQ ID NO: 53 or 54 or a sequence at least 70% to 99.%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 99%, identical to
about nt 412 to about nt 2211 of SEQ ID NO: 53 or 54 which encodes the vp2 capsid protein
(about aa 138 to 736) of SEQ ID NO: 55. In certain embodiments, the nucleic acid sequence
has the nucleic acid sequence of about nt 607 to about nt 2211 of SEQ ID NO: 53 or 54 or a
sequence at least 70% to 99.%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 99%, identical to nt SEQ ID NO: 53 or 54 which encodes the vp3
capsid protein (about aa 203 to 736) of SEQ ID NO: 55.

Deamidation Average % Based on VP1/VP2/VP3
Based on Predicted Proteins in AAVhu68 Capsid
AAVHu68 [SEQ ID NO: 55]
Deamidated Residue + 1 Broad Narrow Ranges (%)
(Neighboring AA) Range of
Percentages (%)
N57 78 to 100% 80 1o 100, 85 to 97
(N-G)
N66 Ot3 0,105
(N-E)
N94 Oto 15, 0,1t015,51012,8
(N-H)
N113 Oto2 0,1to2
(N-L)
~N253 10 to 25 151022
(N-N)
Q259 042 10 t0 40, 20 to 35
(Q-D
~N270 12 to 30 151028
(N-D)
~N304 Oto 5 lto4
(N-N) (position 303 also
N)
N319 Oto5 0,1t05,1t03
(N-D
N329 * 65 to 100 70 to 95, 85 to 95,
(N-G)*(position 328 80 to 100, 85 to 100,
also N)
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Deamidation Average % Based on VP1/VP2/VP3
Based on Predicted Proteins in AAVhu68 Capsid
AAVHu68 [SEQ ID NO: 55]
Deamidated Residue + 1 Broad Narrow Ranges (%)
{Neighboring AA) Range of
Percentages (%)
N336 0to 100 0, 1to 10, 25 to 100,
(N-N) 30 to 100, 30 to 95
~N409 15 to 30 20 0 25
(N-N)
N452 75 to 100 80 to 100, 90 to 100,
(N-G) 95 to 100,
N477 0to8 0,1to5
(N-Y)
N512 65 to 100 70 to 95, 85 to 95,
(N-G) 80 to 100, 85 to 100,
~N515 0to 25 0,1to 10, 5to 25,
(N-S) 15t0 25
~Q599 1to 20 2t020,5t0 15
(Asn-Q-Gly)
N628 Ot 10 0,1t010,2108
(N-F)
N651 Ot3 0,1t03
(N-T)
N663 Oto5 0,1t05,2t04
(N-K)
N709 0to25 0,1t022,15t025
(N-N)
N735 0to 40 0. 1to 35,5 to 50,
20 to 35

In certain embodiments, the AAVhu68 capsid is characterized, by having, capsid

proteins in which at least 45% of N residues are deamidated at least one of positions N57,
N329, N452, and/or N512 based on the numbering of amino acid sequence of SEQ ID NO:
55. In certain embodiments, at least about 60%, at least about 70%, at least about 80%, or at
least 90% of the N residues at one or more of these N-G positions (i.e., N57, N329, N452,

and/or N512, based on the numbering of amino acid sequence of SEQ ID NO: 55) are

deamidated. In these and other embodiments, an AAVhu68 capsid is further characterized by

having a population of proteins in which about 1% to about 20% of the N residues have

deamidations at one or more of positions: N94, N253, N270, N304, N409, N477, and/or

Q599, based on the numbering of amino acid sequence of SEQ ID NO: 55. In certain
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embodiments, the AAVhu68 comprises at least a subpopulation of vpl, vp2 and/or vp3
proteins which are deamidated at one or more of positions N35, N57, N66, N94, N113, N252,
N253, Q259, N270, N303, N304, N305, N319, N32§, N329, N336, N409, N410, N452,
N477, N515, N598, Q599, N628, N651, N663, N709, N735, based on the numbering of
amino acid sequence of SEQ ID NO: 55, or combinations thereof. In certain embodiments,
the capsid proteins may have one or more amidated amino acids.

In another embodiment a recombinant adeno-associated virus (rAAYV) is provided that
has an AAVhu68 capsid and a vector genome, wherein (a) the AAV hu68 capsid comprises a
heterogenous population of AAVhu68 vpl proteins, a heterogenous population of AAVhu63
vp2 proteins; and a heterogenous population of AAVhu68 vp3 proteins, wherein the
heterogenous AAVhu68 vpl, AAVhu68 vp2 and AAVhu68 vp3 proteins contain
subpopulations with amino acid modifications comprising 50% to 100% deamidation in at
least two asparagines (N) in asparagine - glycine pairs in two or more of N57, N329, N452,
N512 of SEQ ID NO: 55 as determined using mass spectrometry and optionally further
comprising subpopulations comprising other deamidated amino acids, wherein the
deamidation results in an amino acid change, wherein the deamidated asparagines are
deamidated to aspartic acid, isoaspartic acid, an interconverting aspartic acid/isoaspartic acid
pair, or combinations thereof, wherein the AAVhu68 capsid further comprises subpopulations
having one or more of:

at least 65% of asparagines (N) in asparagine - glycine pairs located at positions N57
of the vpl proteins are deamidated, based on the numbering of SEQ ID NO: 55;

at least 75% of N in asparagine - glycine pairs in position N329 of the vpl, v2 and
vp3 proteins are deamidated, based on the residue numbering of the amino acid sequence of
SEQ ID NO: 55,

at least 50% of N in asparagine - glycine pairs in position N452 of the vpl, v2 and
vp3 proteins are deamidated, based on the residue numbering of the amino acid sequence of
SEQ ID NO: 55; and/or

at least 75% of N in asparagine - glycine pairs in position N512 of the vpl, v2 and
vp3 proteins are deamidated, based on the residue numbering of the amino acid sequence of

SEQID NO: 55, and
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a vector genome in the AAVhu68 capsid, the vector genome comprising a nucleic
acid molecule comprising AAV inverted terminal repeat sequences and a non-AAV nucleic
acid sequence encoding a GLP-2 fusion as described herein operably linked to sequences
which direct expression of GLP-2 fusion in a target cell.

In one embodiment, the rAAV is an sScAAV. The abbreviation “sc” refers to self-
complementary. “Self-complementary AAV” refers a plasmid or vector having an expression
cassette in which a coding region carried by a recombinant AAV nucleic acid sequence has
been designed to form an intra-molecular double-stranded DNA template. Upon infection,
rather than waiting for cell mediated synthesis of the second strand, the two complementary
halves of scAAV will associate to form one double stranded DNA (dsDNA) unit that is ready
for immediate replication and transcription. See, e.g., D M McCarty et al, “Self-
complementary recombinant adeno-associated virus (scAAV) vectors promote efficient
transduction independently of DNA synthesis”, Gene Therapy, (August 2001), Vol 8,
Number 16, Pages 1248-1254. Self-complementary AAVs are described in, e.g., U.S. Patent
Nos. 6,596,535; 7,125,717; and 7,456,683, each of which is incorporated herein by reference
in its entirety.

In one embodiment, the nucleic acid sequences encoding the GLP-2 constructs
described herein are engineered into any suitable genetic element, e.g., naked DNA, phage,
transposon, cosmid, RNA molecule (e.g., mRNA), episome, etc., which transfers the GLP-2
sequences carried thereon to a host cell, e.g., for generating nanoparticles carrying DNA or
RNA, viral vectors in a packaging host cell and/or for delivery to a host cell in a subject. In
one embodiment, the genetic element is a plasmid. The selected genetic element may be
delivered by any suitable method, including transfection, electroporation, liposome delivery,
membrane fusion techniques, high velocity DNA-coated pellets, viral infection and protoplast
fusion. The methods used to make such constructs are known to those with skill in nucleic
acid manipulation and include genetic engineering, recombinant engineering, and synthetic
techniques. See, e.g., Green and Sambrook, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Press, Cold Spring Harbor, NY (2012).

As used herein, the term “host cell” may refer to the packaging cell line in which a
vector (e.g., a recombinant AAV or rAAYV) is produced from a production plasmid. In the

alternative, the term “host cell” may refer to any target cell in which expression of a gene
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product described herein is desired. Thus, a “host cell,” refers to a prokaryotic or eukaryotic
cell (e.g., bacterial cell, human cell or insect cell) that contains exogenous or heterologous
DNA that has been introduced into the cell by any means, e.g., electroporation, calcium
phosphate precipitation, microinjection, transformation, viral infection, transfection, liposome
delivery, membrane fusion techniques, high velocity DNA-coated pellets, viral infection and
protoplast fusion. In certain embodiments herein, the term *“host cell” refers to cultures of
cells of various mammalian species for in vitro assessment of the compositions described
herein. In other embodiments herein, the term “host cell” refers to the cells employed to
generate and package the viral vector or recombinant virus. In a further embodiment, the term
“host cell” is an intestine cell, a small intestine cell, a pancreatic cell, a liver cell.

As used herein, the term “target cell” refers to any target cell in which expression of a
heterologous nucleic acid sequence or protein is desired. In certain embodiments, the target
cell is a liver cell. In other embodiments, the target cell is a muscle cell.

In one embodiment, the rAAYV is provided which comprises a vector genome
comprising an expression cassette, wherein the expression cassette comprises a CMV
promoter, the activation domain is a FKBP12-rapamycin binding (FRB) domain of human
FKBP12-rapamycin-associated protein (FRAP) fused to a carboxy terminus from the p65
subunit of NF-kappa B from a human, GT2A_V1 peptide, ZFHD1 DNA binding domain,
three FKBP subunits, an hGH poly A, 12XZFHD, a minimal sIL.2 promoter, coding sequence
for the GLP-2 fusion protein of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and rabbit beta globin
polyA. In another embodiment, the rAAV is provide which comprises a vector genome
comprising an expression cassette, wherein the expression cassette comprises a CMV
promoter, the activation domain is a FKBP12-rapamycin binding (FRB) domain of human
FKBP12-rapamycin-associated protein (FRAP) fused to a carboxy terminus from the p65
subunit of NF-kappa B from a human, GT2A_V2 peptide, ZFHD1 DNA binding domain,
three FKBP subunits, an hGH poly A, 12XZFHD, a minimal sIL2 promoter, coding sequence
for the GLP-2 fusion protein of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and rabbit beta globin
polyA.

In one embodiment, the rAAYV is provided which comprises a vector genome
comprising an expression cassette, wherein the expression cassette comprises a CB7

promoter, chicken beta-actin intron, coding sequence for the fusion protein of SEQ ID NO:
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13,15, 17, 19, 21, or 23, a rabbit globin poly A, and a 3’ ITR. In another embodiment, the
rAAYV is provided which comprises a vector genome comprising an expression cassette,
wherein the expression cassette comprises a CMV promoter, the activation domain is a
FKBP12-rapamycin binding (FRB) domain of human FKBP12-rapamycin-associated protein
(FRAP) fused to a carboxy terminus from the p65 subunit of NF-kappa B from a human,
IRES, ZFHD1 DNA binding domain, three FKBP subunits, an hGH poly A, 8XZFHD, a
minimal sIL2 promoter, coding sequence for the GLP-2 fusion protein of SEQ ID NO: 13,
15,17, 19, 21, or 23and rabbit beta globin poly A.

In another embodiment, a two vector inducible system is provided. In one
embodiment, the first tTAAYV is provided which comprises a vector genome comprising an
expression cassette, wherein the expression cassette comprises a 12XZFHD, a minimal IL.2
promoter, coding sequence for the GLP-2 fusion protein of SEQ ID NO: 13, 15, 17, 19, 21, or
23, and rabbit beta globin polyA. A stuffer sequence may be included to increase the
packaging size of the vector. The second TAAV comprises a vector genome comprising an
expression cassette, wherein the expression cassette comprises a polynucleotide comprising a
CMYV promoter, an intron, the activation domain is a FKBP12-rapamycin binding (FRB)
domain of human FKBP12-rapamycin-associated protein (FRAP) fused to a carboxy
terminus from the p65 subunit of NF-kappa B from a human, IRES, ZFHD1 DNA binding
domain, and a polyA.

In one embodiment, an rAAYV includes a vector genome that includes an expression
cassette that includes a polynucleotide comprising a CB7 promoter, chicken beta-actin intron,
coding sequence for the fusion protein of SEQ ID NO: 13, 15, 17, 19, 21, or 23, and a rabbit
globin poly A.

The minimal sequences required to package the expression cassette into an AAV viral
particle are the AAV 5° and 3’ ITRs, which may be of the same AAV origin as the capsid, or
of a different AAV origin (to produce an AAV pseudotype). In one embodiment, the ITR
sequences from AAV?2, or the deleted version thereof (AITR), are used for convenience and
to accelerate regulatory approval. However, ITRs from other AAV sources may be selected.
Preferably, the source of the ITRs is the same as the source of the Rep protein, which is
provided in trans for production. Typically, an expression cassette for an AAV vector

comprises an AAV 5’ ITR, the GLP-2 fusion protein coding sequences and any regulatory
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sequences, and an AAV 3’ ITR. However, other configurations of these elements may be
suitable. A shortened version of the 5° ITR, termed ATTR, has been described in which the D-
sequence and terminal resolution site (trs) are deleted. In other embodiments, the full-length
AAYV 5’ and 3’ ITRs are used.

For packaging an expression cassette into virions, the ITRs are the only AAV
components required in cis in the same construct as the gene. In one embodiment, the coding
sequences for the replication (rep) and/or capsid (cap) are removed from the AAV genome
and supplied in trans or by a packaging cell line in order to generate the AAV vector. For
example, as described above, a pseudotyped AAYV may contain ITRs from a source which
differs from the source of the AAYV capsid. In one embodiment, a chimeric AAYV capsid may
be utilized. Still other AAV components may be selected. Sources of such AAV sequences
are described herein and may also be isolated or obtained from academic, commercial, or
public sources (e.g., the American Type Culture Collection, Manassas, VA). The AAV
sequences may be obtained through synthetic or other suitable means by reference to
published sequences such as are available in the literature or in databases such as, e.g.,
GenBank®, PubMed®, or the like.

Methods for generating and isolating AAYV viral vectors suitable for delivery to a
subject are known in the art. See, e.g., US Patent 7790449; US Patent 7282199; WO
2003/042397; WO 2005/033321, WO 2006/110689; and US 7588772 B2]. In a one system, a
producer cell line is transiently transfected with a construct that encodes the transgene
flanked by ITRs and a construct(s) that encodes rep and cap. In a second system, a packaging
cell line that stably supplies rep and cap is transiently transfected with a construct encoding
the transgene flanked by ITRs. In each of these systems, AAYV virions are produced in
response to infection with helper adenovirus or herpesvirus, requiring the separation of the
rAAVs from contaminating virus. More recently, systems have been developed that do not
require infection with helper virus to recover the AAYV - the required helper functions (i.e.,
adenovirus El, E2a, VA, and E4 or herpesvirus ULS5, ULS8, UL52, and UL29, and herpesvirus
polymerase) are also supplied, in trans, by the system. In these newer systems, the helper
functions can be supplied by transient transfection of the cells with constructs that encode the
required helper functions, or the cells can be engineered to stably contain genes encoding the

helper functions, the expression of which can be controlled at the transcriptional or
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posttranscriptional level. In yet another system, the transgene flanked by ITRs and rep/cap
genes are introduced into insect cells by infection with baculovirus-based vectors. For
reviews on these production systems, see generally, e.g., Zhang et al., 2009, “Adenovirus-
adeno-associated virus hybrid for large-scale recombinant adeno-associated virus
production,” Human Gene Therapy 20:922-929, the contents of each of which is incorporated
herein by reference in its entirety. Methods of making and using these and other AAV
production systems are also described in the following U.S. patents, the contents of each of
which is incorporated herein by reference in its entirety: 5,139,941; 5,741,683; 6,057,152;
6,204,059; 6,268,213; 6,491,907; 6,660,514; 6,951,753; 7,094,604; 7,172,893; 7,201,898;
7,229,823; and 7,439,065. See generally, e.g., Grieger & Samulski, 2005, “Adeno-associated
virus as a gene therapy vector: Vector development, production and clinical applications,”
Adv. Biochem. Engin/Biotechnol. 99: 119-145; Buning et al., 2008, “Recent developments in
adeno-associated virus vector technology,” J. Gene Med. 10:717-733; and the references
cited below, each of which is incorporated herein by reference in its entirety. The methods
used to construct any embodiment of this invention are known to those with skill in nucleic
acid manipulation and include genetic engineering, recombinant engineering, and synthetic
techniques. See, e.g., Green and Sambrook et al, Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Press, Cold Spring Harbor, NY (2012). Similarly, methods of generating
TAAYV virions are well known and the selection of a suitable method is not a limitation on the
present invention. See, e.g., K. Fisher et al, (1993) J. Virol., 70:520-532 and US Patent No.
5,478,745.

The rAAYV described herein comprise a selected capsid with a vector genome
packaged inside. The vector genome (or rAAY genome) comprises 5’ and 3° AAYV inverted
terminal repeats {ITRs), the polynucleotide sequence encoding the fusion protein, and
regulatory sequences which direct insertion of the polynucleotide sequence encoding the
fusion protein to the genome of a host cell. In one embodiment, the vector genome is the
sequence shown in SEQ ID NO: 16 or a sequence sharing at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at least 99% identity therewith.

As used herein, a “vector genome” refers to the nucleic acid sequence packaged inside
a parvovirus (e.g., TAAV) capsid which forms a viral particle. Such a nucleic acid sequence

contains AAYV inverted terminal repeat sequences (ITRs). In the examples herein, a vector
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genome contains, at a minimum, from 5’ to 3’, an AAV 5’ ITR, coding sequence(s) (i.e.,
transgene(s)), and an AAV 3’ ITR. ITRs from AAV?2, a different source AAV than the
capsid, or other than full-length ITRs may be selected. In certain embodiments, the ITRs are
from the same AAYV source as the AAV which provides the rep function during production or
a transcomplementing AAV. Further, other ITRs, e.g., self-complementary (scAAV) ITRs,
may be used. Both single-stranded AAYV and self-complementary (sc) AAV are encompassed
with the rAAV. The transgene is a nucleic acid coding sequence, heterologous to the vector
sequences, which encodes a polypeptide, protein, functional RNA molecule (e.g., miRNA,
miRNA inhibitor) or other gene product, of interest. The nucleic acid coding sequence is
operatively linked to regulatory components in a manner which permits transgene
transcription, translation, and/or expression in a cell of a target tissue. Suitable components of
a vector genome are discussed in more detail herein. In one example, a ““vector genome”
contains, at a minimum, from 5’ to 3’, a vector-specific sequence, a nucleic acid sequence
encoding GLP-2 constructs operably linked to regulatory control sequences (which direct
their expression in a target cell), where the vector-specific sequence may be a terminal repeat
sequence which specifically packages the vector genome into a viral vector capsid or
envelope protein. For example, AAYV inverted terminal repeats are utilized for packaging into
AAY and certain other parvovirus capsids.

The AAYV sequences of the vector typically comprise the cis-acting 5" and 3’ inverted
terminal repeat sequences (See, e.g., B. J. Carter, in “‘Handbook of Parvoviruses™, ed., P.
Tijsser, CRC Press, pp. 155 168 (1990)). The I'TR sequences are about 145 bp in length.
Preferably, substantially the entire sequences encoding the ITRs are used in the molecule,
although some degree of minor modification of these sequences is permissible. The ability to
modify these ITR sequences is within the skill of the art. (See, e.g., texts such as Sambrook et
al, “Molecular Cloning. A Laboratory Manual”, 2d ed., Cold Spring Harbor Laboratory, New
York (1989); and K. Fisher et al., J. Virol., 70:520 532 (1996)). An example of such a
molecule employed in the present invention is a “cis-acting” plasmid containing the
transgene, in which the selected transgene sequence and associated regulatory elements are
flanked by the 5' and 3" AAV I'TR sequences. In one embodiment, the ITRs are from an AAV
different than that supplying a capsid. In one embodiment, the ITR sequences from AAV2.

However, ITRs from other AAV sources may be selected. A shortened version of the 5° ITR,
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termed AITR, has been described in which the D-sequence and terminal resolution site (trs)
are deleted. In certain embodiments, the vector genome includes a shortened AAV2 I'TR of
130 base pairs, wherein the external A elements is deleted. Without wishing to be bound by
theory, it is believed that the shortened ITR reverts back to the wild-type length of 145 base
pairs during vector DNA amplification using the internal (A’) element as a template. In other
embodiments, full-length AAV 5° and 3’ ITRs are used. Where the source of the ITRs is from
AAV2 and the AAV capsid is from another AAV source, the resulting vector may be termed
pseudotyped. However, other configurations of these elements may be suitable.

Optionally, the GLP-2 constructs described herein may be delivered via viral vectors
other than rAAYV. Such other viral vectors may include any virus suitable for gene therapy,
including but not limited to adenovirus; herpes virus; lentivirus; retrovirus; etc. Suitably,
where one of these other vectors is generated, it is produced as a replication-defective viral
vector.

A “replication-defective virus” or “viral vector” refers to a synthetic or artificial viral
particle in which an expression cassette containing a gene of interest is packaged in a viral
capsid or envelope, where any viral genomic sequences also packaged within the viral capsid
or envelope are replication-deficient; i.e., they cannot generate progeny virions but retain the
ability to infect target cells. In one embodiment, the genome of the viral vector does not
include genes encoding the enzymes required to replicate (the genome can be engineered to
be “gutless”- containing only the transgene of interest flanked by the signals required for
amplification and packaging of the artificial genome), but these genes may be supplied during
production. Therefore, it is deemed safe for use in gene therapy since replication and
infection by progeny virions cannot occur except in the presence of the viral enzyme required
for replication.

Also provided are compositions which include the viral vector constructs described
herein. The pharmaceutical compositions described herein are designed for delivery to
subjects in need thereof by any suitable route or a combination of different routes. Direct
delivery to the liver (optionally via intravenous, via the hepatic artery, or by transplant), oral,
inhalation, intranasal, intratracheal, intraarterial, intraocular, intravenous, intramuscular,
subcutaneous, intradermal, and other parental routes of administration. The viral vectors

described herein may be delivered in a single composition or multiple compositions.
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Optionally, two or more different AAV may be delivered, or multiple viruses [see, e.g., WO
2011/126808 and WO 2013/049493]. In another embodiment, multiple viruses may contain
different replication-defective viruses (e.g., AAV and adenovirus). In one embodiment,
administration is intramuscular. In another embodiment, administration is intravenous.

The replication-defective viruses can be formulated with a physiologically acceptable
carrier for use in gene transfer and gene therapy applications. In the case of AAV viral
vectors, quantification of the genome copies (“GC”) may be used as the measure of the dose
contained in the formulation. Any method known in the art can be used to determine the
genome copy (GC) number of the replication-defective virus compositions of the invention.
One method for performing AAV GC number titration is as follows: Purified AAV vector
samples are first treated with DNase to eliminate un-encapsidated AAV genome DNA or
contaminating plasmid DNA from the production process. The nuclease resistant particles are
then subjected to heat treatment to release the genome from the capsid. The released genomes
are then quantitated by real-time PCR using primer/probe sets targeting specific region of the
viral genome (usually poly A signal). Another suitable method for determining genome
copies is quantitative- PCR (qPCR), particularly the optimized qPCR or digital droplet PCR
[Lock Martin, et al, Human Gene Therapy Methods. April 2014, 25(2): 115-125.
doi:10.1089/hgtb.2013.131, published online ahead of editing December 13, 2013].

Also, the replication-defective virus compositions can be formulated in dosage units
to contain an amount of replication-defective virus that is in the range of about 1.0 x 10° GC
to about 1.0 x 10> GC. In another embodiment, this amount of viral genome may be
delivered in split doses. In one embodiment, the dose is about 1.0 x 10'° GC to about 3.0 x
10'* GC for an average human subject of about 70 kg. In another embodiment, the dose about
1 x 10° GC. For example, the dose of AAV virus may be about 1 x 10" GC, 1 x 10" GC,
about 5 X 10! GC, about 1 X 10'> GC, about 5 X 10> GC, or about 1 X 10'* GC. In another
embodiment, the dosage is about 1.0 x 10° GC/kg to about 3.0 x 10" GC/kg for a human
subject. In another embodiment, the dose about 1 x 10° GC/kg. For example, the dose of
AAV virus may be about 1 x 10'° GC/kg, 1 x 10! GC/kg, about 5 X 10!! GC/kg, about 1 X
10'2 GC/kg, about 5 X 10'2 GC/kg, or about 1 X 10!* GC/kg. In one embodiment, the
constructs may be delivered in volumes from 1L to about 100 mL. As used herein, the term

“dosage” or “amount” can refer to the total dosage or amount delivered to the subject in the
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course of treatment, or the dosage or amount delivered in a single unit (or multiple unit or
split dosage) administration.

The above-described recombinant vectors may be delivered to host cells according to
published methods. The rAAV, preferably suspended in a physiologically compatible carrier,
may be administered to a desired subject including a human. Suitable carriers may be readily
selected by one of skill in the art in view of the indication for which the transfer virus is
directed. For example, one suitable carrier includes saline, which may be formulated with a
variety of buffering solutions (e.g., phosphate buffered saline). Other exemplary carriers
include sterile saline, lactose, sucrose, calcium phosphate, gelatin, dextran, agar, pectin,
peanut oil, sesame oil, and water. The selection of the carrier is not a limitation of the present
invention.

In another embodiment, the composition includes a carrier, diluent, excipient and/or
adjuvant. In certain embodiments, for administration to a human patient, the rAAYV is suitably
suspended in an aqueous solution containing saline, a surfactant, and a pharmaceutically
and/or physiologically compatible salt or mixture of salts. Suitably, the formulation is
adjusted to a physiologically acceptable pH, e.g., in the range of pH 6 to 9, or pH 6.0 to 7.5,
orpH 6.2t07.7,0r pH6.5t0 7.5, pH 7.0 to 7.7, or pH 7.2 to 7.8, or about 7.0. In certain
embodiments, the formulation is adjusted to a pH of about 6.0, about 6.1, about 6.2, about
6.3, about 6.4, about 6.5, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0, about 7.1,
about 7.2, about 7.3 about 7.4, about 7.5, about 7.6, about 7.7, or about 7.8. In certain
embodiments, a pH of about 7.28 to about 7.32, about 6.0 to about 7.5, about 6.2 to about 7.7,
about 7.5 to about 7.8, about 6.0, about 6.1, about 6.2, about 6.3, about 6.4, about 6.5, about
6.6, about 6.7, about 6.8, about 6.9, about 7.0, about 7.1, about 7.2, about 7.3 about 7.4, about
7.5, about 7.6, about 7.7, or about 7.8 may be desired. In certain embodiments, for
intravenous delivery, a pH of about 6.8 to about 7.2 may be desired. However, other pHs
within the broadest ranges and these subranges may be selected for other route of delivery.

Optionally, the compositions of the invention may contain, in addition to the rAAYV
and/or variants and carrier(s), other conventional pharmaceutical ingredients, such as
preservatives, or chemical stabilizers. Suitable exemplary preservatives include

chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens,
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ethyl vanillin, glycerin, phenol, and parachlorophenol. Suitable chemical stabilizers include
gelatin and albumin.

As used herein, “carrier” includes any and all solvents, dispersion media, vehicles,
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media
and agents for pharmaceutical active substances is well known in the art. Supplementary
active ingredients can also be incorporated into the compositions. The phrase
“pharmaceutically-acceptable™ refers to molecular entities and compositions that do not
produce an allergic or similar untoward reaction when administered to a host. Delivery
vehicles such as liposomes, nanocapsules, microparticles, microspheres, lipid particles,
vesicles, and the like, may be used for the introduction of the compositions of the present
invention into suitable host cells. In particular, the rAAV vector delivered transgenes may be
formulated for delivery either encapsulated in a lipid particle, a liposome, a vesicle, a
nanosphere, or a nanoparticle or the like.

In one embodiment, a composition includes a final formulation suitable for delivery to
a subject, e.g., is an aqueous liquid suspension buffered to a physiologically compatible pH
and salt concentration. Optionally, one or more surfactants are present in the formulation. In
another embodiment, the composition may be transported as a concentrate which is diluted
for administration to a subject. In other embodiments, the composition may be lyophilized
and reconstituted at the time of administration.

A suitable surfactant, or combination of surfactants, may be selected from among
non-ionic surfactants that are nontoxic. In one embodiment, a difunctional block copolymer
surfactant terminating in primary hydroxyl groups is selected. e.g., such as Pluronic® F68
[BASF], also known as Poloxamer 188, which has a neutral pH, has an average molecular
weight of 8400. Other surfactants and other Poloxamers may be selected, i.e., nonionic
triblock copolymers composed of a central hydrophobic chain of polyoxypropylene
(poly(propylene oxide)) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene
oxide)), SOLUTOL HS 15 (Macrogol-15 Hydroxystearate), LABRASOL (Polyoxy capryllic
glyceride), polyoxy 10 oleyl ether, TWEEN (polyoxyethylene sorbitan fatty acid esters),
ethanol and polyethylene glycol. In one embodiment, the formulation contains a poloxamer.

These copolymers are commonly named with the letter “P” (for poloxamer) followed by
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three digits: the first two digits x 100 give the approximate molecular mass of the
polyoxypropylene core, and the last digit x 10 gives the percentage polyoxyethylene content.
In one embodiment Poloxamer 188 is selected. The surfactant may be present in an amount
up to about 0.0005 % to about 0.001% of the suspension.

Dosages of the vector depends primarily on factors such as the condition being
treated, the age, weight and health of the patient, and may thus vary among patients. For
example, a therapeutically effective human dosage of viral vector is generally in the range of
from about 25 to about 1000 microliters to about 100 mL of solution containing
concentrations of from about 1 x 10° to 1 x 10'® genomes virus vector (to treat an average
subject of 70 kg in body weight) including all integers or fractional amounts within the range,
and preferably 1.0 x 10> GC to 1.0 x 10'3 GC for a human patient. The composition of the
invention may be delivered in a volume of from about 0.1 pL to about 10 mL, including all
numbers within the range, depending on the size of the area to be treated, the viral titer used,
the route of administration, and the desired effect of the method. In one embodiment, the
volume is about 50 puL. In another embodiment, the volume is about 70 uL. In another
embodiment, the volume is about 100 pL. In another embodiment, the volume is about 125
pL. In another embodiment, the volume is about 150 pL. In another embodiment, the volume
is about 175 pL. In yet another embodiment, the volume is about 200 pL. In another
embodiment, the volume is about 250 pL. In another embodiment, the volume is about 300
pL. In another embodiment, the volume is about 450 pL. In another embodiment, the volume
is about 500 pL. In another embodiment, the volume is about 600 puL. In another
embodiment, the volume is about 750 pL. In another embodiment, the volume is about 850
pL. In another embodiment, the volume is about 1000 pL. In another embodiment, the
volume is about 1.5 mL. In another embodiment, the volume is about 2 mL. In another
embodiment, the volume is about 2.5 mL. In another embodiment, the volume is about 3 mL.
In another embodiment, the volume is about 3.5 mL. In another embodiment, the volume is
about 4 mL. In another embodiment, the volume is about 5 mL. In another embodiment, the
volume is about 5.5 mL. In another embodiment, the volume is about 6 mL. In another
embodiment, the volume is about 6.5 mL. In another embodiment, the volume is about 7 mL.

In another embodiment, the volume is about 8 mL. In another embodiment, the volume is
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about 8.5 mL. In another embodiment, the volume is about 9 mL. In another embodiment, the
volume is about 9.5 mL. In another embodiment, the volume is about 10 mL.

In some embodiments, a concentration of a recombinant adeno-associated virus
carrying a nucleic acid sequence encoding the desired transgene under the control of the
regulatory sequences desirably ranges from about 107 and 10'* genome copies per milliliter
(GC/mL) in a composition.

In one embodiment, the dosage of rAAV in a composition is from about 1.0 x 10°
GC/kg of body weight to about 1.5 x 10'* GC/kg. In one embodiment, the dosage is about 1.0
x 10'° GC/kg. In one embodiment, the dosage is about 1.0 x 10" GC/kg. In one embodiment,
the dosage is about 1.0 x 10'*> GC/kg. In one embodiment, the dosage is about 5.0 x 10'?
GC/kg. In one embodiment, the dosage is about 1.0 x 10!* GC/kg. All ranges described herein
are inclusive of the endpoints.

In one embodiment, the effective dosage (total genome copies delivered) is from
about 107 to 10" genome copies. In one embodiment, the total dosage is about 10® genome
copies. In one embodiment, the total dosage is about 10° genome copies. In one embodiment,
the total dosage is about 10'° genome copies. In one embodiment, the total dosage is about
10! genome copies. In one embodiment, the total dosage is about 10'? genome copies. In one
embodiment, the total dosage is about 10'* genome copies. In one embodiment, the total
dosage is about 10'* genome copies. In one embodiment, the total dosage is about 10"
genome copies.

It is desirable that the lowest effective concentration of virus be utilized in order to
reduce the risk of undesirable effects, such as toxicity. Still other dosages and administration
volumes in these ranges may be selected by the attending physician, taking into account the
physical state of the subject, preferably human, being treated, the age of the subject, the
particular disorder and the degree to which the disorder, if progressive, has developed.

In certain embodiments, the composition comprises an rAAV comprising an inducible
GLP-2 agonist construct. In certain embodiments, the inducing agent or molecule is a
rapamycin or a rapalog. In certain embodiments, the inducing agent is rapamycin, and is
administered at least one or more, at least two or more, at least three or more times following
rAAV-comprising composition. In some embodiments the rapamycin is administered at dose

at least about 4 to at least about 40 nM. In certain embodiments, the inducing agent (i.e.,
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rapamycin) is administered at a dose at least about 0.1 mg/kg to at least about 3.0 mg/kg. In
certain embodiments, the inducing agent (i.e., rapamycin) is administered at a dose at least
about 0.5 mg/kg to at least about 2.0 mg/kg.

The viral vectors and other constructs described herein may be used in preparing a
medicament for delivering a GLP-2 fusion protein construct to a subject in need thereof,
supplying GLP-2 having an increased half-life to a subject, and/or for treating SBS in a
subject. Thus, in another aspect a method of treating SBS is provided. The method includes
administering a composition as described herein to a subject in need thereof. In one
embodiment, the composition includes a viral vector containing a GLP-2 fusion protein
expression cassette, as described herein.

As used herein, the term “treatment” or “treating” is defined encompassing
administering to a subject one or more compounds or compositions described herein for the
purposes of amelioration of one or more symptoms of short bowel syndrome. “Treatment”
can thus include one or more of reducing progression of SBS, reducing the severity of the
symptoms, removing the disease symptoms, delaying progression of disease, or increasing
efficacy of therapy in a given subject.

In another embodiment, a method for treating SBS in a subject is provided. The
method includes administering a viral vector comprising a nucleic acid molecule comprising
a sequence encoding a fusion protein as described herein. In one embodiment, the subject is a
human.

A course of treatment may optionally involve repeat administration of the same viral
vector (e.g., an AAVrh91 vector) or a different viral vector (e.g., an AAVrh91 and an
AAV3B.AR2.12). Still other combinations may be selected using the viral vectors described
herein. Optionally, the composition described herein may be combined in a regimen
involving nutritional therapy (enteral or parenteral nutrition), medications, such as those used
to control stomach acid, reduce diarrhea, or improve intestinal absorption, or a GLP-2 analog,
or surgery. In certain embodiments, the AAV vector and the combination therapy are
administered essentially simultaneously. In other embodiments, the AAV vector is

administered first. In other embodiments, the combination therapy is delivered first.
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In one embodiment, the composition is administered in combination with an effective
amount of a GLP-2 analog. Various commercially available GLP-2 products are known in the
art, including, without limitation, teduglutide, glepaglutide, and apraglutide.

In some embodiments, combination of the rAAV described herein with GLP-2 analog
decreases GLP-2 analog dose requirements in the subject, as compared to prior to treatment
with the viral vector. Such dose requirements may be reduced by 10% or more, 20% or more,
30% or more, 40% or more, 50% or more, 60% or more, 70% or more, 80% or more, or 90%
or more. The treating physician may determine the correct dosage of GLP-2 analog needed
by the subject. For example, the subject may be being treated using GLP-2 analog or other
therapy, which the treating physician may continue upon administration of the AAYV vector.
Such GLP-2 analog or other co-therapy may be continued, reduced, or discontinued as
needed subsequently.

In one embodiment, composition comprising the expression cassette, vector genome,
rAAYV, or other composition described herein for gene therapy is delivered as a single dose
per patient. In one embodiment, the subject is delivered a therapeutically effective amount of
a composition described herein. As used herein, a “therapeutically effective amount™ refers to
the amount of the expression cassette or vector, or a combination thereof that delivers and
expresses in the target cells an amount of GLP-2-Fc sufficient to reach therapeutic goal. The
therapeutically effective amount may be selected by the treating physician, or guided based
on previously determined guidelines. For example, teduglutide may be provided at an initial
dose of 0.05 mg/kg subcutaneously daily. The dose may be increased in 0.025 mg/kg
increments for subjects with moderate-to-severe renal impairment. The rAAVY may be
delivered to the subject and then supplemented with oral or subcutaneous teduglutide, or
other medication as needed to reach the equivalent of the desired dosage of 0.05 mg/kg daily.

In certain embodiments, the therapeutic goal is to ameliorate or treat one or more of
the symptoms of SBS. A therapeutically effective amount may be determined based on an
animal model, rather than a human patient.

As used herein when used to refer to vp capsid proteins, the term “heterogenous™ or
any grammatical variation thereof, refers to a population consisting of elements that are not
the same, for example, having vp1, vp2 or vp3 monomers (proteins) with different modified

amino acid sequences. SEQ ID NO: 32 provides the encoded amino acid sequence of the
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AAVTh91 vpl protein. The term “heterogenous™ as used in connection with vpl, vp2 and vp3
proteins (alternatively termed isoforms), refers to differences in the amino acid sequence of
the vpl, vp2 and vp3 proteins within a capsid. The AAYV capsid contains subpopulations
within the vpl proteins, within the vp2 proteins and within the vp3 proteins which have
modifications from the predicted amino acid residues. These subpopulations include, at a
minimum, certain deamidated asparagine (N or Asn) residues. For example, certain
subpopulations comprise at least one, two, three or four highly deamidated asparagines (N)
positions in asparagine - glycine pairs and optionally further comprising other deamidated
amino acids, wherein the deamidation results in an amino acid change and other optional
modifications.

As used herein, a “subpopulation” of vp proteins refers to a group of vp proteins
which has at least one defined characteristic in common and which consists of at least one
group member to less than all members of the reference group, unless otherwise specified.
For example, a “subpopulation” of vp1 proteins is at least one (1) vpl protein and less than
all vp1 proteins in an assembled AAV capsid, unless otherwise specified. A “subpopulation”
of vp3 proteins may be one (1) vp3 protein to less than all vp3 proteins in an assembled AAV
capsid, unless otherwise specified. For example, vpl proteins may be a subpopulation of vp
proteins; vp2 proteins may be a separate subpopulation of vp proteins, and vp3 are yet a
further subpopulation of vp proteins in an assembled AAV capsid. In another example, vpl,
vp2 and vp3 proteins may contain subpopulations having different modifications, e.g., at least
one, two, three or four highly deamidated asparagines, e.g., at asparagine - glycine pairs.

As used herein, a “stock”™ of rAAYV refers to a population of rAAYV. Despite
heterogeneity in their capsid proteins due to deamidation, rAAY in a stock are expected to 5
share an identical vector genome. A stock can include rAAV having capsids with, for
example, heterogeneous deamidation patterns characteristic of the selected AAV capsid
proteins and a selected production system. The stock may be produced from a single
production system or pooled from multiple runs of the production system. A variety of
production systems, including but not limited to those described herein, may be selected. As
used herein the terms “GLP-2 construct”, “GLP-2 expression construct” and synonyms
include the GLP-2 sequence as described herein in combination with a leader and fusion

domain. The terms “GLP-2 construct”, “GLP-2 expression construct” and synonyms can be
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used to refer to the nucleic acid sequences encoding the GLP-2 fusion protein or the
expression products thereof.

The terms “percent (%) identity”, “sequence identity”, “percent sequence identity”, or
“percent identical” in the context of nucleic acid sequences refers to the bases in the two
sequences which are the same when aligned for correspondence. The length of sequence
identity comparison may be over the full-length of the genome, the full-length of a gene
coding sequence, or a fragment of at least about 100 to 150 nucleotides, or as desired.
However, identity among smaller fragments, e.g., of at least about nine nucleotides, usually at
least about 20 to 24 nucleotides, at least about 28 to 32 nucleotides, at least about 36 or more
nucleotides, may also be desired. Multiple sequence alignment programs are also available
for nucleic acid sequences. Examples of such programs include, “Clustal W”, “CAP
Sequence Assembly”, “BLAST”, “MAP”, and “MEME”, which are accessible through Web
Servers on the internet. Other sources for such programs are known to those of skill in the art.
Alternatively, Vector NTI utilities are also used. There are also a number of algorithms
known in the art that can be used to measure nucleotide sequence identity, including those
contained in the programs described above. As another example, polynucleotide sequences
can be compared using Fasta™, a program in GCG Version 6.1. Fasta™ provides alignments
and percent sequence identity of the regions of the best overlap between the query and search
sequences. For instance, percent sequence identity between nucleic acid sequences can be
determined using Fasta™ with its default parameters (a word size of 6 and the NOPAM
factor for the scoring matrix) as provided in GCG Version 6.1, herein incorporated by
reference.

By the term “highly conserved™ is meant at least 80% identity, preferably at least 90%
identity, and more preferably, over 97% identity. Identity is readily determined by one of
skill in the art by resort to algorithms and computer programs known by those of skill in the
art.

Unless otherwise specified by an upper range, it will be understood that a percentage
of identity is a minimum level of identity and encompasses all higher levels of identity up to
100% identity to the reference sequence. Unless otherwise specified, it will be understood
that a percentage of identity is a minimum level of identity and encompasses all higher levels

of identity up to 100% identity to the reference sequence. For example, “95% identity” and
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“at least 95% identity” may be used interchangeably and include 95%, 96%, 97%, 98%, 99%,
and up to 100% identity to the referenced sequence, and all fractions therebetween.

The terms “percent (%) identity”, “sequence identity”, “percent sequence identity”, or
“percent identical” in the context of amino acid sequences refers to the residues in the two
sequences which are the same when aligned for correspondence. Percent identity may be
readily determined for amino acid sequences over the full-length of a protein, polypeptide,
about 70 amino acids to about 100 amino acids, or a peptide fragment thereof or the
corresponding nucleic acid sequence coding sequencers. A suitable amino acid fragment may
be at least about 8 amino acids in length, and may be up to about 150 amino acids. Generally,

LYY

when referring to “identity”, “homology”, or “similarity” between two different sequences,
“identity”, “homology” or “similarity” is determined in reference to “aligned” sequences.
“Aligned” sequences or “alignments” refer to multiple nucleic acid sequences or protein
(amino acids) sequences, often containing corrections for missing or additional bases or
amino acids as compared to a reference sequence. Alignments are performed using any of a
variety of publicly or commercially available Multiple Sequence Alignment Programs.
Sequence alignment programs are available for amino acid sequences, e.g., the “Clustal X",
“MAP”, “PIMA”, “MSA”, “BLOCKMAKER”, “MEME”, and “Match-Box” programs.
Generally, any of these programs are used at default settings, although one of skill in the art
can alter these settings as needed. Alternatively, one of skill in the art can utilize another
algorithm or computer program which provides at least the level of identity or alignment as
that provided by the referenced algorithms and programs. See, e.g., J. D. Thomson et al,
Nucl. Acids. Res., “A comprehensive comparison of multiple sequence alignments”,
27(13):2682-2690 (1999).

It is to be noted that the term “a” or “an” refers to one or more. As such, the terms “a”
(or “an”), “one or more,” and “at least one” are used interchangeably herein.

e

The words “comprise”, “‘comprises”, and “comprising” are to be interpreted
inclusively rather than exclusively. The words “consist”, “consisting”, and its variants, are to
be interpreted exclusively, rather than inclusively. While various embodiments in the
specification are presented using “comprising” language, under other circumstances, a related
embodiment is also intended to be interpreted and described using “consisting of”’ or

“consisting essentially of” language.
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“Patient” or “subject” as used herein means a mammalian animal, including a human,
a veterinary or farm animal, a domestic animal or pet, and animals normally used for clinical
research. In one embodiment, the subject of these methods and compositions is a human. In
another embodiment, the subject is not a feline.

As used herein, the term “about” means a variability of 10% (£10%, e.g., £1, +2, £3,
+4, 45, +6, £7, £8, £9, £10), or values therebetween) from the reference given, unless
otherwise specified.

In certain instances, the term “E+#" or the term “e+#" is used to reference an
exponent. For example, “5E10” or “5¢10” is 5 x 10'°. These terms may be used
interchangeably.

The term “regulation” or variations thereof as used herein refers to the ability of a
composition to inhibit one or more components of a biological pathway.

As used herein, “disease”, “disorder” and “condition” are used interchangeably, to
indicate an abnormal state in a subject.

Unless defined otherwise in this specification, technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art and
by reference to published texts, which provide one skilled in the art with a general guide to
many of the terms used in the present application.

A reference to “one embodiment” or “another embodiment’™ in describing an
embodiment does not imply that the referenced embodiment is mutually exclusive with
another embodiment (e.g., an embodiment described before the referenced embodiment),

unless expressly specified otherwise.

EXAMPLES
The following examples are provided to illustrate various embodiments of the present

invention. The EXAMPLES are not intended to limit the present invention in any way.

Example 1 - Construction of GLP-2 vectors
GLP-2 agonists are challenging to express via adeno-associated virus (AAV). GLP-2
is normally expressed from the glucagon precursor protein, which requires tissue specific

proteases and produces unwanted proteins. Expression systems using traditional heterologous
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signal peptides yield low expression. Expression systems using heterologous propeptides
with universal protease cleavage sites yield foreign protein sequences that could be targets for
T cells.

More specifically, vectors were constructed in which a leader sequence was placed
upstream of one of several GLP-2 receptor agonist amino acid sequences followed by a
fusion domain. See, e.g., FIG. 3. The resulting protein sequence was back-translated,
followed by addition of a kozak consensus sequence, stop codon, and cloning sites. The
sequences were produced, and cloned into an expression vector containing a CMV promoter
under the control of an inducible expression system. The expression construct was flanked by
AAV2 ITRs. The resulting plasmid is called pAAV.Z121.hGLP2.G2.Fc.rBG.

In a second construct, the sequences were produced, and cloned into an expression

vector containing a CB7 constitutive promoter.

Example 2 — In vitro expression

The following constructs were packaged in an AAVrh91 vector by triple transfection,
ag previously described.

AAVrh91.CB7.CLhGLP-2-Fc.rBG

AAVrh91.CB7.CLhGLP-2-SA.1BG
GLP-2-SA fusions were measured in culture supernatants of HEK293 cells transfected with
vector for inducible human GLP-2-SA with human Thrombin signal sequence. GLP2-SA was
identified by gel electrophoresis using spyroRuby stain. FIG. 4A and FIG. 4B.

Example 3 — Pilot expression in Rag1KO mice

Rag1KO female mice were treated with an injection of the vector
AAV1h91.CB7.CLhGLP-2-SA1BG (1 x 10'! GC/ mouse) or AAVrh91.CB7.CLhGLP-2-
Fc.rBG (1 x 10" GC/ mouse) via IM route of administration. Serum was serially collected
by separating whole blood in serum separator tubes containing 5 microliters DPP-1V inhibitor
(Millipore) and assayed for active GLP-2 expression and activity as above. Vector was
injected at day O and mice were necropsied at day 56. Serum GLP-2 concentrations (nM) are
shown in FIG. 5A and are an estimation based on Fc fusion standard. Serum expression

levels reached increased through day 14 post dosing.
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Small intestines were weighed and measured at necropsy. The length and weight of
small intestine increased significantly as compared to control animals (FIG. 5B). In addition,
vector treated intestine show healthy enterocyte growth as compared to vehicle treated
animals. (FIG. 5C). Serum citrulline levels (uM), a biomarker of gut surface area, were
measured. (FIG. 5D).

Expression of GLP-2 was compared with albumin fusion construct. Fc fusion
construct showed greater GLP-2 expression (FIG. 6A). The GLP.G2.Fc fusion shows
significantly lower potency (EC50=13.6nM) as compared to hGLP (EC50=0.4nM) (FIG.
6B). These data indicate that AAV-mediated expression of GLP-2 agonist demonstrates
substantial and durable increases in gut surface area which should be therapeutic in short

bowel syndromes.

Example 4 — Dosage study in NHPs

In this study, we examine expression of human GLP-2 in nonhuman primates (NHPs;
i.e., rhesus macaques). FIG. 7 shows an outline of the study. Briefly, 2 NHPs were
administered AAVrh91.CB7.CLhGLP-2-Fc.rBG via intramuscular injection (IM) at a dose of
1 x 101 (1e13) GC/kg (E185NG) and a of dose 5 x 10'° (1e10) GC/kg (BM239H).

GLP-2 expression and potency, liver enzymes, and citrulline levels were measured.
Necropsy is performed at day 60. FIG. 8A shows plasma level of GLP-2-Fc fusion protein.
FIG. 8B shows serum citrulline, a biomarker of gut surface area. FIG. 8C shows detection of
anti-GLP-2-Fc antibody in NHP serum at 1:100 dilution. AAV-mediated expression of GLP-
2-Fc fusion demonstrates substantial increase in gut surface area at the high dose until anti-
GLP-2-Fc antibodies reduced its expression demonstrating its therapeutic efficacy on short

bowel syndromes.

Example 5 — Long term efficacy and safety study in Rag1KO mice

Ragl1KO female mice were treated with an injection of the vector
AAV1h91.CB7.CLhGLP-2-Fc.rBG at a dosage of 1 x 10'° GC/ mouse, 3 x 10'° GC/ mouse,
or 1 x 10" GC/ mouse via IM route of administration. The study design is shown in FIG. 9A.
hGLP2-Fc levels and body weight were measured throughout the study. The highest vector
dosage showed highest serum GLP2 levels (FIG. 9B), while body weights were relatively
consistent amongst all groups, with vehicle trending lowest (FIG. 9C, D). At day 28
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necropsy, small intestine length and weight were measured. While SI length showed modest
increase with dosage increase as compared to vehicle (FIG. 9E), ST weight was significantly

increased in the two highest dosage groups (FIG. 9F).

All documents cited in this specification, are incorporated herein by relerence. US
Provisional Patent Application No. 63/316,219, filed March 3, 2022, is incorporated herein
by reference. While the invention has been described with reference to particular
embodiments, it will be appreciated that modifications can be made without departing from
the spirit of the invention. Such modifications are intended to fall within the scope of the

appended claims.
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WHAT IS CLAIMED IS:

1. A composition comprising a nucleic acid comprising a sequence encoding a
fusion protein comprising a GLP-2 protein and a IgG4 Fe, albumin or XTEN polypeptide,
wherein the fusion protein has the sequence of SEQ ID NO: 13, 15,17, 19, 21, or 23, or a

sequence at least 99% identical thereto.

2. The composition according to any one of claims 1 to 7, wherein the sequence
encoding the fusion protein is SEQ ID NO: 14, 16, 18, 20, 22, or 24, or a sequence sharing at

least 75% identical thereto.

3. The composition comprising a viral vector comprising:
(a) an adeno-associated virus (AAV) capsid , and
(b) a vector genome packaged in the AAV capsid, said vector genome
comprising AAV inverted terminal repeats (ITRs), the coding sequence for comprising a
GLP-2 protein and a IgG4 Fe, albumin or XTEN polypeptide, wherein the fusion protein has
the sequence of SEQ ID NO: 13, 15,17, 19, 21, or 23, or a sequence at least 99% identical

thereto, and regulatory sequences which direct expression of the fusion protein.

4. The composition according to any one of claims 1 to 3, wherein the viral

vector is an rAAV having the AAV capsid of AAVrh91 or AAVhu68.

5. The composition according to one of claims 1 to 4, wherein the fusion protein

is under the control of an inducible gene expression system.

6. The composition according to claim 5, wherein the inducible gene expression

system comprises a regulatable promoter, an activation domain, and a DNA binding domain.
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7. The composition according to any one of claims 3 to 6, wherein the AAV
inverted terminal repeats (ITRs) are an AAV2 5’ ITR and an AAV2 3’ ITR which flank the

fusion protein coding sequence and regulatory sequences.

8. The composition according to any one of claims 3 to 7, wherein the vector

genome comprises a CB7 promoter and a rabbit globin poly A.

9. The composition according to any one of claims 5 to 8, wherein the inducible

gene expression system comprises

(a) an activation domain comprising a transactivation domain and a FKBP12-
rapamycin binding (FRB) domain of FKBP12-rapamycin-associated protein (FRAP);

(b) a DNA binding domain comprising a zinc finger homeodomain (ZFHD)
and one, two or three FK506 binding protein domain (FKBP) subunit genes; and

(c) at least one copy of the binding site for ZFHD followed by a minimal
promoter, and

(d) a regulatable promoter.

10. The composition according to claim 9, wherein the inducible gene expression

system is comprised in one vector.

11. The composition according to claim 9, wherein the inducible gene expression

system is comprised in two vectors.

12. The composition according to any one of claims 9 to 11, wherein the

transactivation domain comprises a portion of NF-kB p65.

13. The composition according to any one of claims 9 to 12, wherein the

regulatable promoter is a constitutive promoter.

14. The composition according to claim 12, wherein the regulatable promoter is a

CMY promoter.
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15. The composition according to any one of claims 9 to 14, further comprising an
IRES or 2A.
16. The composition according to any one of claims 9 to 15, comprising at least 8

copies of the binding site for ZFHD.

17. A composition according to any one of claims 5 to 16 comprising a
regulatable promoter; an activation domain comprising a p65 transactivation domain and a
FKBP12-rapamycin binding (FRB) domain of FKBP12-rapamycin-associated protein
(FRAP); a DNA binding domain comprising a zinc finger homeodomain (ZFHD) and three
FK506 binding protein domain (FKBP) subunit genes; 12 copies of the binding site for
ZFHD, and a sequence encoding a fusion protein comprising a GLP-2 analog and a human

IgG4 Fe.

18. A pharmaceutical composition suitable for use in treating a metabolic disease
in a subject comprising an aqueous liquid and the composition according to any one of claims

1to 17.

19. The composition according to any one of claims 1 to 18, for use in a method

for treating a subject having a metabolic disease.

20. Use of the composition according to any one of claims 1 to 19 in the

manufacture of a medicament for treating a subject having a metabolic disease.
21. The composition or use according to any one of claims 1 to 20, wherein the
composition is formulated to be administered a dose of 1 x 10° GC/kg to 5x 10'* GC/kg of

the rAAV.

22. The composition or use according to any one of claims 1 to 20, wherein the

patient is a human and is administered a dose of 1 x 10'° to 1.5 x 10" GC of the rAAV.
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23. The composition or use according to any one of claims 1 to 22, wherein the

rAAV is delivered intramuscularly or intravenously.

24. A method of treating a subject having a metabolic disease, comprising
delivering to the subject a recombinant adeno-associated virus (rAAV) having an AAV
capsid from adeno-associated virus th91 or hu68, and a vector genome packaged in the AAV
capsid, said vector genome comprising AAV inverted terminal repeats (ITRs), a sequence
encoding a fusion protein comprising a GLP-2 analog and a human IgG4 Fc, and regulatory

sequences which direct expression of the fusion protein.

25. The method according to claim 24, wherein the patient is administered a

composition according to any one of claims 1 to 18.

26. The method according to claim 24 or 25, wherein the patient is administered a

dose of 1 x 10° GC/kg to 5x 10*? GC/kg body mass of the rAAV.

27. The method according to any one of claims 24 to 26, wherein the rAAYV is

delivered intramuscularly or intravenously.

28. The composition according to any one of claims 1 to 18, for treating diabetes

in a human.
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FIG. 5A
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FIG. 7
NHP study design
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FIG. 9A
Necropsy days
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Sequence Listing

1 Sequence Listing
Information
1-1 File Name 22-10018PCT_Seq-Listing.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.2.0
1-5 Production Date 2023-03-03
1-6 Original free text language
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP us
Office
2-2 Current application:
Application number
2-3 Current application: Filing
date
2-4 Current application: 22-10018.PCT
Applicant file reference
2-5 Earliest priority application:{US
IP Office
2-6 Earliest priority application:{63/316,219
Application number
2-7 Earliest priority application:{ 2022-03-03
Filing date
2-8en Applicant name The Trustees of the University of Pennsylvania
2-8 Applicant name: Name
Latin
2-9en Inventor name
2-9 Inventor name: Name Latin
2-10en Invention title VIRAL VECTORS ENCODING GLP-2 RECEPTOR AGONIST FUSIONS AND USES THEREOF IN
TREATING SHORT BOWEL SYNDROME
2-11 Sequence Total Quantity |55




3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 33
3-1-4 Features Location/ source 1..33
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-1-5 Residues HADGSFSDEM NTI LDNLAAR DFI NLI QTK | TD 33
3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 33
3-2-4 Features Location/ source 1..33
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-2-5 Residues HGDGSFSDEM NTI LDNLAAR DFI NWLI QTK | TD 33
3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 39
3-3-4 Features Location/ REGION 1..39
Qualifiers note=synthetic construct
source 1..39
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-3-5 Residues HGEGTFSSEL ATI LDALAAR DFI AWl ATK | TDKKKKKK 39
3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 30
3-4-4 Features Location/ source 1..30
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-4-5 Residues HAEGTFTSDV SSYLEGQAAK EFI AWL.VKGR 30
3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 33
3-5-4 Features Location/ source 1..33
Qualifiers mol_type=protein
organism=Macaca fascicularis
NonEnglishQualifier Value
3-5-5 Residues HADGSFSDEM NTVLDNLATR DFI NWLI QTK | TD 33
3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 33
3-6-4 Features Location/ source 1..33
Qualifiers mol_type=protein
organism=Mus musculus
NonEnglishQualifier Value
3-6-5 Residues HADGSFSDEM STI LDNLATR DFI NWLI QTK | TD 33
3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 43
3-7-4 Features Location/ source 1..43
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-7-5 Residues MAHVRGLQLP GCLALAALCS LVHSQHVFLA PQQARSLLQR VRR 43




3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 229
3-8-4 Features Location/ source 1..229
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-8-5 Residues AESKYGPPCP PCPAPEAAGG PSVFLFPPKP KDTLM SRTP EVTCVWDVS QEDPEVQFNW 60
YVDGVEVHNA KTKPREEQFN STYRWSVLT VLHQDW.NGK EYKCKVSNKG LPSSI EKTI S 120
KAKGQPREPQ VYTLPPSQEE MIKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV 180
LDSDGSFFLY SRLTVDKSRW QEGNVFSCSV MHEALHNHYT QKSLSLSLG 229
3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 224
3-9-4 Features Location/ source 1..224
Qualifiers mol_type=protein
organism=Macaca mulatta
NonEnglishQualifier Value
3-9-5 Residues PPCPPCPAPE LLGGPSVFLF PPKPKDTLM SRTPEVTCW VDVSQEDPEV QFNWYVDGVE 60
VHNAQTKPRE RQFNSTYRWV SVLTVTHQDW LNGKEYTCKV SNKGLPAPI E KTI SKAKGQP 120
REPQVY! LPP PQEELTKNQV SLTCLVTGFY PSDI AVEVES NGQPENTYKT TPPVLDSDGS 180
YLLYSKLTVN KSRAWQPGNI F TCSVMHEALH NHYTQKSLSV SPGK 224
3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 584
3-10-4 Features Location/ source 1..584
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-10-5 Residues DAHKSEVAHR FKDLGEENFK ALVLI AFAQY LQQCPFEDHV KLVNEVTEFA KTCVADESAE 60
NCDKSLHTLF GDKLCTVATL RETYGEMADC CAKQEPERNE CFLQHKDDNP NLPRLVRPEV 120
DVMCTAFHDN EETFLKKYLY El ARRHPYFY APELLFFAKR YKAAFTECCQ AADKAACLLP 180
KLDELRDEGK ASSAKQRLKC ASLQKFGERA FKAWAVARLS QRFPKAEFAE VSKLVTDLTK 240
VHTECCHGDL LECADDRADL AKYI CENQDS | SSKLKECCE KPLLEKSHCI AEVENDEMPA 300
DLPSLAADFV ESKDVCKNYA EAKDVFLGVF LYEYARRHPD YSWLLLRLA KTYETTLEKC 360
CAAADPHECY AKVFDEFKPL VEEPQNLI KQ NCELFEQLGE YKFONALLVR YTKKVPQVST 420
PTLVEVSRNL GKVGSKCCKH PEAKRMPCAE DYLSVVLNQL CVLHEKTPVS DRVTKCCTES 480
LVNRRPCFSA LEVDETYVPK EFNAETFTFH ADI CTLSEKE RQ KKQTALV ELVKHKPKAT 540
KEQLKAVMDD FAAFVEKCCK ADDKETCFAE EGKKLVAASQ AALG 584
3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 584
3-11-4 Features Location/ source 1..584
Qualifiers mol_type=protein
organism=Macaca mulatta
NonEnglishQualifier Value
3-11-5 Residues DTHKSEVAHR FKDLGEEHFK GLVLVAFSQY LQQCPFEEHV KLVNEVTEFA KTCVADESAE 60
NCDKSLHTLF GDKLCTVATL RETYGEMADC CAKQEPERNE CFLQHKDDNP NLPPLVRPEV 120
DVMCTAFHDN EATFLKKYLY EVARRHPYFY APELLFFAAR YKAAFAECCQ AADKAACLLP 180
KLDELRDEGK ASSAKQRLKC ASLQKFGDRA FKAWAVARLS (KFPKAEFAE VSKLVTDLTK 240
VHTECCHGDL LECADDRADL AKYMCENQDS | SSKLKECCD KPLLEKSHCL AEVENDEMPA 300
DLPSLAADYV ESKDVCKNYA EAKDVFLGVF LYEYARRHPD YSVMLLLRLA KAYEATLEKC 360
CAAADPHECY AKVFDEFQPL VEEPQNLVKQ NCELFEQLGE YKFONALLVR YTKKVPQVST 420
PTLVEVSRNL GKVGAKCCKL PEAKRMPCAE DYLSWVLNRL CVLHEKTPVS EKVTKCCTES 480
LVNRRPCFSA LELDEAYVPK AFNAETFTFH ADMCTLSEKE KQVKKQTALV ELVKHKPKAT 540
KEQLKGVNDN FAAFVEKCCK ADDKEACFAE EGPKFVAASQ AALA 584
3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 15




3-12-4

Features Location/
Qualifiers

NonEnglishQualifier Value

REGION 1..15
note=synthetic construct
source 1..15
mol_type=protein
organism=synthetic construct

3-12-5 Residues GGGEGSGEEEES GEEGES 15
3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type AA
3-13-3 Length 322
3-13-4 Features Location/ REGION 1..322
Qualifiers note=synthetic construct
source 1..322
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-13-5 Residues MAHVRGLQLP GCLALAALCS LVHSCQHVFLA PQQARSLLQR VRRHGDGSFS DEMNTI LDNL 60
AARDFI NWLI - QTKI TDGGGEG GGSGEGGSGG GGSAESKYGP PCPPCPAPEA AGGPSVFLFP 120
PKPKDTLM S RTPEVTCVVV DVSQEDPEVQ FNWYVDGVEV HNAKTKPREE QFNSTYRWS 180
VLTVLHQDW. NGKEYKCKVS NKGLPSSI EK TI SKAKGQPR EPQVYTLPPS QEEMIKNQVS 240
LTCLVKGFYP SDI AVEVESN GQPENNYKTT PPVLDSDGSF FLYSRLTVDK SRWQEGNVFS 300
CSVMHEALHN HYTQKSLSLS LG 322
3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type DNA
3-14-3 Length 969
3-14-4 Features Location/ misc_feature 1..969
Qualifiers note=synthetic construct
source 1..969
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-14-5 Residues at ggctcacg ttcggggact gcagctgcct ggatgtctgg ctcttgeccge tctgtgtage 60
ctggt gcaca gccagcacgt gtttctggct cctcagcaag ccagatcact gctgcagaga 120
gttagaaggc acggcgacgg cagcttcagc gacgagatga acaccatcct ggacaacctg 180
gccgccagag acttcatcaa ctggctgatc cagaccaaga tcaccgacgg tggcggaggc 240
ggaggat ctg gt ggtggt gg atctggcggc ggaggttctg ccgagtctaa gtacggacct 300
ccttgtcctc cctgtcctge tccagaaget gcetggecggec catccgtgtt tctgttccct 360
ccaaagccta aggacaccct gatgatcagc agaacccctg aagtgacctg cgtggtggtc 420
gacgt gt ccc aagaggat cc tgaggtgcag ttcaattggt acgtggacgg cgtggaagtg 480
cacaacgcca agaccaagcc tagagaggaa cagttcaaca gcacctacag agtggtgtcc 540
gtgctgaccg tgctgcacca ggattggctg aacggcaaag agtacaagtg caaggtgtcc 600
aacaagggcc tgcctagcag catcgagaaa accatcagca aggccaaggg ccagccaaga 660
gaaccccagg tgtacacact gcctccaagc caagaggaaa tgaccaagaa ccaggtgtcc 720
ctgacctgcc tggtcaaggg cttctaccct tccgatatcg ccgtggaatg ggagagcaac 780
ggccagcct g agaacaacta caagaccaca cctcctgtge tggactccga tggctcattc 840
ttcctgtaca gcagactgac cgtggacaag agcaggt ggc aagagggcaa cgtgttcagc 900
tgcagcgt ga tgcacgaggc cctgcacaac cactacaccc agaaaagcct gagcctgtct 960
ctgggct aa 969
3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 677
3-15-4 Features Location/ REGION 1..677
Qualifiers note=synthetic construct
source 1..677
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-15-5 Residues MAHVRGLQLP GCLALAALCS LVHSCQHVFLA PQQARSLLQR VRRHGDGSFS DEMNTI LDNL 60
AARDFI NWLI - QTKI TDGGGEG GGSGEGESGE GGSDAHKSEV AHRFKDLGEE NFKALVLI AF 120
AQYLQQCPFE DHVKLVNEVT EFAKTCVADE SAENCDKSLH TLFGDKLCTV ATLRETYGEM 180
ADCCAKQEPE RNECFLQHKD DNPNLPRLVR PEVDVMCTAF HDNEETFLKK YLYElI ARRHP 240
YFYAPELLFF AKRYKAAFTE CCQAADKAAC LLPKLDELRD EGKASSAKQR LKCASLQKFG 300




ERAFKAWAVA RLSQRFPKAE FAEVSKLVTD
QDSI SSKLKE CCEKPLLEKS HCl AEVENDE
GVFLYEYARR HPDYSWLLL RLAKTYETTL
| KQNCELFEQ LGEYKFQNAL LVRYTKKVPQ
CAEDYLSWL NQLCVLHEKT PVSDRVTKCC
TFHADI CTLS EKERQ KKQT ALVELVKHKP

FAEEGKKLVA ASQAALG

LTKVHTECCH
MPADLPSLAA
EKCCAAADPH
VSTPTLVEVS
TESLVNRRPC
KATKEQLKAV

GDLLECADDR
DFVESKDVCK
ECYAKVFDEF
RNLCGKVGSKC
FSALEVDETY
VDDFAAFVEK

ADLAKYI CEN
NYAEAKDVFL
KPLVEEPQNL
CKHPEAKR\VP
VPKEFNAETF
CCKADDKETC

360
420
480
540
600
660
677

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
2034

misc_feature 1..2034
note=synthetic construct
source 1..2034
mol_type=other DNA

organism=synthetic construct

at ggct cacg
ct ggt gcaca
gt t agaaggc
gccgecagag
ggaggat ct g
gcccaccggt
gct cagt acc
gagttcgcca
accctgttcg
gccgact get
gacaacccca
cacgacaacg
tacttttacg
t gtt gt cagg
gagggcaaag
gagagagcct
tttgccgagg
ggcgacct gc
caggacagca
cactgtatcg
gattttgtgg
ggcatgtttc
agact ggcca
gagt gttacg
at caagcaga
ct cgt gcggt
cggaacct gg
t gcgccgagg
cctgtgtccg
tttagcgecce
accttccacg
gcect ggt gg
at ggacgact
ttcgccgaag

tt cggggact
gccagcacgt
acggcgacgg
acttcat caa
gt ggt ggt gg
t caaggacct
tgcagcagtg
agacct gcgt
gcgacaagct
gcgccaagca
acct gcct ag
aggaaacctt
cccct gagcet
ccgct gat aa
ccagct ccgce
ttaaggcctg
t gt ccaagct
t ggaat gcgc
t cagcagcaa
ccgaggt gga
aaagcaagga
t gt acgagt a
aaacct acga
ccaaggtgtt
act gcgagct
acaccaagaa
gcaaagt ggg
attacct gag
acagagt gac
t cgaggt gga
ccgacatctg
aact ggt caa
tcgcegecett
agggcaagaa

gcagct gect
gtttctgget
cagcttcagc
ctggctgatc
at ct ggcggce
gggcgaagag
ccccttcgag
ggccgacgag
gtgtacagtg
agagcccgag
act cgt gcgg
cct gaagaag
getgttcttc
ggct gcctge
caagcagaga
ggccgt t get
cgt gaccgac
cgacgat aga
gct gaaagag
aaacgacgag
cgt gt gcaag
cgcccgcaga
gacaaccctg
cgacgagttc
gttcgagcag
ggt gccccag
cagcaagt gt
cgtggtgcetg
caagt gct gt
cgagacat ac
taccct gagc
gcacaagccc
cgt ggaaaag
act ggt ggcc

ggat gtctgg
cctcagcaag

gacgagat ga
cagaccaaga
ggaggttctg
aatttcaagg
gaccacgt ga
agcgccgaga
gccacact ga
agaaacgagt
cct gaagt gg
tacct gt acg
gccaagcggt
ctgctgecta
ctgaagtgtg
agact gagcc
ct gacaaagg
gccgacct gg
tgct gcgaga
at gcccgceceg
aact acgccg
caccccgact
gaaaagt gct
aagccact gg
ct gggcgagt
gtttccacac
t gcaagcacc
aat cagct gt
accgagagcc
gt gcccaaag
gagaaagagc
aaggccacca
t gct gcaagg
gcttctcagg

ctcttgecge
ccagat cact
acaccat cct
t caccgacgg
acgcccacaa
ccct ggt get
agct ggt caa
act gt gat aa
gagaaacct a
gcttcctgea
acgtgatgtg
agat cgccag
at aaggccgc
agct ggacga
ccagcct gca
agagatttcc
tgcacaccga
ccaagt acat
agcct ct get
atctgccttc
aggccaagga
actctgttgt
gt gccgecgce
t ggaagaacc
acaagttcca
ct acact ggt
ct gaggccaa
gcgt gct gca
t ggt caacag
agtt caacgc
ggcagat caa
aagaacagct
ccgacgacaa

ctgctctggg

tct gt gt age
gct gcagaga
ggacaacctg
t ggcggagge
at ct gaagtg
gat cgccttc
cgaagt gacc
gagcct gcac
cggcgagat g
gcacaaggac
caccgccttc
acggcacccc
cttcaccgag
gctt agagac
gaagtt cggc
caaggccgag
gt gct gccac
ct gcgagaac
ggaaaagagc
t ct ggccgece
cgtgttcctg
gctgetgcetg
tgatcct cac
ccagaacctg
gaacgccctg
t gaggt gt cc
gagaat gccc
cgagaaaacc
acggccttgce
cgagacattc
gaaacagact
gaaggccgt g
agagacct gc
at aa

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
1860
1920
1980
2034

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
AA
957

REGION 1..957
note=synthetic construct

source 1..957
mol_type=protein
organism=synthetic construct

MAHVRGLQLP GCLALAALCS LVHSQHVFLA
AARDFI NWLI  QTKI TDGGGG GGSGEEGESGG
EPSEGSAPGS PAGSPTSTEE GISTEPSEGS
ATSGSETPGS EPATSGSETP GSPAGSPTST

PQQARSLLQR
GGSSPAGSPT
APGTSTEPSE
EEGTSESATP

VRRHGDGSFS
STEEGTSESA
GSAPGTSESA
ESGPGTSTEP

DEMNTI LDNL
TPESGPGIST
TPESGPGSEP
SEGSAPGTST

60

120
180
240




EPSEGSAPGS
EPSEGSAPGT
SATPESGPGT
SATPESGPGT
EPSEGSAPGT
ATSGSETPGT
SATPESGPGS
EPSEGSAPGT
SATPESGPGT
SATPESGPGS
SATPESGPGT
EPSEGSAPGT

PAGSPTSTEE
SESATPESGP
SESATPESGP
STEPSEGSAP
STEPSEGSAP
SESATPESGP
PAGSPTSTEE
SESATPESGP
STEPSEGSAP
PAGSPTSTEE
SESATPESGP
STEPSEGSAP

GI'STEPSEGS
GSEPATSGSE
GSPAGSPTST
GI'STEPSEGS
GSPAGSPTST
GSEPATSGSE
GSPAGSPTST
GSEPATSGSE
GSPAGSPTST
GSPAGSPTST
GSEPATSGSE
GSEPATSGSE

APGTSTEPSE
TPGTSTEPSE
EEGISESATP
APGTSTEPSE
EEGISTEPSE
TPGTSESATP
EEGSPAGSPT
TPGTSESATP
EEGISESATP
EEGISTEPSE
TPGSEPATSG
TPGTSESATP

GSAPGTSESA
GSAPGTSTEP
ESGPGSEPAT
GSAPGTSTEP
GSAPGTSESA
ESGPGTSTEP
STEEGTSESA
ESGPGSEPAT
ESGPGSEPAT
GSAPGTSESA
SETPGSPAGS
ESGPGTSTEP

TPESGPGIST
SEGSAPGTSE
SGSETPGTSE
SEGSAPGTST
TPESGPGSEP
SEGSAPGTSE
TPESGPGIST
SGSETPGTSE
SGSETPGTSE
TPESGPGISE
PTSTEEGTST
SEGSAPG

300
360
420
480
540
600
660
720
780
840
900
957

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
2874

misc_feature 1..2874
note=synthetic construct
source 1..2874
mol_type=other DNA

organism=synthetic construct

at ggct cacg
ct ggt gcaca
gt t agaaggc
gccgecagag
ggaggat ct g
agcaccgagg
gagcct agcg
ggaaccagca
ggat ccgctc
gccacaagcg
ggttctccag
gaat ct ggac
gaaccat cag
gggacat cca
ggcagt gctc
gaaccctctg
ggct ct gaac
ggct cagcac
agt gct acac
ggctctcccg
gagt ctggtc
t ccgccacge
gggacttcta
ggat cagccc
gaaccatctg
ggaagt ccag
ggttccgetce
gct acat ccg
ggct ccgaac
gaat ct ggac
tctgccactc
ggat caccag
agt acggaag
gaaccat ccg
ggct ct gaac
gaaagcggcc
tctgctactc
ggaagccctg
gagt caggt ¢
t cagct accc
ggctctcctg
gggagcgceac
t ct gcaaccc

tt cggggact
gccagcacgt
acggcgacgg
acttcat caa
gt ggt ggt gg
aaggcacaag
aaggat ctgc
ccgagccat ¢
ctggcacctc
gat ct gagac
ccggatctcc
caggcacctc
aaggcagcgc
ct gagccaag
ct ggaaccag
agggt agcgce
ctgctaccag
ct ggcacaag
cagagt cagg
ctggatctcc
caggat caga
cagaat ct gg
cggaacccag
ctgggacttc
aaggat cagc
caggct cccc
cagggacat c
gat ccgagac
cagcaact ag
ct ggaacaag
ct gaaagt gg
caggcagccc
aaggcacttc
agggaagt gc
cagccacttc
caggttccga
ct gagt ccgg
ccggatctcc
ct ggaagcga
cagaat cagg
ctggctcccce
ctggtacatc
cggaaagt gg

gcagct gect
gtttctgget
cagcttcagc
ctggctgatc
at ct ggcggce
cgagt ct gcc
cccaggat ct
t gagggat ct
t gaaagcgcece
acct ggaagc
caccagcaca
cacagaacct
tccaggttca
cgagggaagc
cgaat ccgct
acccggaaca
cggaagt gaa
cact gaacca
acccggaacc
t acat caact
acct gccacc
t cct gggact
t gaaggat ct
cacagagccg
accagggacc
t acaagt act
t gaat ccgca
t ccgggaacc
cggct cagaa
tact gagccc
ccct ggaagce
cact t caacg
agaaagcgct
ccct ggcact
t ggat ct gaa
gccggct act
accgggaaca
t accagt act
acct gcaaca
acct ggat ct
tacctctacc
agagt ccgca
acccgggacg

ggat gtctgg
cct cagcaag

gacgagat ga
cagaccaaga
ggaggaagt t
acacct gagt
cctgccggcet
gct cccggaa
acaccagaaa
gagccagcca
gaagagggca
t ccgagggtt
ccagct ggaa
gct cccggea
act ccagaga
t ct gagagcg
acacccggca
t cagagggct
t ccgaaagt g
gaagaaggga
tccggetctg
agcaccgaac
gcacccggca
t ct gagggca
t ctaccgagc
gaagagggt a
act ccggaat
t cagaat cag
act cct ggga
agcgaaggca
cct gcaggcet
gaagagggat
acgcccgagt
t ccgagagt g
acgcccggga
agt ggtt cag
t caaccgagc
gaggaaggca
agcggcagceg
ccagcagggt
gaagagggga
act cccgagt
agt gaat cag

ctcttgecge
ccagat cact
acaccat cct
t caccgacgg
ctcctgetgg
ctggccctgg
ctccaacatc
caagcacaga
gcggacct gg
cat ct ggcag
cat ccgaat ¢
ctgceccctgg
gcccaacctc
ct agt acaga
gt ggcccagg
ctactcccga
cctctactga
ccgcaccagg
caact cctga
cct ccgagag
aaaccccagg
cgagt gaagg
cat caaccga
gcgceccagg
caagt gaagg
ctagcacgga
ccggacct gg
ctacacccga
caagcgagag
gcgceecct gg
cacccacatc
ccccagcet gg
ccggt cctgg
ctacacctga
cat ccgagt ¢
agact ccagg
cttccgaagg
cct cagagt ¢
aaact ccagg
ccccaacat c
cct caacaga

ctggccccegg
ccacacct ga

tct gt gt age
gct gcagaga
ggacaacctg
tggcggaggce
cagccct aca
cacat ct aca
t accgaagag
gcct t cagaa
at ct gagcect
cgaaacacct
tgctaccect
aacct ctacc
t acagaggaa
accgagcgag
caccagt act
at caggccca
gccct ccgaa
caccagcgaa
gagcggacca
cgcaacccca
cacttctgag
ttcagctccc
accgt cagag
gacgt ct aca
cagt gcaccg
acccagcgag
cagt gaacca
gagt ggacct
t gcaacaccc
aacttctgaa
cacagaagaa
at ccccaact
cacttctact
aagcggt ccc
agcaacgccc
gact t ccgag
at ct gcacct
tgccact cca
cact agcgag
t act gaggaa
gccat ccgag
aact agcgaa
at ccggt cca

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580




ggat ccgagc
t ct gagactc
gaaccgagcg
ggct ct gaac
gaaagt ggcc

ctgcaacttc
ctggatctcc
agggat cagc
ccgcaacctc
ccggaacctc

t ggaagcgag
t gct ggt agt
accaggcact
cggat cagaa
t acagaacct

acaccaggat
cccacctcca
agcacagaac
acccct ggaa

agcgagggaa

ct gagccagc
ct gaagaggg
cgt ccgaagg
cat ccgaaag
gcgcaccagg

tacgt ct ggc
aacttccacc
atctgctcca
cgct acaccg
at aa

2640
2700
2760
2820
2874

3-19

3-19-1
3-19-2
3-19-3
3-19-4

3-19-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

19
AA
322

REGION 1..322
note=synthetic construct

source 1..322

mol_type=protein

organism=synthetic construct

MAHVRGLQLP GCLALAALCS LVHSQHVFLA

LATRDFI NWL | QTKI TDGGG GGEGSGEGEES

PKPKDTLM S RTPEVTCVWV DVSQEDPEVQ
VLTVTHQDW. NGKEYTCKVS NKGLPAPI EK

LTCLVTGFYP SDI AVEWESN GOPENTYKTT
CSVMHEALHN HYTCQKSLSVS PG

PQQALSLLQR
GGGGSAEFTP
FNWYVDGVEV
TI SKAKGQPR
PPVLDSDGSY

VRRHGDGSFS
PCPPCPAPEL

DEMNTVLVDN
LGGPSVFLFP

HNAQTKPRER QFNSTYRWS

EPQVYI LPPP
LLYSKLTVNK

QEELTKNQVS
SRWQPGNI FT

60

120
180
240
300
322

3-20

3-20-1
3-20-2
3-20-3
3-20-4

3-20-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

20
DNA
969

misc_feature 1..969
note=synthetic construct

source 1..969

mol_type=other DNA

organism=synthetic construct

at ggct cacg
ct ggt gcaca
gt t agaaggc
ctggccacca
ggaggcggag
ccttgtectce
ccaaagcct a
gacgt gt ccc
cacaacgccc
gt gct gaccg
aacaagggcc
gaaccccagg
ctgacctgtc
ggacagcccg
ctgct gt act
tgttctgtga
cctggat aa

tt cggggact
gccagcat gt
acggcgacgg
gagact t cat
gat ct ggt gg
cctgtcctge
aggacaccct
aagaggat cc
agacaaagcc
t gacacacca
tgcctgetcce
tgtacat cct
t ggt caccgg
agaacacct a
ccaagct gac
t gcacgaggc

gcagct gect
gtttctgget
cagcttcagc
caactggctg
cggt ggt tct
tccagaact g
gat gat cagc
t gaggt gcag
cagagagcgg
ggattggctg
t at cgagaaa
gcct ccacct
cttctaccct
caagaccaca
agt gaacaag
cctgcacaac

ggat gtctgg
cct cagcagg

gacgagat ga
at ccagacca
ggcggt ggcg
ct cggcggac
agaacccctg
ttcaattggt
cagtt caaca
aacggcaaag
accat cagca
caagaggaac
t ccgat at cg
cctccagtge
agccggt ggc
cact acaccc

ctcttgecge
ccct gagect
at accgt gct
agat caccga
gat ct gct ga
cttcegtgtt
aagt gacctg
acgt ggacgg
gcacct acag
agtacacctg
aggccaaggg
t gaccaagaa
ccgt ggagt g
t ggacagcga
agcccggcaa
agaaaagcct

tct gt gt age
gct gcaaaga
ggt ggacaac
cggt ggt gge
gtttacccct
cctgtttcct
cgt ggt ggt g
cgt ggaagtg
agtggtgtcc
t aaagt ctcc
ccagcct aga
ccaggtgtcc
ggagagcaac
cggctcttac
catcttcacc

gagcgtgtcc

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
969

3-21

3-21-1
3-21-2
3-21-3
3-21-4

3-21-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

21
AA
678

REGION 1..678

note=synthetic
source 1..678

construct

mol_type=protein

organism=synthetic construct

MAHVRGLQLP GCLALAALCS LVHSQHVFLA
LATRDFI NWL | QTKI TGGEGEG GGGSGEEEESG
FSQYLQQCPF EEHVKLVNEV TEFAKTCVAD
MADCCAKQEP ERNECFLQHK DDNPNLPPLV
PYFYAPELLF FAARYKAAFA ECCQAADKAA
GDRAFKAVWAV ARLSQKFPKA EFAEVSKLVT
NQDSI SSKLK ECCDKPLLEK SHCLAEVEND

PQQALSLLQR
GGGSDTHKSE
ESAENCDKSL
RPEVDVNMCTA
CLLPKLDELR
DLTKVHTECC
EMPADLPSLA

VRRHGDGSFS
VAHRFKDLGE
HTLFGDKLCT
FHDNEATFLK
DEGKASSAKQ
HGDL LECADD
ADYVESKDVC

DEMNTVLVDN
EHFKGLVLVA
VATLRETYGE
KYLYEVARRH
RLKCASLQKF
RADLAKYMCE
KNYAEAKDVF

60

120
180
240
300
360
420




LGWLYEYAR RHPDYSVMLL LRLAKAYEAT
LVKONCELFE QLGEYKFONA LLVRYTKKVP
PCAEDYLSVV LNRLCVLHEK TPVSEKVTKC
FTFHADMCTL SEKEKQVKKQ TALVELVKHK

CFAEEGPKFV AASQAALA

LEKCCAAADP

HECYAKVFDE

QVSTPTLVEV SRNLCGKVGAK

CTESLVNRRP

CFSALELDEA

PKATKEQLKG VINDNFAAFVE

FQPLVEEPQN 480
CCKLPEAKRM 540

YVPKAFNAET

600

KCCKADDKEA 660

678

3-22

3-22-1
3-22-2
3-22-3
3-22-4

3-22-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

22
DNA
2037

misc_feature 1..2037
note=synthetic construct
source 1..2037
mol_type=other DNA

organism=synthetic construct

at ggct cacg
ct ggt gcaca
gt t agaaggc
ctggccacca
ggcggaggat
gt ggcccacc
ttcagccagt
accgagttcg
cacaccct gt
at ggccgact
gacgacaacc
ttccacgaca
ccctactttt
gaatgttgtc
gacgagggca
ggcgat agag
gagtttgccg
cacggcgacc
aaccaggaca
agccactgtc
gccgattacg
ct gggcat gt
ct gagact gg
cacgagtgtt
ct ggt caagc
ctgctcgtge
t cccggaacc
ccct gcgeeg
acccct gt gt
tgctttageg
ttcaccttcc
acagccct gg
gt gat ggaca
tgcttcgcag

tt cggggact
gccagcat gt
acggcgacgg
gagact t cat
ct ggt ggcgg
ggtt caagga
acct gcagca
ccaagacctg
t cggcgacaa
gct gcgccaa
ccaacct gcc
at gaggccac
acgcccct ga
aggccgct ga
aagccagct ¢
cctttaaggc
aggt gt ccaa
tgctggaatg
gcat cagcag
t ggccgaggt
t ggaaagcaa
ttctgtacga
ccaaggcct a
acgccaaagt
agaact gcga
ggt acaccaa
t gggaaaagt
aggatt acct
ccgagaaagt
ccct ggaact
acgccgacat
t cgagct ggt
acttcgccgce
aagagggccc

gcagct gcct
gtttctggct
cagcttcagc
caactggctg
tggttctggce
cctgggcgaa
gtgccctttc
cgt ggccgac
gctgtgtaca
gcaagagccc
tccactcgtc
cttcctgaag
actgctgttc
t aaggccgct
cgccaagcag
ctgggccgtc
gct cgt gacc
cgccgacgat
caagct gaaa
ggaaaacgac
ggacgt gt gc
gt acgcccgc
cgaggccact
gttcgacgag
gctgttcgag
gaaggt gccc
gggcgccaag
gagcgtggtg
gaccaagt gc
ggacgaggcc
gtgtaccctg
t aagcacaag
ctttgtggaa
taagtttgtg

ggat gtctgg
cctcagcaag

gacgagat ga
at ccagacca
ggt ggcggat
gaacacttca
gaggaacacg
gagagcgccg
gt ggccacac
gagagaaacg
agacccgaag
aaat acct gt
tttgccgeca
tgcctgetge
agact gaagt
gct agact ga
gacct gacaa
agagccgacc
gagt gct gcg
gagat gcccg
aagaact acg
agacaccccg
ct ggaaaagt
ttccagccac
cagct gggcg
caggtttcca
t gtt gcaagc
ct gaacagac
t gt accgaga
tacgt gccca
agcgagaaag
cct aaggcca
aaat gct gca
gccgectctce

ctcttgecge
ccct gagect
at accgt gct
agat caccgg
ctgatacaca
aaggcct ggt
t gaagct ggt
agaact gt ga
t gagagaaac
agtgcttcct
t ggacgt gat
acgaggt ggc
ggt acaaggc
ct aagct gga
gt gccagcct
gccagaagt t
aggt gcacac
t ggccaagt a
acaagcct ct
ccgat ctgcc
ccgaggccaa
actactctgt
gttgtgecge
t ggt ggaaga
agt acaagt t
cacct acact
t gcct gaggce
t gt gcgt gct
gcct ggt caa
aggccttcaa
aaaagcaagt
ccaaagaaca
aggccgacga
aagct gct ct

tct gt gt age
gct gcaaaga
ggt ggacaac
t ggt ggcgga
caagt ct gag
gct ggt cgcce
caacgaagtg
t aagagcct g
ct acggcgag
gcagcacaag
gt gcaccgcc
cagacggcac
cgccttcegece
cgagcttaga
gcagaagttc
t cccaaggcc
cgagt gct gt
cat gt gcgag
gct ggaaaag
ttctctggee
ggacgtgttc
tatgctgctg
cgct gatccc
accccagaac
ccagaacgcc
ggt t gaggt g
caagagaat g
gcacgagaaa
t cggaggcect
cgccgagaca
gaagaaacag
act gaagggc
caaagaggcc
ggcttaa

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
1860
1920
1980
2037

3-23

3-23-1
3-23-2
3-23-3
3-23-4

3-23-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

23
AA
958

REGION 1..958
note=synthetic construct

source 1..958
mol_type=protein
organism=synthetic construct

MAHVRGLQLP GCLALAALCS LVHSQHVFLA
LATRDFI NWL | QTKI TDGGG GGGSGEEESG
TEPSEGSAPG SPAGSPTSTE EGISTEPSEG
PATSGSETPG SEPATSGSET PGSPAGSPTS
TEPSEGSAPG SPAGSPTSTE EGISTEPSEG
TEPSEGSAPG TSESATPESG PGSEPATSGS

PQQALSLLQR
GGGSSPAGSP
SAPGTSTEPS
TEEGTSESAT
SAPGTSTEPS
ETPGTSTEPS

VRRHGDGSFS
TSTEEGISES
EGSAPGTSES
PESGPGTSTE
EGSAPGTSES
EGSAPGTSTE

DEMNTVLVDN
ATPESGPGTS
ATPESGPGSE
PSEGSAPGTS
ATPESGPGTS
PSEGSAPGTS

60

120
180
240
300
360




ESATPESGPG TSESATPESG PGSPAGSPTS

TEEGTSESAT

ESATPESGPG TSTEPSEGSA PGISTEPSEG SAPGISTEPS

TEPSEGSAPG TSTEPSEGSA PGSPAGSPTS
PATSGSETPG TSESATPESG PGSEPATSGS
ESATPESGPG SPAGSPTSTE EGSPAGSPTS
TEPSEGSAPG TSESATPESG PGSEPATSGS
ESATPESGPG TSTEPSEGSA PGSPAGSPTS
ESATPESGPG SPAGSPTSTE EGSPAGSPTS
ESATPESGPG TSESATPESG PGSEPATSGS
TEPSEGSAPG TSTEPSEGSA PGSEPATSGS

TEEGTSTEPS
ETPGITSESAT
TEEGSPAGSP
ETPGITSESAT
TEEGTSESAT
TEEGTSTEPS
ETPGSEPATS
ETPGITSESAT

PESGPGSEPA
EGSAPGTSTE
EGSAPGTSES
PESGPGTSTE
TSTEEGISES
PESGPGSEPA
PESGPGSEPA
EGSAPGTSES
GSETPGSPAG
PESGPGTSTE

TSGSETPGTS
PSEGSAPGTS
ATPESGPGSE
PSEGSAPGTS
ATPESGPGTS
TSGSETPGTS
TSGSETPGTS
ATPESGPGTS
SPTSTEEGTS
PSEGSAPG

420
480
540
600
660
720
780
840
900
958

3-24
3-24-1
3-24-2
3-24-3
3-24-4

3-24-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

24
DNA
2877

misc_feature 1..2877
note=synthetic construct
source 1..2877
mol_type=other DNA

organism=synthetic construct

at ggct cacg
ct ggt gcaca
gt t agaaggc
ctggccacca
ggcggaggat
acaagcaccg
acagagcct a
gagggaacca
gaaggat ccg
cctgccacaa
cct ggat cac
ccagaatctg
accgaaccat
gagggcacct
gagggcagt g
act gagccct
ccaggatctg
gagggt agcg
gaaagtgcta
cct ggaagt ¢
cct gaat cag
gaaagt gcaa
cccgggacat
gaaggttctg
act gaaccgt
cctggtagtc
gagggaagcg
ccecgetactt
cct ggt ageg
ccggaat ccg
gaaagcgct a
gaaggttccc
act agt acgg
act gagccaa
cctggttccg
ccggaatctg
gaat cagct a
cct ggaagcc
cct gagt cag
gaaagcgcaa
gaaggcagcc
gagggt t ccg
gagt cagct a
ccaggat cag
ggaagcgaaa

tt cggggact
gccagcat gt
acggcgacgg
gagact t cat
ct ggt ggt gg
aggaaggcac
gcgaaggat ¢
gcaccgagcc
ct cct ggcac
gcggat ct ga
cagccggat ¢
gaccaggcac
cagaaggcag
ccact gaacc
cacct ggaac
ccgagggttc
agccagct ac
caccagggac
ct cct gaaag
ctgcaggttc
gccctggat ¢
cgccecgagt ¢
ctaccgagcc
cacct ggaac
ccgaaggcag
cagcaggat ¢
ct cct ggaac
ccggct caga
aaccagcaac
gt ccagggac
cacct gaaag
cagct ggaag
aagaaggcac
gcgaaggat ¢
agcct gccac
gccccggaag
cgcct gagt ¢
ct gct ggaag
gacct ggaag
ccccagagag
ctgctggetce
ct ccgggaac
cgcccgaaag
aaccagccac
caccaggcag

gcagct gect
gtttctgget
cagcttcagc
caactggctg
t ggat ct ggc
aagcgagt ct
t gccccagga
at ct gaggga
ct ct gaaagc
gacacct gga
tcccacct ct
cagcacagaa
cgct ccaggt
tagcgaggga
cagcgaat ct
agct ccaggce
cagcggct ct
aagt accgaa
cggcccaggce
acct accagc
cgaacct gct
aggacccggg
gt cagaaggt
ttccacagag
tgct cccggg
t ccaact agc
at ccgagt cc
gact cct ggg
t agcggaagc
gt ct acggaa
t ggt cccgga
ccccacttcce
gt ccgagt ct
agcacccgga
ttcaggat ca
cgaaccggct
t ggt ccaggg
cccaacgagt
cgaacct gca
t ggacct gga
cccaacgt ca
ttctgaatct
t ggacct ggc
ctctggetct
tcctgccgga

ggat gtctgg
cctcagcaag

gacgagat ga
at ccagacca
ggcggaggaa
gccacacctg
tctcctgecg
tctgctcecg
gccacaccag
agcgagccag
accgaggaag
ccct ct gaag
tctccegetg
agtgctcccg
gctacccctg
acat cagaat
gaaacacccg
ccgt ct gagg
act agcgaat
act gaagagg
acct ccggaa
act agcacgg
tctgctccag
cccagt gaag
accagt acag
accgaagaag
gct acgccag
acttct gagt
gagacacccg
ccgt ct gaag
tctccagcag
act gaggaag
gctactcccg
acct ct gagt
gaaaccccgg
acgt ct ggat
acat ccaccg
act gaagagg
acat ccggct
tctccagetg
acagaagaag
gctacacccg
acct cagagt
gagacaccag
agtcctactt

ctcttgecge
ccct gagect
at accgt gct
agat caccga
gttctcctge
agt ct ggccc
gct ct ccaac
gaacaagcac
aaagcggacc
ccacatctgg
ggacat ccga
gttcagcccc
gat cccct ac
gcacttccac
agagt ggacc
ccgccactcc
gcact agt ac
gctccgecacc
ccgcaacacc
ggact agcga
gt gaaacccc
aacccagt ga
ggact agt ac
gcagt gcccce
aaccgagcga
ggacttccac
agagt ggccc
ctgcaacccc
gaacct caga
gat cagct cc
gcagcccaac
gctctcecge
aat ccggacc
ccgccacacc
gcacgagt ga
ct gaaacgcc
aacct agt ga
gcacttctga
cagaaacacc
gctctcctac
gt act agcac
agt caggt cc
ctgcaactcc
gttctgagcc
caaccgaaga

tct gt gt age
gct gcaaaga
ggt ggacaac
cggt ggcgga
t ggcagccect
t ggcacat ct
at ct accgaa
agagccttca
t ggct ct gaa
cagcgaaaca
gagcgct acc
t ggaacct ct
at ccacagaa
agaaccat cc
cggaacat cc
agagt ccgga
cgagccaagc
aggcacttcc
cgagagcggt
gagcgcaact
t gggacaagc
aggat ct gca
t gagccttcc
t ggcacaagc
gggct ct get
cgagccttcc
aggttctgaa
ggaaagt ggt
gagt gct aca
cggcact agc
ctctact gaa
aggct caccc
t ggaact agc
agaat ct ggt
at cagcaacg
agggacctcc
aggct ccgca
gagcgct acg
agggaccagc
t agt acagag
agagcccagc
t ggt acaagc
t gagagcggt
t gcaacgt cc
ggggacct ct

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700




acagagccat cagagggctc tgcaccgggc acctcaacag aaccatctga aggatccgca 2760
ccgggcectct g agectgcetac tagtggaagc gaaactcctg gcaccagtga atccgctact 2820
cccgagtctg gcccgggaac gtctactgaa ccatct gagg gaagt gcccc aggct aa

2877

3-25

3-25-1
3-25-2
3-25-3
3-25-4

3-25-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

25

DNA

665

misc_feature 1..665
note=synthetic construct
source 1..665
mol_type=other DNA

organism=synthetic construct

ct agt cgaca
at agcccat a
cgcccaacga
tagggacttt
t acat caagt
ccgect ggca
acgt att agt
ccatctcccce
cagcgat ggg
ggcggggcyg
agtttccttt

g9g99cg

ttgattattg
tatggagttc
cccccecgcecca
ccatt gacgt
gtatcatatg
ttatgcccag
catcgctatt
cccctcccca
99c9999999
ggcgaggcgg
t at ggcgagg

actagttatt aatagtaatc
cgcgttacat aacttacggt
ttgacgtcaa taatgacgta
caat gggt gg agtatttacg
ccaagtacgc cccctattga
tacat gacct tatgggactt
accat ggt cg aggt gagccc
cccccaattt tgtatttatt
999999gggc gcgcgecagg
agaggt gcgg cggcagccaa
cggcggegge ggeggecct a

aatt acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggc
t aaaaagcga

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce

120
180
240
300
360
420
480
540
600
660
665

3-26

3-26-1
3-26-2
3-26-3
3-26-4

3-26-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

26

DNA

529

misc_feature 1..529
note=synthetic construct
source 1..529
mol_type=other DNA

organism=synthetic construct

cgttacat aa
gacgt caat a
at gggt ggag
aagt acgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca

acggt gggag

cttacggt aa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctccacccca
aaatgtcgta
gtct at at aa

at ggcccgece
ttcccat agt
aaact gccca
t caat gacgg
ctacttggca
agt acat caa
ttgacgt caa
acaact ccgc
gcagagct cg

t ggct gaccg
aacgccaat a
cttggcagta
t aaat ggccc
gtacat ctac
t gggcgt gga
tgggagtttg
cccat t gacg
tttagtgaac

cccaacgacc
gggactttcc
cat caagt gt
gcct ggcat t
gtattagtca
tagcggtttg
ttttggcacc
caaat gggcg
cgtcagatc

cccgeccatt
att gacgt ca
at cat at gcc
at gcccagt a
tcgctattac
act cacgggg
aaaat caacg

gt aggcgt gt

60

120
180
240
300
360
420
480
529

3-27

3-27-1
3-27-2
3-27-3
3-27-4

3-27-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

27

DNA

978

misc_feature 1..978
note=synthetic construct
source 1..978
mol_type=other DNA

organism=synthetic construct

t ggaaaccat
tgcact acac
agccctttaa
cccagat gag
ccact gggca
t aaaact gga
tt ccaaagag
agttcgactc
ttatccgcgg
ccatctcccce
ccacccttgt

ggagt gcagg
acctgcgt gg
gacagaaaca
gaaggggttg
gcctatggtg
gt ggagcttc
ggccgaact t
gat gggaaaa
aaacaggaag
gccaagct aa
ccceccacacy

ct ccccagga
cgggat gct t
gtttatgcta
t gt gggt cag
cccaggcat ¢
aact agaggc
agggcagact
tt ccagagat
at gggaggag
agact acgcc
gtttgacgtg

gacgggcgca
gaagat ggaa
ggcaagcagg
agagccaaac
at cccaccac
gt t caggt gg
tgcgtcgtge
cggaacaaac
ggcgt ggecc
t acggagcca
gaactgctta

ccttccccaa
agaaatttga
aggt gat ccg
tgactatatc
at gccact ct
aaaccat cag
attatactgg
cattcaaatt
agat gt ccgt
ccggacaccce
agct agagac

gcgeggecag
ttcctcecegg
aggct gggaa
tccagatt at
cgtcttcgat
t ccaggggat
t at gct ggag
cat gct cggg
gggccagegce
cggtatcata
tagaggcgt g

60

120
180
240
300
360
420
480
540
600
660




caggt cgaga ccat cagccc cggcgacggc cgcacctttc ccaagagagg ccagacttgc 720
gt ggt ccact acaccggcat gctggaggac ggcaagaagt tcgacagcag ccgcgaccgc 780
aacaagccct tcaagttcat gctgggcaaa caggaagtga tccgcggctg ggaggaaggc 840
gt ggct caga tgagcgt ggg gcagcgggcc aagctgacca tcagccccga ctatgectac 900
ggcgccaccg gccaccccgg catcatcccc ccccacgeca ccctggtgtt cgacgtggag 960

ctgct gaagc tggagtga 978
3-28 Sequences
3-28-1 Sequence Number [ID] 28
3-28-2 Molecule Type AA
3-28-3 Length 107
3-28-4 Features Location/ REGION 1..107
Qualifiers note=synthetic construct
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-28-5 Residues GVQVETI SPG DGRTFPKRGQ TCVVHYTGWL EDCGKKFDSSR DRNKPFKFML GKQEVI RGWE 60
EGVAQVBVGQ RAKLTI SPDY AYGATGHPA | PPHATLVFD VELLKLE 107
3-29 Sequences
3-29-1 Sequence Number [ID] 29
3-29-2 Molecule Type DNA
3-29-3 Length 18
3-29-4 Features Location/ misc_feature 1..18
Qualifiers note=synthetic construct
source 1..18
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-29-5 Residues aat gat gggc gct cgagt 18
3-30 Sequences
3-30-1 Sequence Number [ID] 30
3-30-2 Molecule Type DNA
3-30-3 Length 121
3-30-4 Features Location/ misc_feature 1..121
Qualifiers note=synthetic construct
source 1..121
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-30-5 Residues aacattttga cacccccata atatttttcc agaattaaca gtataaattg catctcttgt 60
tcaagagttc cctatcactc tctttaatca ctactcacag taacctcaac tcctgccaca 120
a 121
3-31 Sequences
3-31-1 Sequence Number [ID] 31
3-31-2 Molecule Type DNA
3-31-3 Length 2211
3-31-4 Features Location/ source 1..2211
Qualifiers mol_type=unassigned DNA
organism=Adeno-Associated Virus rh91
NonEnglishQualifier Value
3-31-5 Residues atggctgctg acggttatct tccagattgg ctcgaggaca acctttctga aggcattcgt 60

gagt ggt ggg ctctgaaacc tggagcccct aaacccaaag cgaaccaaca aaagcaggac 120
gacggccggg gtcttgtget tccgggttac aaatacctcg gacccttcaa cggactcgac 180
aaaggagagc cggtcaacgc ggcggacgcg gcagccctcg aacacgacaa agcttacgac 240
cagcagct ca aggccggt ga caacccgtac ctccggtaca accacgccga cgccgagttt 300
caggagcgtc ttcaagaaga tacgtctttt gggggcaacc ttggcagagc agtcttccag 360
gccaaaaaga gggttcttga gecttttggt ctggttgagg aagcagctaa aacggctcct 420
ggaaagaaga ggcctgtaga gcagtctcct caggaaccgg actcatcatc tggtattggc 480
aaat cgggcc agcagcctgc caaaaaaaga ctaaatttcg gtcagactgg cgactcagag 540
tcagt ccccg accctcaacc tctcggagaa cctccagaaa cccccgetge tgtgggacct 600
actacaatgg cttcaggcgg tggcgcacca atggcagaca ataacgaagg cgccgacgga 660
gt gggt aat g cctcaggaaa ttggcattgc gattccacat ggctgggcga cagagtcatc 720
accaccagca cccgaacctg ggcccttcct acctacaaca accacctcta caagcaaatc 780
tccagcgett caacgggggc cagtaacgac aaccactact ttggctacag caccccctgg 840
gggtattttg atttcaacag attccactgc cacttctcac cacgtgactg gcagcgactc 900




att aacaaca
gt caaggagg
gttcaagt gt
ggct gcectcce
ct gaacaacg
t cgcagat gc
tttcacagca
cagtatct gt
ctgcttttta
gggccect get
tttacctgga
ggaaccgct a
atgatatttg
acggat gaag
gcagt caact
gccttacctg
aagattcctc
aaacat ccgc
gagt t cagcg
gtggaaattg
tacacttcca
t at act gaac

act ggggat t
t cacgacgaa

tctcggactc
ctccgttcce
gaagt caagc
t aaggact gg
gct acgct ca
act acct gaa
gcecgggggt ¢
accggcaaca
caggt gccag
t ggccagt ca
gcaaagaaaa
aagagatt aa
tgcagagctc
gcatggtgtg
acacggat gg
ct cct caaat
ctacaaagtt
agt gggagct
act acgcgaa
ctcgccct at

ccggceccaag
t gat ggcgtc
ggagt accag
ggcggacgt a
ggt gggacgc
aaat aacttc
cagccagagt
cagaacgcaa
tcctget gge
gagagtttca
caaat at aat
caaggacgat
t gcaggagca
agct accaat
aaat acagac
gcaagat cgt
acactttcat
cctcat caaa
tgcttcattt
acagaaagaa
gt ct gccaat
t ggaacccgg

agact caact
acaaccat cg
ctgcegt acg
ttcatgattc
tcatcctttt
acct t cagct
tt ggat cgct
aatcaatctg
atgtctgttc
aagact aaaa
ct caat ggcc
gaagacaaat
agt aacactg
cct gt ggcaa
cccgcaactg
gacgt gt acc
ccttctectce
aat act ccgg
at cact cagt
aacagcaaac
gtggacttta
tatctcacac

tcaagctctt
ct aat aacct
tcctcggttce
ct cagt at gg
act gcct gga
ataccttcga
t gat gaat cc
gaagt gcaca
agcccaaaaa
cagacaacaa
gcgaat cgat
ttttccctat
catt agat aa
cagagagat t
gagacgt cca
tt caaggacc
t gat gggagg
t accggcaaa
act ccact gg
gttggaatcc
ct gt agacaa
gacccttgta

caacat ccag
t accagcacg
t gcgcaccag
at acct cacc
gtacttccct
ggat gt acct
tcttattgat
aaacaaggac
ttggct acct
caacagt aac
cattaatcca
gagcggcegt t
tgtaatgatt
tggaactgtg
t gt cat gggg
t at ct gggca
ctttggactg
tcctccggea
acaggt cagc
agaggt gcag
caatggtctt
a

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2211

3-32

3-32-1
3-32-2
3-32-3
3-32-4

3-32-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

32
AA
736

source 1..736

mol_type=protein
organism=adeno-associated virus rh91

MAADGYLPDW LEDNLSEG R EWNALKPGAP

KGEPVNAADA
AKKRVLEPFG
SVPDPQPLGE
TTSTRTVWALP
| NNNWGFRPK
GCLPPFPADV
FHSSYAHSQS
GPCYRQQRVS
M FGKENAGA
ALPGWWDR
EFSATKFASF
YTEPRPI GTR

AALEHDKAYD QQLKAGDNPY
LVEEAAKTAP GKKRPVEQSP
PPETPAAVGP TTNMASGGGAP
TYNNHLYKQ SSASTGASND
RLNFKLFNI Q VKEVTTNDGV
FM PQYGYLT LNNGSQAVGR

KPKANQQKQD DGRGLVLPGY
LRYNHADAEF QERLQEDTSF
QEPDSSSG G KSGQQPAKKR
MADNNEGADG VGNASGNWHC
NHYFGYSTPW GYFDENRFHC
TTI ANNLTST VQVFSDSEYQ
SSFYCLEYFP SQVLRTGNNF

LDRLMNPLI D QYLYYLNRTQ NQSGSAQNKD LLFSRGSPAG

KTKTDNNNSN FTWIGASKYN
SNTALDNVM  TDEEEI KATN
DVYLQGPI WA KI PHTDGHFH
| TQYSTGQVS VEI EWELQKE

LNGRESI | NP GTAMASHKDD
PVATERFGTV AVNLQSSNTD
PSPLMGGFGL KHPPPQ LI K
NSKRWNPEVQ YTSNYAKSAN

YLTRPL

KYLGPFNGLD
GGNLGRAVFQ
LNFGQTGDSE
DSTW.GDRVI

HFSPRDWORL
LPYVLGSAHQ
TFSYTFEDVP
VBVQPKNWL P
EDKFFPVBGV
PATGDVHVMG
NTPVPANPPA
VDFTVDNNGL

60

120
180
240
300
360
420
480
540
600
660
720
736

3-33

3-33-1
3-33-2
3-33-3
3-33-4

3-33-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

33
DNA
3326

misc_feature 1..3326
note=synthetic construct
source 1..3326
mol_type=other DNA

organism=synthetic construct

ctgcgegcetc
ggt cgceegg

aggggt t cct
at cct ct aga

t acggggt ca
t ggccecgect
tcccatagta
aact gcccac
caat gacggt
tacttggcag
gttctgcttc
tttttaatta

gct cgcet cac
cct cagt gag
t gt agt t aat
act at agct a
ttagttcata
ggct gaccgce
acgccaat ag
ttggcagt ac
aaat ggcccg
tacat ct acg
actctcccca
ttttgtgcag

t gaggccgcece
cgagcgagcg
gattaacccg
gtcgacattg
gcccat at at
ccaacgaccc
ggactttcca
at caagt gt a
cctggcatta
tattagtcat
tctccececce

cgat gggggc

cgggcaaagc
cgcagagagg
ccat gct act
attattgact
ggagttccgce
ccgcecattg
ttgacgt caa
tcatatgcca
tgcccagt ac
cgctattacc
ctccccaccce

9999999999

ccgggegt cg
gagt ggccaa
tatctaccag
agttatt aat
gttacataac
acgtcaataa
t gggt ggagt
agt acgcccc
at gacctt at
at ggt cgagg
ccaattttgt
ggggggegcg

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt
atttacggta
ctattgacgt
gggactttcc
t gagccccac
atttatttat

cgccaggcgg

60

120
180
240
300
360
420
480
540
600
660
720




ggcggggcgy ggcgaggggc ggggcgggge
gagcggcgeg ctccgaaagt ttccttttat
aaagcgaagc gcgcggcggg cgggagt cge
cgcecgecgec tcgegecgec cgecccggcet
cgggcgggac ggcccttctc ctccgggcetg
ttcttttctg tggctgecgtg aaagecttga
gagcgget cg gggggt gegt  gegt gt gt gt
gctgecegge gget gt gage get gegggeg
gcgcgagggg agegeggeeg ggggeggt ge
caaaggct gc gt gcggggt g t gt gegt ggg
cgggct gcaa ccccccctge acccccctcce
tgcgggget ¢ cgtacgggge gt ggcgeggg
ggt gggggt g ccgggegggg cggggecgee
cggcggeccc cggagcgecg gcgget gt cg
at ggt aat cg tgcgagaggg cgcagggact
at ct gggagg cgccgccgeca ccccctctag
caggaaggaa at gggcgggg agggect tcg
tctccagecct cggggcet gtc cgcgggggga

ggggttcgge ttctggegtg tgaccggegg
cttcttcttt ttcctacagc tcctgggcaa

t ggcaaagaa ttcgccct gc agcgggaatt
ctgcctggat gtctggetct tgecegetctg
ctggctcctc agcaagccag atcactgcetg
ttcagcgacg agat gaacac catcctggac
ctgat ccaga ccaagat cac cgacggt ggc
ggcggcggag gttctgeccga gtctaagtac
gaagct gct g gcggcccatc cgtgtttctg
at cagcagaa cccctgaagt gacctgegtg
gtgcagttca attggtacgt ggacggcgtg
gaggaacagt tcaacagcac ctacagagtg
t ggct gaacy gcaaagagta caagt gcaag
gagaaaacca tcagcaaggc caagggccag
ccaagccaag aggaaat gac caagaaccag
tacccttccg atatcgccgt ggaat gggag
accacacctc ctgtgctgga ctccgatggce
gacaagagca ggtggcaaga gggcaacgtg
cacaaccact acacccagaa aagcctgagc
gcggecgect cgaggacggg gt gaact acg
aaaattatgg ggacatcatg aagccccttg
ttattttcat tgcaatagtg tgttggaatt
tgatctgaat ttcgaccacc cataataccc
ttaatcatta actacaagga acccctagtg
cgctcgectca ctgaggccgg gcgaccaaag

gcct cagt ga gcgagcgagc gcgcag

gaggcggaga
ggcgaggcgg
t gcgecget ge
ct gact gacc
t aat t agcgc
ggggct ccgg
gt gcgt gggg
cggcgegggg
cccgeggt ge
ggggt gagca
ccgagt t gct
gct cgeegtg
t cgggccggg
aggcgcggeg
tcctttgtce
cgggcgeggg
t gcgt cgeceg
cggct gectt
ct ct agagcc
cgtgctggtt
gccaccat gg
t gt agcct gg
cagagagtta
aacct ggccg
ggaggcggag
ggacctcctt
ttccctccaa
gt ggt cgacg
gaagt gcaca
gtgtccgtge
gt gt ccaaca
ccaagagaac
gtgtccctga
agcaacggcc
tcattcttcc
ttcagctgca
ctgtctctgg
cct gaggat ¢
agcat ct gac
ttttgtgtct
attaccctgg
at ggagt t gg
gt cgcccgac

ggt gcggcgg
cggcggegge
cttcgececg
gcgttactcce
ttggtttaat
gagggccctt
agcgccgcegt
ctttgtgcge
g9g9gggggct
99gggt gt gg
gagcacggcc
ccgggcgggg
gagggct cgg
agccgcagcce
caaatctgtg
gcgaagcggt
cgcegecgtc
cgggggggac
tct gct aacc
att gt gct gt
ctcacgttcg
t gcacagcca
gaaggcacgg
ccagagact t
gat ct ggt gg
gtcctccctg
agcct aagga
t gt cccaaga
acgccaagac
t gaccgt gct
agggcct gcc
cccaggt gt a
cct gcct ggt
agcct gagaa
t gt acagcag
gcgt gat gca
gct aat aagg
cgatcttttt
ttctggctaa
ct cact cgga
t agat aagt a
ccactcccte

gcccggget t

cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggct t gt
t gt gcggggg
gcggcet ccge
t ccgcagt gt
gcgaggggaa
gcgegt cggt
cggct t cggg
ggt ggcggea
gggaggggcyg
attgectttt
cggagccgaa
gcggegeegg
cccttctcece
ggggcagggce
atgttcatgc
ctcatcattt
gggact gcag
gcacgtgttt
cgacggcagce
cat caact gg
t ggt ggat ct
tcctgctcca
caccctgatg
ggat cct gag
caagcct aga
gcaccaggat
t agcagcat ¢
cacact gcct
caagggcttc
caact acaag
act gaccgtg
cgaggccctg
tacctctaga
ccctctgeca
t aaaggaaat
agcaat t cgt
gcat ggcggg
t ct gcgegcet
tgcccgggeg

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3326

3-34

3-34-1
3-34-2
3-34-3
3-34-4

3-34-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

34

DNA

4379

misc_feature 1..4379
note=synthetic construct
source 1..4379
mol_type=other DNA
organism=synthetic construct

ctgcgecget ¢ getcget cac t gaggecgec
ggt cgcccgg cctcagt gag cgagcgageg
aggggttcct tgtagttaat gattaacccg
atcctctaga actatagcta gtcgacattg
tacggggtca ttagttcata gcccatat at
tggccecgect gget gaccge ccaacgaccce
tcccatagta acgccaatag ggactttcca
aact gcccac ttggcagtac atcaagtgta
caat gacggt aaat ggcccg cctggcatta
tacttggcag tacatctacg tattagtcat
gttctgcttc actctcceca tctcecceccece

cgggcaaagc
cgcagagagg
ccat gct act
attattgact
ggagttccgce
ccgceecattg
ttgacgt caa
tcatatgcca
tgcccagt ac
cgctattacc
ct ccccaccce

ccgggegt cg
gagt ggccaa
tatct accag
agttattaat
gt tacat aac
ant caat aa
t gggt ggagt
agt acgcccc
at gacctt at
at ggt cgagg
ccaattttgt

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt
atttacggta
ctattgacgt
gggactttcc
t gagccccac
atttatttat

60

120
180
240
300
360
420
480
540
600
660




tttttaatta
ggcggggcgg
gagcggegceg
aaagcgaagc
cgccgeegece
cgggcgggac
ttcttttctg
gagcggct cg
gct gccegge
gcgcgagggag
caaaggct gc
cgggct gcaa
t gcggggctc

ggt gggggt g
cggcggeccce

at ggt aat cg
at ct gggagg
caggaaggaa
tctccagect
ggggt t cgge
cttecttettt
t ggcaaagaa
ctggctcttg
caagccagat
at gaacacca
aagat caccg
t ct gacgccc
aaggccct gg
gt gaagct gg
gagaactgtg
ct gagagaaa
gagtgcttcc
gt ggacgt ga
t acgagat cg
cggt at aagg
cct aagct gg
t gt gccagcce
agccagagat
aaggt gcaca
ct ggccaagt
gagaagcct ¢
gccgatctge
gccgaggeca
gactactctg
tgctgtgecg
ct ggt ggaag
gagt acaagt
acacct acac
caccct gagg
ctgtgcgtgce
agcct ggt ca
aaagagttca
gagcggcaga
accaaagaac
aaggccgacg
caggctgctc
acgcct gagg
ttgagcat ct
attttttgtg
cccattaccc
gt gat ggagt
aaggt cgccce

ttttgtgcag
ggcgaggggce
ct ccgaaagt
gcgeggeggg
t cgcgecgece
ggcccttcte
tggctgegtg
gggggt gegt
ggct gt gage
agcgcggecg
gt gcggggt g
cccecect ge
cgt acggggce
ccgggcgggg
cggagcgcecg
t gcgagaggg
cgcecgecgea
at gggcgggg
cgggget gt c
ttctggegtg
ttcctacagc
tt ccagaagc
ccgectcetgtg
cact gct gca
t cct ggacaa
acggt ggcgg
acaaat ct ga
t gct gat cgc
t caacgaagt
at aagagcct
cctacggcga
t gcagcacaa
t gt gcaccgce
ccagacggca
ccgecttcac
acgagct t ag
t gcagaagt t
tt cccaaggc
ccgagtgctg
acat ct gcga
t gct ggaaaa
cttctctgge
aggacgt gtt
ttgtgctgcet
ccgct gatcc
aaccccagaa
t ccagaacgc
t ggt t gaggt
ccaagagaat
t gcacgagaa
acagacggcc
acgccgagac
t caagaaaca
agct gaaggce
acaaagagac
t gggat aat a
atccgatctt
gactt ct ggc
tctctcactc
t ggt agat aa
t ggccact cc

gacgcccggg

cgat gggggce
ggggcggggce
ttccttttat
cgggagt cgc
cgccecggcet
ctccgggcetg
aaagccttga
gcgt gt gt gt
gct gcgggeg
ggggcggt ge
t gt gcgt ggg
acccccctcc
gt ggcgeggg
cggggecgec
gcgget gt cg
cgcagggact
ccccectctag
agggccttcg
cgcgggggga
t gaccggegg
t cct gggcaa
caccat ggct
tagcctggtg
gagagtt aga
cctggcegece
aggcggagga
agt ggcccac
cttcgctcag
gaccgagttc
gcacaccctg
gat ggccgac
ggacgacaac
cttccacgac
cccctacttt
cgagtgttagt
agacgagggc
cggcgagaga
cgagtttgcce
ccacggcgac
gaaccaggac
gagccact gt
cgccgatttt
cctgggcatg
gct gagact g
t cacgagt gt
cct gat caag
cctgetegtg
gt cccggaac
gccct gegece
aacccctgtg
ttgctttagce
attcaccttc
gact gccctg
cgt gat ggac
ctgcttcgee
aggt acct ct
tttcectctg
t aat aaagga
ggaagcaat t
gt agcat ggc
ctctctgege
ctttgccegg

9999999999
gaggcggaga
ggcgaggcgg
t gcgecget ge
ct gact gacc
t aat t agcgc
ggggct ccgg
gt gcgt gggg
cggcgegggg
cccgeggt ge
ggggt gagca
ccgagt t gct
gct cgeegtg
t cgggccggg
aggcgcggeg
tcctttgtce
cgggcgeggg
t gcgt cgeceg
cggct gectt
ct ct agagcc
cgtgctggtt
cacgttcggg
cacagccagc
aggcacggcg
agagacttca
tctggtggtg
cggtt caagg
tacct gcagc
gccaagacct
ttcggcgaca
t gct gcgeca
cccaacct gc
aacgaggaaa
tacgcccectg
caggccgcetg
aaagccagct
gcctttaagg
gaggt gt cca
ct gct ggaat
agcat cagca
at cgccgagg
gt ggaaagca
tttctgtacg
gccaaaacct
t acgccaagg
cagaact gcg
cggt acacca
ct gggcaaag
gaggatt acc
t ccgacagag
gccct cgagg
cacgccgaca
gt ggaact gg
gacttcgccg
gaagagggca
agagcggcecg
ccaaaaatta
aatttatttt
cgttgatctg
gggtt aat ca
gct cget cge
gcggect cag

ggggggcgeg
ggt gcggcgg
cggcggegge
cttcgeececg
gcgttactcce
ttggtttaat
gagggccct t
agcgccgegt
ctttgtgege
g9g9gggggct
99gggt gt gg
gagcacggcc
ccgggcgggg
gagggct cgg
agccgcagcec
caaatctgtg
gcgaagcggt
cgccgecegtc
cgggggggac
t ct gct aacc
att gt gct gt
gact gcagct
acgtgtttct
acggcagctt
t caact ggct
gt ggat ct gg
acct gggcga
agtgcccctt
gcgt ggccga
agct gt gt ac
agcaagagcc
ct agact cgt
ccttcctgaa
agctgectgtt
at aaggct gc
ccgccaagca
cct gggecegt
agct cgt gac
gcgccgacga
gcaagct gaa
t ggaaaacga
aggacgt gt g
agt acgcccg
acgagacaac
tgttcgacga
agctgttcga
agaaggt gcc
t gggcagcaa
t gagcgt ggt
t gaccaagt g
t ggacgagac
tctgtaccct
t caagcacaa
ccttcgtgga
agaaact ggt
cct cgaggac
t ggggacat c
cattgcaata
aatttcgacc
ttaactacaa
t cact gaggc

tgagcgagcg

cgccaggcgg
cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggctt gt
t gt gcggggg
gcggct ccge
t ccgcagt gt
gcgaggggaa
gcgcgt cggt
cggct t cggg
ggt ggcggea
gggaggggcyg
attgectttt
cggagccgaa
gcggegeegg
cccttcetecce
ggggcagggce
atgttcatgc
ctcatcattt
gcct ggat gt
ggct cct cag
cagcgacgag
gat ccagacc
cggcggaggt
agagaatttc
cgaggaccac
cgagagcgcc
agt ggccaca
cgagagaaac
gcggect gaa
gaagt acctg
cttcgccaag
ctgcectgcetg
gagact gaag
tgctagactg
cgacct gaca
t agagccgac
agagt gct gc
cgagat gccc
caagaact ac
cagacacccc
cct ggaaaag
gttcaagcca
gcagct ggge
ccaggtttcc
gt gt t gcaag
gct gaat cag
ct gt accgag
at acgt gccc
gagcgagaaa
gcccaaggcc
aaagt gct gc
ggccgettct
ggggt gaact
at gaagcccc
gtgtgttgga
acccat aat a
ggaaccccta
cgggcgacca

agcgcgcag

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4379

3-35
3-35-1
3-35-2

Sequences
Sequence Number [ID]
Molecule Type

35
DNA




3-35-3
3-35-4

3-35-5

Length
Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

5219

misc_feature 1..5219
note=synthetic construct
source 1..5219
mol_type=other DNA
organism=synthetic construct

ctgcgeget ¢ getcget cac t gaggccgece
ggt cgccegg cct cagt gag cgagcgagceg
aggggttcct tgtagttaat gattaacccg
atcctctaga actatagcta gtcgacattg
tacggggtca ttagttcata gcccat at at
t ggcccgect ggct gaccge ccaacgaccce
tcccatagta acgccaatag ggactttcca
aact gcccac ttggcagtac atcaagtgta
caat gacggt aaatggcccg cctggcatta
tacttggcag tacatctacg tattagtcat
gttctgcttc actctcccca tctccccecce
tttttaatta ttttgtgcag cgatgggggc
ggcggggcgg ggcgaggggc ggggcgggge
gagcggcgeg ctccgaaagt ttcecttttat
aaagcgaagc gcgcggcggg cgggagt cge
cgcegecgec tcgegecgece cgecccgget
cgggcgggac ggeccttctc ctcecgggetg
ttcttttctg tggctgegtg aaagccttga
gagcgget cg gggggt gegt gegt gt gt gt
gct gcccgge gget gt gage get gegggeg
gcgcgagggg agcgeggecyg ggggcggt go
caaaggct gc gt gcggggt g t gt gcgt ggg
cgggcet gcaa ccceccctge acccccctce
tgcggggct ¢ cgtacgggge gt ggegcggg
ggt gggggt g ccgggcgggy cggggccgec
cggcggecce cggagcgecg gegget gt cg
at ggt aat cg tgcgagaggg cgcagggact
at ct gggagg cgccgecgea ccccct ctag
caggaaggaa at gggcgggg agggecttcg
tctccagcct cggggctgtc cgcgggggga

ggggttcgge ttctggegtg tgaccggegg
cttcttcttt ttcctacagc tcctgggcaa

t ggcaaagaa ttccagaagc caccat ggct
ctggctcttg ccgctctgtg tagectggtg
caagccagat cactgctgca gagagttaga
at gaacacca tcctggacaa cctggccgcc
aagat caccg acggt ggcgg aggcggagga
agttctcctg ctggcagecc tacaagcacc
gagt ct ggcc ctggcacatc tacagagcct
ggct ct ccaa catctaccga agagggaacc
ggaacaagca cagagccttc agaaggatcc
gaaagcggac ctggatctga gcctgccaca
gccacatctg gcagcgaaac acctggttct
ggcacat ccg aatctgctac ccctgaatct
ggttctgece ctggaacctc taccgaacca
ggaagcccaa cctctacaga ggaagggaca
ggcact agt a cagaaccgag cgagggcagt
gagagt ggcc caggcaccag tact gaaccc
agcgct act ¢ ccgaat cagg cccaggct ct
ggcacctcta ctgagccctc cgaaggctca
ggct ccgcac caggcaccag cgaaagt get
agt gcaact ¢ ct gagagcgg accaggct ct
gggacct ccg agagcgcaac cccagagt ct
t ct gaaaccc caggcacttc tgagtccgcce
gaaccgagt g aaggttcagc tcccgggact
ggcacat caa ccgaaccgtc agagggatca
ggcagcgccce cagggacgtc tacagaacca
gagccaagt g aaggcagt gc accgggaagt

cgggcaaagc
cgcagagagg
ccat gct act
attatt gact
ggagt t ccge
ccgeccattg
ttgacgt caa
t cat at gcca
t gcccagt ac
cgctattacc
ctccccacce
9999999999
gaggcggaga
ggcgaggcgg
t gcgecget ge
ct gact gacc
t aat t agcgc
ggggct ccgg
gt gcgt gggg
cggcgegggg
cccgeggt ge
ggggt gagca
ccgagt t gct
gct cgeegtg
t cgggccggg
aggcgcggeg
tcctttgtce
cgggcgeggg
t gcgt cgeceg
cggct gectt
ct ct agagcc
cgtgctggtt
cacgttcggg
cacagccagc
aggcacggcg
agagacttca
tctggtggtg
gaggaaggca
agcgaaggat
agcaccgagc
gct cct ggca
agcggatctg
ccagccggat
ggaccaggca
t cagaaggca
t ccact gagc
gct cct ggaa
t ct gagggt a
gaacctgcta
gcacct ggca
acaccagagt
cccgcet ggat
ggt ccaggat
acgccagaat
t ct acggaac
gcccct ggga
t ct gaaggat
ccagcaggct

ccgggegt cg
gagt ggccaa
tat ctaccag
agttattaat
gttacat aac
acgt caat aa
t gggt ggagt
agt acgcccce
at gacct t at
at ggt cgagg
ccaattttgt
ggggggcgeg
ggt gcggcgg
cggcggegge
cttcgececg
gcgttactcce
ttggtttaat
gagggccctt
agcgccgcegt
ctttgtgcge
g9g9gggggct
99gggt gt gg
gagcacggcc
ccgggcgggg
gagggct cgg
agccgcagcce
caaatctgtg
gcgaagcggt
cgcegecgtc
cgggggggac
tct gct aacc
att gt gct gt
gact gcagct
acgtgtttct
acggcagctt
t caact ggct
gt ggat ct gg
caagcgagt ¢
ctgccccagg
cat ct gaggg
cct ct gaaag
agacacct gg
ctcccaccag
cct ccacaga
gcgct ccagg
caagcgaggg
ccagcgaat ¢
gcgcacccgg
ccagcggaag
caagcact ga
caggacccgg
ctcctacatc
cagaacct gc
ctggtcctgg
ccagt gaagg
cttccacaga
cagcaccagg
cccct acaag

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt
atttacggta
ctatt gacgt
gggactttcc
t gagccccac
atttatttat
cgccaggcgg
cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggct t gt
t gt gcggggg
gcggcet ccge
t ccgcagt gt
gcgaggggaa
gcgegt cggt
cggct t cggg
ggt ggcggea
gggaggggcyg
attgectttt
cggagccgaa
gcggegeegg
cccttctcece
ggggcagggce
atgttcatgc
ctcatcattt
gcct ggat gt
ggct cct cag
cagcgacgag
gat ccagacc
cggcggagga
t gccacacct
atctcctgecce
atctgctccce
cgccacacca
aagcgagcca
cacagaagag
accttccgag
tt caccagct
aagcgct ccc
cgctactcca
aacat ct gag
t gaaacaccc
accat cagag
aacct ccgaa
aact gaagaa
cacct ccggce
gact agcacc
at ct gcaccc
gccgt ct gag
gacct ct acc
t act gaagag
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ggt act agca
gaat ccggac
t cagct acac
gggacaagcg
ggcagcgcecce
ggct caccca
ggat ccccag
gagt ccggt ¢
agt gct acac
gggacat ccg
t cagagactc
gagccttccg
ggcacct cag
agcgaaact ¢
gggt ccccaa
gggacct caa
gagt ct ggcc
t cagccacac
ggat ct gagc
t ccact gaag
gaaccgt ccg
ggaacat ccg
ggaagcgcac
acgcct gagg
ttgagcat ct
attttttgtg
cccattaccc
gt gat ggagt
aaggt cgccce

cggaacccag
ct ggcagt ga
ccgagagt gg
agagt gcaac
ctggaacttc
cat ccacaga
ctggatcccc
ctggcacttc
ct gaaagcgg
agt cagcaac
cagggacttc
aaggat ctgc
agt ct gccac
caggcact ag
catctactga
cagagccat ¢
ccggaact ag
ct gaat ccgg
cagct acgtc
agggaacttc
aaggat ctgc
aaagcgct ac
caggat aat a
atccgatctt
gact tctggc
tctctcactc
t ggt agat aa
t ggccact cc

gacgcccggg

cgagggttcc
accagct aca

acct ggctcc
acccgaat ct
t gaat ct gcc
agaaggat ca
aact agt acg
tact gaacca
t cccgget ct
gcccgaaagc
cgagt ct gct
acct ggaagc
t ccagagt ca
cgagt cagct
ggaaggct ct
cgaggggagce
cgaat ctgca
t ccaggat cc
t ggct ct gag
caccgaaccg
t ccaggct ct
accggaaagt
aggt acct ct
tttcectctg
t aat aaagga
ggaagcaat t
gt agcat ggc
ctctctgege
ctttgccegg

gct ccaggga
t ccggat ccg
gaaccagcaa
ggacct ggaa
act cct gaaa
ccagcaggca
gaagaaggca
t ccgagggaa
gaaccagcca
ggcccaggt t
act cct gagt
cct gccggat
ggt cct ggaa
accccagaat
cctget gget
gcacctggta
accccggaaa
gagcct gcaa
act cct ggat
agcgagggat
gaacccgcaa
ggccccggaa
agagcggccg
ccaaaaatta
aatttatttt
cgttgatctg
gggt t aat ca
gct cget cge
gcggcect cag

cat ct gaatc
agact ccggg
ctagcggctc
caagt act ga
gt ggcect gg
gccccacttc
cttcagaaag
gt gcccctgg
cttctggatc
ccgagcceggce
ccggaccggg
ctcctaccag
gcgaacct gc
caggacct gg
cccctacctce
cat cagagt ¢
gt ggacccgg
cttctggaag
ctcctgetgg
cagcaccagg
cctccggatc
cctctacaga
cct cgaggac
t ggggacat c
cattgcaata
aatttcgacc
ttaactacaa
t cact gaggc

tgagcgagcg

cgcaact ccg
aacct cagaa
agaaact cct
gcccagcgaa
aagccct gca
aacggaagag
cgct acgecce
cacttccgag
t gaaacgccc
t act agt ggt
aacat caacc
t act gaggaa
aacaagcggc
at ct ccagca
t accgaagag
cgcaact ccc
gacgagt gaa
cgagacacca
t agt cccacc
cact agcaca
agaaacccct
acct agcgag
ggggt gaact
at gaagcccc
gtgtgttgga
acccat aat a
ggaaccccta
cgggcgacca

agcgcgcag

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
5219

3-36

3-36-1
3-36-2
3-36-3
3-36-4

3-36-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

36
DNA
3326

misc_feature 1..3326
note=synthetic construct
source 1..3326
mol_type=other DNA

organism=synthetic construct

ctgcgegetc
ggt cgceegg

aggggt t cct
at cct ct aga

t acggggt ca
t ggccegect
tcccat agt a
aact gcccac
caat gacggt
tacttggcag
gttctgcttc
tttttaatta
ggcggggcgg
gagcggcegceg
aaagcgaagc
cgccgeegece
cgggcgggac
ttcttttctg
gagcggctcg
gctgccegge
gcgcgagggg
caaaggct gc
cgggct gcaa
t gcggggctc

ggt gggggt g
cggcggeccce

gct cget cac
cct cagt gag
t gt agt t aat
actat agct a
ttagttcata
ggct gaccge
acgccaat ag
tt ggcagt ac
aaat ggcccg
tacatctacg
actctcccca
ttttgtgcag
ggcgaggggce
ct ccgaaagt
gcgeggeggg
t cgcgecgece
ggcccttcte
tggctgegtg
gggggt gegt
ggct gt gage
agcgcggecg
gt gcggggt g
ccceccect ge
cgt acggggce
ccgggcgggg
cggagcgcecg

t gaggccgece
cgagcgagceg
gat t aacccg
gtcgacattg
gcccat at at
ccaacgaccc
ggactttcca
at caagt gt a
cctggcatta
tattagtcat
tctccceeccce
cgat gggggce
ggggcggggce
ttccttttat
cgggagt cgc
cgccccggcet
ctccgggetg
aaagcct tga
gcgt gt gt gt
gct gcgggeg
ggggcggt ge
t gt gcgt ggg
acccccctce
gt ggcgcggg
cggggccgece
gcggetgtcg

cgggcaaagc
cgcagagagg
ccat gct act
attatt gact
ggagttccgce
ccgccecattg
ttgacgt caa
tcatatgcca
tgcccagt ac
cgctattacc
ctccccaccce
9999999999
gaggcggaga
ggcgaggcgg
tgcgeget ge
ct gact gacc
taattagcgc
ggggctccgg
gt gcgt gggg
€ggcgceggggy
cccgeggt gc
ggggt gagca
ccgagttgct
gctcgeegtg
tcgggccggg
aggcegceggceg

ccgggegt cg
gagt ggccaa
tatct accag
agttattaat
gt t acat aac
ant caat aa
t gggt ggagt
agt acgcccc
at gacctt at
at ggt cgagg
ccaattttgt
9g99gggcgceg
ggt gcggegg
cggcggegge
cttcgceccy
gcgttactcc
ttggtttaat
gagggccct t
agcgccgegt
ctttgtgcge
gg99gggggct
99999t gt gg
gagcacggcc
ccgggcgggg

gagggct cgg
agccgcagcec

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt
atttacggta
ctatt gacgt
gggactttcc
t gagccccac
atttatttat
cgccaggegg
cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggctt gt
t gt gcggggg
gcggct ccge
t ccgcagt gt
gcgaggggaa
gcgegt cggt
cggcttcggg
ggtggcggca
gggaggggcg
attgcctttt

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




at ggt aat cg
at ct gggagg
caggaaggaa
tct ccagect
ggggt t cgge
cttecttettt
t ggcaaagaa
ct gcct ggat
ctggctcctce
ttcagcgacg
t ggct gat cc
ggt t ct ggcg
gaact gct cg
at cagcagaa
gtgcagttca
gagcggcagt
t ggct gaacg
gagaaaacca
ccacct caag
tacccttccg
accacacctc
aacaagagcc
cacaaccact
gcggecgect
aaaattatgg
ttattttcat
t gat ct gaat
ttaatcatta
cgct cgctca
gcct cagt ga

t gcgagaggg
cgcecgecgea
at gggcgggg
cgggget gt c
ttctggegtg
ttcctacagc
ttcgceetge
gt ct ggct ct
agcaggccct
agat gaat ac
agaccaagat
gt ggcggat ¢
gcggaccttc
cccct gaagt
att ggt acgt
t caacagcac
gcaaagagt a
t cagcaaggc
aggaact gac
at at cgccgt
cagt gct gga
ggt ggcagec
acacccagaa
cgaggacggg
ggacat catg
tgcaat agtg
ttcgaccacc
act acaagga
ct gaggccgg
gcgagcgagce

cgcagggact
ccccctctag
agggccttcg
cgcgggggga
t gaccggegg
t cct gggcaa
agcgggaat t
tgccgetctg
gagcctgcetg
cgtgctggtg
caccgacggt
tgctgagttt
cgtgttcctg
gacctgcgtg
ggacggcgt g
ctacagagtg
cacct gt aaa
caagggccag
caagaaccag
ggagt gggag
cagcgacggc
cggcaacat ¢
aagcct gagc
gt gaact acg
aagccccttg
tgttggaatt
cat aat accc
acccctagtg
gcgaccaaag

gcgcag

tcctttgtce
cgggcgeggg
t gcgt cgeceg
cggct gectt
ct ct agagcc
cgtgctggtt
gccaccat gg
t gt agcct gg
caaagagtta
gacaacct gg
ggt ggcggag
acccctcctt
tttcctccaa
gt ggt ggacg
gaagt gcaca
gtgtccgtge
gt ct ccaaca
cct agagaac
gtgtccctga
agcaacggac
tcttacctge
ttcacctgtt
gtgtcccctg
cct gaggat ¢
agcat ct gac
ttttgtgtct
attaccctgg
at ggagt t gg
gt cgcccgac

caaatctgtg
gcgaagcggt
cgccgecegtc
cgggggggac
t ct gct aacc
att gt gct gt
ctcacgttcg
tgcacagcca
gaaggcacgg
ccaccagaga
gcggaggat ¢
gtcctccctg
agcct aagga
t gt cccaaga
acgcccagac
t gaccgt gac
agggcct gcc
cccaggtgta
cctgtct ggt
agcccgagaa
tgtactccaa
ct gt gat gca
gat aat aagg
cgatcttttt
ttctggctaa
ct cactcgga
t agat aagt a
ccactccctc

gcccggget t

cggagccgaa
gcggegeegg
cccttctcece
ggggcagggce
atgttcatgc
ctcatcattt
gggact gcag
gcatgtgttt
cgacggcagce
cttcat caac
t ggt ggcggt
tcctgctcca
caccctgatg
ggat cct gag
aaagcccaga
acaccaggat
tgctcctatc
cat cct gcct
caccggcttc
cacct acaag
gct gacagtg
cgaggccctg
tacctctaga
ccctctgeca
t aaaggaaat
agcaat t cgt
gcat ggcggg
t ct gcgegcet
tgcccgggeg

1620
1680
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1800
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1920
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2040
2100
2160
2220
2280
2340
2400
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3-37
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3-37-5
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Sequence Number [ID]
Molecule Type
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Features Location/
Qualifiers

NonEnglishQualifier Value
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37
DNA
4382

misc_feature 1..4382
note=synthetic construct
source 1..4382
mol_type=other DNA

organism=synthetic construct

ctgcgegcetc
ggt cgceegg

aggggt t cct
at cct ct aga

t acggggt ca
t ggccegect
tcccat agt a
aact gcccac
caat gacggt
tacttggcag
gttctgcttc
tttttaatta
ggcggggcgg
gagcggcegceg
aaagcgaagc
cgccgeegece
cgggcgggac
ttcttttctg
gagcggctcg
gctgccegge
gcgcgagggg
caaaggct gc
cgggct gcaa
t gcggggctc
ggt ggggatg

gct cgct cac
cct cagt gag
t gt agt t aat
act at agct a
ttagttcata
ggct gaccgce
acgccaat ag
ttggcagt ac
aaat ggcccg
tacat ct acg
actctcccca
ttttgtgcag
ggcgaggggce
ct ccgaaagt
gcgcggceggg
t cgcgecgece
ggcccttcte
tggctgecgtg
gggggt gcgt
ggct gt gagce
agcgceggcecg
gtgcgggatg
ccccecctge
cgt acggggc
€cgggcggggy

t gaggccgece
cgagcgagceg
gat t aacccg
gtcgacattg
gcccat at at
ccaacgaccc
ggactttcca
at caagt gt a
cctggcatta
tattagtcat
tctccceeccce
cgat gggggce
ggggcggggce
ttccttttat
cgggagt cgc
cgccccggcet
ctccgggetg
aaagcct tga
gcgt gt gt gt
gct gcgggeg
ggggcggt ge
t gt gcgt ggg
acccccctce
gt ggcgcggg
cggggccgece

cgggcaaagc
cgcagagagg
ccat gct act
attattgact
ggagttccgce
ccgcecattg
ttgacgt caa
tcatatgcca
tgcccagt ac
cgctattacc
ctccccaccce
9999999999
gaggcggaga
ggcgaggcgg
tgcgeget ge
ct gact gacc
taattagcgc
ggggctccgg
gt gcgt gggg
€ggcgceggggy
cccgeggt gc
ggggt gagca
ccgagttgct
gctcgeegtg
tcgggccggg

ccgggegt cg
gagt ggccaa
tatct accag
agttattaat
gt t acat aac
ant caat aa
t gggt ggagt
agt acgcccc
at gacctt at
at ggt cgagg
ccaattttgt
ggggggcgeg
ggt gcggegg
cggcggegge
cttcgceccy
gcgttactcc
ttggtttaat
gagggccct t
agcgccgegt
ctttgtgcge
ggggggggct
99999t gt gg
gagcacggcc
ccgggcgggy
gagggct cgg

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt
atttacggta
ctatt gacgt
gggactttcc
t gagccccac
atttatttat
cgccaggcgg
cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggct t gt
t gt gcggggg
gcggcet ccge
t ccgcagt gt
gcgaggggaa
gcgegt cggt
cggct t cggg
ggt ggcggea
gggaggggcy

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




cggcggecce cggagcgecg gegget gtcg
at ggt aat cg tgcgagaggg cgcagggact
at ct gggagg cgccgccgeca ccccctctag
caggaaggaa at gggcgggg agggecttcg
tctccagect cggggcet gt c cgcgggggga

ggggttcgge ttctggegtg tgaccggegg
cttcttcttt ttcctacagc tcctgggcaa

t ggcaaagaa ttccagaagc caccat ggct
ctggctcttg ccgctctgtg tagectggtg
caagccctga gcctgetgca aagagttaga
at gaat accg tgctggtgga caacctggcc
accaagat ca ccggt ggt gg cggaggcgga
ggat ct gata cacacaagtc tgaggtggcc
ttcaaaggcc tggtgctggt cgecttcage
cacgt gaagc tggtcaacga agtgaccgag
gccgagaact gt gataagag cctgcacacc
acact gagag aaacctacgg cgagat ggcc
aacgagt gct tcctgcagca caaggacgac
gaagt ggacg tgatgtgcac cgccttccac
ct gt acgagg tggccagacg gcacccctac
gccaggt aca aggccgcectt cgccgaat gt
ctgcctaagc tggacgagct tagagacgag
aagt gt gcca gcctgcagaa gttcggegat
ctgagccaga agtttcccaa ggccgagttt
acaaaggt gc acaccgagtg ctgtcacggc
gacct ggcca agtacatgtg cgagaaccag
t gcgacaagc ctctgctgga aaagagccac
cccgecgatc tgecttctct ggeccgecgat
tacgccgagg ccaaggacgt gttcctggge
cccgactact ctgttatgcet gectgctgaga
aagtgttgtg ccgccgetga tccccacgag
ccact ggt gg aagaacccca gaacctggtc
ggcgagt aca agttccagaa cgccctgctc
tccacaccta cactggttga ggtgtcccgg
aagct gcct g aggccaagag aat gccctge
agact gt gcg tgctgcacga gaaaacccct
gagagcctgg tcaatcggag gecttgettt
cccaaggcct tcaacgccga gacattcacc
aaagaaaagc aagtgaagaa acagacagcc
gccaccaaag aacaactgaa gggcgtgatg
t gcaaggccyg acgacaaaga ggcctgcttc
tctcaagctg ctctggetta ataaggtacc
actacgcctg aggatccgat ctttttccct
cccttgagca tctgacttct ggetaataaa
ggaatttttt gtgtctctca ctcggaagca
atacccatta ccctggtaga taagtagcat
ctagtgatgg agttggccac tccctctctg
ccaaaggt cg cccgacgccc gggctttgec

ag

aggcgcggeg
tcctttgtce
cgggcgeggg
t gcgt cgecg
cggctgectt
ct ct agagcc
cgtgctggtt
cacgttcggg
cacagccagc
aggcacggcg
accagagact
ggat ct ggt g
caccggttca
cagt acctgc
ttcgccaaga
ctgttcggceg
gact gct gcg
aaccccaacc
gacaat gagg
ttttacgccc
t gt caggccg
ggcaaagcca
agagccttta
gccgaggt gt
gacct gct gg
gacagcat ca
t gt ct ggccg
t acgt ggaaa
atgtttctgt
ct ggccaagg
tgttacgcca
aagcagaact
gt gcggt aca
aacct gggaa
gccgaggat t
gt gt ccgaga
agcgccct gg
ttccacgccg
ct ggt cgagce
gacaacttcg
gcagaagagg
t ct agagcgg
ct gccaaaaa
ggaaatttat
attcgttgat
ggcgggt t aa
cgcgcet cgcet
cgggcggcect

agccgcagcec
caaatctgtg
gcgaagcggt
cgccgeegtc
cgggggggac
t ct gct aacc
att gt gct gt
gact gcagct
atgtgtttct
acggcagctt
tcatcaactg
gcggtggttc
aggacct ggg
agcagt gccc
cctgegt gge
acaagctgtg
ccaagcaaga
t gcct ccact
ccaccttcct
ct gaact gct
ct gat aaggc
gct ccgeccaa
aggcct ggge
ccaagct cgt
aat gcgccga
gcagcaagct
aggt ggaaaa
gcaaggacgt
acgagt acgc
cct acgaggc
aagtgttcga
gcgagcet gt t
ccaagaaggt
aagt gggcgce
acct gagcgt
aagt gaccaa
aact ggacga
acat gt gtac
t ggtt aagca
ccgeetttgt
gccct aagt t
ccgcct cgag
ttat ggggac
tttcattgca
ctgaatttcg
tcattaacta
cgct cactga
cagt gagcga

attgectttt
cggagccgaa
gcggegeegg
cccttcetecce
ggggcagggce
atgttcatgc
ctcatcattt
gcct ggat gt
ggct cct cag
cagcgacgag
gct gat ccag
t ggcggt gge
cgaagaacac
tttcgaggaa
cgacgagagc
t acagt ggcc
gcccgagaga
cgt cagaccc
gaagaaat ac
gttctttgec
cgcttgectg
gcagagact g
cgt cgct aga
gaccgacctg
cgat agagcc
gaaagagt gc
cgacgagat g
gt gcaagaac
ccgcagacac
cact ct ggaa
cgagttccag
cgagcagctg
gccccaggtt
caagtgttgc
ggt gct gaac
gt gct gt acc
ggcctacgtg
cct gagcgag
caagcct aag
ggaaaaat gc
t gt ggccgece
gacggggt ga
at cat gaagc
atagtgtgtt
accacccata
caaggaaccc
ggccgggcga
gcgagcgegce

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4382

3-38

3-38-1
3-38-2
3-38-3
3-38-4

3-38-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

38

DNA

5222

misc_feature 1..5222
note=synthetic construct
source 1..5222
mol_type=other DNA
organism=synthetic construct

ctgcgecget ¢ getcget cac t gaggecgec
ggt cgcccgg cctcagt gag cgagcgageg
aggggttcct tgtagttaat gattaacccg
atcctctaga actatagcta gtcgacattg
tacggggtca ttagttcata gcccatat at
tggccecgect gget gaccge ccaacgaccce

cgggcaaagc
cgcagagagg
ccat gct act
attattgact
ggagttccgce
ccgceecattg

ccgggegt cg
gagt ggccaa
tatct accag
agttattaat
gt tacat aac
ant caat aa

ggcgaccttt
ctccat cact
ggt aat gggg
agt aat caat
ttacggt aaa
t gacgt at gt

60

120
180
240
300
360




tcccatagt a
aact gcccac
caat gacggt
tacttggcag
gttctgcttc
tttttaatta
ggcggggcyg
gagcggegeg
aaagcgaagc
cgccgecgec
cgggcgggac
ttcttttctg
gagcggcet cg
gct gcecegge
gcgcgagggg
caaaggct gc
cgggct gcaa
t gcggggcet ¢

ggt gggggt g
cggcggeccce

at ggt aat cg
at ct gggagg
caggaaggaa
tctccagect
ggggt t cgge
cttecttettt
t ggcaaagaa
ctggctcttg
caagccct ga
at gaat accg
accaagat ca
ggaagttctc
cctgagtctg
gccggetctce
cccggaacaa
ccagaaagcg
ccagccacat
gaagggacat
gaaggtt cag
gct ggat ccc
cccggeact t
cctgagagtg
gaat ccgcca
cccggeact a
gagggct ccg
gaat ccgcaa
gaggggact a
ggaagt gaaa
acggaaccca
ccagggact a
gaaggcagt g
acagaaccga
gaagggact t
ccagagagt g
gagt ct gcaa
cccggaacct
gaaggat cag
gcaggcagcc
gaaggctctc
cccgaat ccg
gagt ccgcca
ccgggcacga
ggat ct gaaa
accgaaccta
gagggcact t

acgccaat ag
tt ggcagt ac
aaat ggcccg
tacatctacg
actctcccca
ttttgtgcag
ggcgaggggce
ct ccgaaagt
gcgeggeggg
t cgcgeegece
ggcccttcte
tggctgegtg
gggggt gegt
ggct gt gage
agcgcggecg
gt gcggggt g
ccceccct ge
cgt acggggce
ccgggcgggg
cggagcgcecg
t gcgagaggg
cgcecgecgea
at gggcgggg
cgggget gt c
ttctggegtg
ttcctacagc
tt ccagaagc
ccgectcetgtg
gcctget gca
tgct ggt gga
ccgacggt gg
ctgct ggcag
gccct ggcac
caacat ct ac
gcacagagcc
gacct ggctc
ct ggcagcga
ccgagagcgce
cccct ggaac
ctacat ccac
ccacagaacc
gacccggaac
ct ccagagt c
gt accgagcc
caccaggcac
cacccgagag
gcgagagcgce
cccct gggac
gt gaaggat ¢
gt act gagcc
cccct ggcac
gcgagggct ¢
ccaccgagcc
gcccaggttc
ccccggaaag
cagagagt gc
ctcccggecac
caacct ctac
ccgcaggct c
gacct ggaac
caccagaat ¢
gt gaat cagc
cgccagggac
gt gaaggct ¢
ct gagagcgce

ggactttcca
at caagt gt a
cctggcatta
tattagtcat
tctccceecce
cgat gggggce
ggggcggggce
ttccttttat
cgggagt cgc
cgccccggcet
ctccgggetg
aaagccttga
gcgt gt gt gt
gct gcgggeg
ggggcggt ge
t gt gcgt ggg
acccccctce
gt ggcgeggg
cggggecgec
gcgget gt cg
cgcagggact
cccectctag
agggccttcg
cgcgggggga
t gaccggegg
t cct gggcaa
caccat ggct
tagcctggtg
aagagtt aga
caacct ggcc
cggaggcgga
ccct acaagce
at ct acagag
cgaagaggga
tt cagaagga
t gaacct gcc
aacacct gga
taccccagaa
ctctaccgaa
agaagagggc
at ccgagggce
at ccact gag
cggaccagga
aagcgagggt
tt ccgaaagt
cggt cct gga
aact cct gaa
aagcgaaagt
t gcacccggg
tt ccgaaggt
aagcact gaa
tgctcct ggt
tt ccgaggga
t gaacccgct
t ggt cct ggt
t acaccggaa
t agcgaaagc
t gaagaaggt
acccact agt
t agcact gag
t ggt cct ggt
aacgccggaa
ctccgaat ca
cgcacct gga
tacgcct gag

ttgacgt caa
tcatatgcca
tgcccagt ac
cgctattacc
ct ccccaccce
9999999999
gaggcggaga
ggcgaggcgg
tgcgeget ge
ct gact gacc
taattagcgc
ggggct ccgg
gt gcgt gggg
cggcgegggg
ccecgeggt ge
ggggt gagca
ccgagttgct
gctcgeegtg
t cgggccggg
aggcgcggeg
tcctttgtce
cgggcgeggg
t gcgt cgecg
cggctgectt
ct ct agagcc
cgtgctggtt
cacgttcggg
cacagccagc
aggcacggcg
accagagact
ggat ct ggt g
accgaggaag
cct agcgaag
accagcaccg
tccgetcctg
acaagcggat
t caccagccg
t ct ggaccag
ccat cagaag
acctccactg
agtgcacctg
ccct ccgagg
t ct gagccag
agcgcaccag
gctactcctg
agt cct gcag
t caggccct g
gcaacgcccg
acat ctaccg
tctgcacctg
ccgt ccgaag
agt ccagcag
agcgctcctg
acttccggct
agcgaaccag
t ccggt ccag
gctacacctg
tccccagetg
acggaagaag
ccaagcgaag
tccgagcect g
tctggccecg
gctacgectg
agccectgcetg
t caggacct g

t gggt ggagt
agt acgcccc
at gacctt at
at ggt cgagg
ccaattttgt
ggggggcgeg
ggt gcggcgg
cggcggegge
cttcgeececg
gcgttactcce
ttggtttaat
gagggccct t
agcgccgegt
ctttgtgege
g9g9gggggct
99gggt gt gg
gagcacggcc
ccgggcgggg
gagggct cgg
agccgcagcec
caaatctgtg
gcgaagcggt
cgccgecegtc
cgggggggac
t ct gct aacc
att gt gct gt
gact gcagct
atgtgtttct
acggcagctt
tcatcaactg
gt ggt ggat c
gcacaagcga
gat ct gcccce
agccatctga
gcacctctga
ct gagacacc
gat ct cccac
gcaccagcac
gcagcgctcc
aacct agcga
gaaccagcga
gttcagctcc
ctaccagcgg
ggacaagt ac
aaagcggccce
gttcacctac
gat ccgaacc
agt caggacc
agccgt caga
gaacttccac
gcagtgctcc
gat ct ccaac
gaacat ccga
cagagact cc
caact agcgg
ggacgt ctac
aaagt ggt cc
gaagccccac
gcacgt ccga
gat cagcacc
ccacttcagg
gaagcgaacc
agtctggtcc
gaagcccaac
gaagcgaacc

atttacggta
ctatt gacgt
gggactttcc
t gagccccac
atttatttat
cgccaggcgg
cagccaat ca
ggccct at aa
tgcccegetc
cacaggt gag
gacggctt gt
t gt gcggggg
gcggct ccge
t ccgcagt gt
gcgaggggaa
gcgcgt cggt
cggct t cggg
ggt ggcggea
gggaggggcyg
attgectttt
cggagccgaa
gcggegeegg
cccttcetecce
ggggcagggce
atgttcatgc
ctcatcattt
gcct ggat gt
ggct cct cag
cagcgacgag
gct gat ccag
t ggcggcgga
gt ct gccaca
aggat ct cct
gggat ct gct
aagcgccaca
t ggaagcgag
ctctaccgag
agaaccct ct
aggttctccc
gggaagt gct
at ct gct acc
aggcacat ca
ct ct gaaaca
cgaaccgt ct
aggcact agc
cagcact gaa
tgctacctcc
cgggact agc
aggt tctgct
agagcccagt
cgggaccagt
t agcaccgaa
gt ccgcet acg
t gggact t ct
aagcgagaca
ggaaccgt ct
cggat ctcca
ttccact gag
gt ct gct act
cggaacct ct
at cagaaacc
ggct acgt ct
agggacat cc
gagt act gaa
t gcaacat cc

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260




ggct cagaaa caccagggac cagcgaaagc
gctggectctc ctactagtac agaggaaggc
gaaggt act a gcacagagcc cagcgagggt
cccgagt cag gtcctggtac aagcgagtca
gagt ct gcaa ctcctgagag cggt ccagga
ccaggttctg agcctgcaac gtccggaagc
acttcaaccg aagaggggac ctctacagag
acagaaccat ctgaaggatc cgcaccgggc
cctggcacca gtgaatccgce tactcccgag
gagggaagt g ccccaggcta at aaggt acc
actacgcctg aggatccgat ctttttccct
cccttgagca tctgacttct ggctaataaa
ggaatttttt gtgtctctca ctcggaagca
atacccatta ccctggtaga taagtagcat
ctagtgatgg agttggccac tccctctctg
ccaaaggt cg cccgacgccc gggctttgec

ag

gcaaccccag
agccectgcetg
t ccget cecgg
gctacgcccg
t cagaaccag
gaaacaccag
ccat cagagg
tctgagcctg
t ct ggccegg
t ct agagcgg
ct gccaaaaa
ggaaatttat
attcgttgat
ggcgggt t aa
cgcgcet cget
cgggcggcect

agagt ggacc
gct ccccaac
gaacttctga
aaagt ggacc
ccacctctgg
gcagt cctgc
gct ct gcacc
ctact agt gg
gaacgt ctac
ccgcct cgag
ttat ggggac
tttcattgca
ctgaatttcg
tcattaacta
cgct cactga
cagt gagcga

tggatct cca
gt caacagaa
at ct gct aca
t ggcacct ca
ct ct gagaca
cggaagt cct
gggcacct ca
aagcgaaact
t gaaccat ct
gacggggt ga
at cat gaagc
atagtgtgtt
accacccata
caaggaaccc
ggccgggcga
gcgagcgegce

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5222

3-39

3-39-1
3-39-2
3-39-3
3-39-4

3-39-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

39

DNA

3611

misc_feature 1..3611
note=synthetic construct
source 1..3611
mol_type=other DNA
organism=synthetic construct

ctgcgecget ¢ getcget cac t gaggecgec
ggt cgcccgg cctcagt gag cgagcgageg
aggggttcct tgtagttaat gattaacccg
agtacgcgtg ctagctaatg atgggcgctc
gcgct cgagt aat gat gggc gt ct agct aa
gact aat gat gggcgct cga gt aat gat gg
t gat gggcgg tcgactaatg atgggcgcetc
aattcaacat tttgacaccc ccataatatt
cttgttcaag agttccctat cactctcttt
ccacaagctt gccctgcage gggaattcgce
gttcggggac tgcagctgec tggatgtctg
agccagcatg tgtttctggce tcctcagcag
cacggcgacg gcagcttcag cgacgagatg
agagacttca tcaactggct gatccagacc
ggat ctggt g gcggt ggttc tggcggt ggc
ccctgtcctg ctccagaact getcggecgga
aaggacaccc tgatgatcag cagaacccct
caagaggat ¢ ctgaggtgca gttcaattgg
cagacaaagc ccagagagcg gcagttcaac
gt gacacacc aggattggct gaacggcaaa
ctgcctgetc ctatcgagaa aaccatcagc
gtgtacatcc tgcctccacc tcaagaggaa
ctggtcaccg gcttctacce ttccgatatc
gagaacacct acaagaccac acctccagtg
t ccaagct ga cagt gaacaa gagccggt gg
at gcacgagg ccctgcacaa ccactacacc
taaggtaccg atctttttcc ctctgccaaa
catctgactt ctggctaata aaggaaattt
ttgtgtctct cactcggaag gcgcgaccgg
ctggacgtcc tcctgectggt atagttattt
ggttcacgcc tgtaatccca gcaatttggg
ggagtt ggag accagcctgg ccaat at ggt
ttagct gagc ctggtcatgc atgcctggaa
aatcgcttga acccaggagg cggagattgc
cgattccaat tcagcggggg ccacctgatg
ccacgggtta acccgggt gc gcggegt cgg
cggt gt aggg ctccaggcag gcggcgaagg
gcacgccgt g aaccaggt gc gcct gcgggce

cgggcaaagc
cgcagagagg
ccat gct act
gagt aat gat
t gat gggcgce
gcgt ct aget
gagt aat gat
tttccagaat
aat cact act
cctgcagegg
gctcttgeeg
gccct gagec
aat accgt gc
aagat caccg
ggatctgctg
ccttccgtgt
gaagt gacct
t acgt ggacg
agcacct aca
gagt acacct
aaggccaagg
ct gaccaaga
gcegt ggagt
ct ggacagcg
cagcccggcea
cagaaaagcc
aatt at gggg
attttcattg
tt gggcat gg
t aaaat caga
aggccaaggt
gaaaccccgt
t cccaacaac
agt gagccaa
t cccggecag
t ggt gccggce
ccat gacgtg
cgcgcgcgaa

ccgggegt cg
gagt ggccaa
tatctacgta
gggcggt cga
t cgagt aat g
aat gat gggc
gggcgt ct ag
taacagtata
cacagt aacc
gaat t gccac
ctctgtgtag
t gct gcaaag
t ggt ggacaa
acggt ggt gg
agtttacccc
tcctgtttce
gcgt ggt ggt
gcgt ggaagt
gagt ggt gt ¢
gt aaagt ctc
gccagcect ag
accaggt gt c
gggagagcaa
acggctctta
acatcttcac
tgagecgtgtc
acat cat gaa
caat agt gt g
ccaggt agcc
aggacaggga
gggt agat ca
ctctaccaaa
t cgggagget
gattgtgcca
cagaggaagc
ggggggcgec
cgct at gaag
caccgccacg

ggcgaccttt
ctccat cact
gccat get ct
ct aat gat gg
at gggcggt ¢
gct cgagt aa
aacgcgaat t
aat t gcat ct
tcaactcctg
cat ggct cac
cct ggt gcac
agt t agaagg
cct ggccacce
cggaggcgga
tccttgtcct
t ccaaagcct
ggacgt gt cc
gcacaacgcc
cgt gct gacc
caacaagggc
agaaccccag
cct gacct gt
cggacagccce
cctgetgtac
ctgttctgtg
ccct ggat aa
gcccctt gag
ttggaatttt
tatgctgtgt
agggagcagt
cctgagatta
aaaacaaaaa
gaggcaggag
ct gcact cat
aacgcgggga
aggt cgcagg
gtctgct cct
tcctcgectg

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
1860
1920
1980
2040
2100
2160
2220
2280




cgtgggtctc ttcgtccagg ggcactgcetg
cgctctcggt aacat ccggc cgggcgecgt
at aggaggac cgt gtaggcc ttcctgtccc
agct ccctcg cagggggt ag cct ccgaagg
ggct cagcgt gtcctcctcg ctggtgaget
tgatcgtctc agtcagtgcc cggtaagecce
caccct ccac gaagaggaag aagccgcggg
ctgtcatctc catcagggag gggtccagtg
ctccaggct ¢ aaagagaccc at gagat ggg
gctcagtgcg gttccacaca taccgggcac
gattcttccc gtccagecctg gtcccacctt
gggttcccat gcggaacatg tactttcggce
t ggagat gag ctgcgtagcg at gtcctgge
cggcgtccga gtaccagttg cggttcaccg
gctgcactcg tgtggtggtt accactccca
tcacggagat gacctcgttg ccgcgtgtcg
t caagccaat ggtctggaag ttgcccttga
cactgtctgg cacatgtttg tctacattgt
ggt ccat ggc caggggt atc tcaggcccca
acgt cgagac tagagcatgg ctacgt agat
aaggaacccc tagtgatgga gttggccact
gccgggecgac caaaggt cgc ccgacgcccg

cgagcgcgca ¢

actgct gccg
cctt gagcac
gggccttgece
agaagacgtg
ggccegecct
tgctttcatg
ggttcctgcet
t ggagt ct cg
t cacagacgg
cctggegett
ggct gt agt ¢
ct ccacct ag
acccctcctg
t gt gggcgt a
ctgacttccc
tgttgcactg
ccccgeacag
atgtcttgga
gtttgtcctt
aagt agcat g
ccctetetge
ggctttgecce

at act cgggg
at agcct gga
aggggccagce
ggagt ggt cg
ct caat ggcg
at gaccat gg
cagcaggcgce
gtggat ctcg
gt ccagggaa
cgccagccat
at ct gggt ac
gat cacgt ca
gcgggecgag
ggt gccggcet
tgctttcttg
gtt aaagcgg
gt aggccgt g
cagagccaca
cttctgecect
gcgggt t aat
gcgct cget e
gggcggectc

ctccegcet ct
ccgtttccegt
ccgaagat gg
gcagt gacga
t cgt cgaaca
t cgat gcgac
agggcagcct
tatttcatgt
gcct gcat ga
tcctgcacca
tcagggtctg
at gt ccat gt
gcaggcacgt
ggcgaggegt
gcccgattca
gcggct gcac
gct gt ggctc
t at gggaagc
tttaggatct
cattaactac
gct cact gag

agt gagcgag

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3611

3-40

3-40-1
3-40-2
3-40-3
3-40-4

3-40-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

40

DNA

4667

misc_feature 1..4667
note=synthetic construct
source 1..4667
mol_type=other DNA
organism=synthetic construct

ctgcgecget ¢ getcget cac t gaggecgec
ggt cgcccgg cctcagt gag cgagcgageg
aggggttcct tgtagttaat gattaacccg
agtacgcgtg ctagctaatg atgggcgctc
gcgct cgagt aat gat gggc gt ct aget aa
gact aat gat gggcgct cga gt aat gat gg
t gat gggcgg tcgactaatg atgggcgcetc
aattcaacat tttgacaccc ccataatatt
cttgttcaag agttccctat cactctcttt
ccacaagctt gccctgcagc gggaattcca
cagctgectg gatgtctgge tcttgecget
tttctggctc ctcagcaagc cctgagcectg
agcttcagcg acgagat gaa taccgtgctg
aact ggctga tccagaccaa gatcaccggt
ggttctggcg gtggcggatc tgatacacac
ctgggcgaag aacacttcaa aggcctggtg
tgccctttcyg aggaacacgt gaagctggtc
gt ggccgacg agagcgccga gaact gt gat
ctgtgtacag tggccacact gagagaaacc
caagagcccg agagaaacga gtgcttcctg
ccactcgtca gacccgaagt ggacgtgatg
ttcctgaaga aatacctgta cgaggtggcc
ctgctgttct ttgccgccag gtacaaggcc
aaggccgctt gectgetgee taagetggac
gccaagcaga gactgaagtg tgccagectg
tgggccgt cg ctagactgag ccagaagttt
ctcgtgaccg acctgacaaa ggtgcacacc
gccgacgat a gagccgacct ggccaagt ac
aagct gaaag agtgctgcga caagcctctg
gaaaacgacg agat gcccgc cgatctgcect
gacgt gt gca agaact acgc cgaggccaag
tacgcccgca gacaccccga ctactctgtt

cgggcaaagc
cgcagagagg
ccat gct act
gagt aat gat
t gat gggcgce
gcgt ct aget
gagt aat gat
tttccagaat
aat cact act
gaagccacca
ct gt gt agcc
ct gcaaagag
gt ggacaacc
ggt ggcggag
aagt ct gagg
ct ggt cgcecet
aacgaagt ga
aagagcct gc
t acggcgaga
cagcacaagg
tgcaccgect
agacggcacc
gccttcgeeg
gagctt agag
cagaagttcg
cccaaggccg
gagtgctgtc
at gt gcgaga
ct ggaaaaga
tctctggecg
gacgtgttcc
at gct gctgc

ccgggegt cg
gagt ggccaa
tatctacgta
gggcggt cga
tcgagt aatg
aat gat gggc
gggcgt ct ag
t aacagt at a
cacagt aacc
t ggct cacgt
t ggt gcacag
tt agaaggca
t ggccaccag
gcggaggat ¢
t ggcccaccg
t cagccagt a
ccgagttcgce
acaccctgtt
tggccgact g
acgacaaccc
t ccacgacaa
cctactttta
aatgttgtca
acgagggcaa
gcgat agagc
agtttgccga
acggcgacct
accaggacag
gccact gt ct
ccgattacgt

tgggcat gtt
t gagact ggc

ggcgaccttt
ctccat cact
gccat get ct
ct aat gat gg
at gggcggt ¢
gct cgagt aa
aacgcgaat t
aattgcatct
tcaactcctg
t cggggact g
ccagcatgtg
cggcgacggce
agacttcatc
t ggt ggcggt
gt t caaggac
cctgcagcag
caagacct gc
cggcgacaag
ctgcgccaag
caacct gcct
t gaggccacc
cgccect gaa
ggccgct gat
agccagctcc
ctttaaggcc
ggt gt ccaag
gct ggaat gc
cat cagcagc
ggccgaggt g
ggaaagcaag
t ct gt acgag
caaggcct ac

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
1860
1920




gaggccact ¢ tggaaaagtg ttgtgccgec
ttcgacgagt tccagccact ggtggaagaa
ctgttcgagc agctgggcga gtacaagttc
aaggt gcccc aggtttccac acctacactg
ggcgccaagt gttgcaagct gcctgaggcec
agcgt ggt gc t gaacagact gtgcgtgctg
accaagt gct gtaccgagag cctggt caat
gacgaggcct acgtgcccaa ggccttcaac
tgtaccct ga gcgagaaaga aaagcaagtg
aagcacaagc ctaaggccac caaagaacaa
tttgtggaaa aatgctgcaa ggccgacgac
aagtttgtgg ccgcctctca agetgcetctg
gccaaaaatt atggggacat catgaagccc
aaatttattt tcattgcaat agtgtgttgg
gaccggttgg gcatggccag gtagectatg
ttattttaaa atcagaagga cagggaaggg
tttgggaggc caaggtgggt agatcacctg
t at ggt gaaa ccccgtctct accaaaaaaa
ct ggaat ccc aacaact cgg gaggct gagg
gattgcagtg agccaagatt gtgccactgc
ctgat gt ccc ggccagcaga ggaagcaacg
cgtcggtggt gccggegggg ggegecaggt
cgaaggccat gacgtgcgct at gaaggt ct
gcgggecgeg cgcgaacacc gccacgt cct
ctgctgactg ctgccgatac tcggggcetcc
cgccgtcctt gagcacatag cctggaccgt
t gt cccggge cttgccaggg gccagceccga
cgaaggagaa gacgtgggag tggtcggcag
t gagct ggcc cgcectctca at ggegt cgt
aagccctgect ttcatgatga ccatggtcga
cgcgggggtt cctgcet cage aggcgcaggg
ccagtgtgga gtctcggtgg atctcgtatt
gat gggt cac agacgggt cc agggaagcct
gggcaccctg gcgettcgee agecattccet
caccttggct gtagtcatct gggtactcag
ttcggcctcc acctaggatc acgtcaat gt
cctggcaccc ctcctggegg gccgaggeag
tcaccgt gt g ggcgtaggtg ccgget ggcg
ctcccactga cttccetget ttcttggecce
gtgtcgtgtt gcactggtta aagcgggcgg
ccttgacccc gcacaggtag gccgtggcetg
cattgtatgt cttggacaga gccacatatg
gcccecagttt gtccttcttc tgecectttta
gt agat aagt agcat ggcgg gttaatcatt
gccactccct ctctgegege tcgetcgetce

cgcceggget ttgeccggge ggectcagtg

gctgat ccce
ccccagaacc
cagaacgccc
gt t gaggt gt
aagagaat gc
cacgagaaaa
cggaggcct t
gccgagacat
aagaaacaga
ct gaagggcg
aaagaggcct
gctt aat aag
cttgagcatc
aattttttgt
ctgtgtctgg
agcagt ggtt
agat t aggag
caaaaattag
caggagaat ¢
act cat cgat
cggggaccac
cgcaggcggt
gct cct gcac
cgcctgegtg
cgct ct cgcet
ttccgt atag
agat ggagct
t gacgaggct
cgaacat gat
t gcgaccacc
cagcctct gt
tcatgtctcc
gcat gagct c
gcaccagat t
ggt ct ggggt
ccatgttgga
gcacgt cggc
aggcgtgcetg
gatt cat cac
ctgcact caa
t ggct ccact
ggaagcggt ¢
ggat ct acgt
aact acaagg
act gaggccg
agcgagcgag

acgagtgtta
t ggt caagca
tgctcgtgecg
cccggaacct
cctgegecga
ccecctgtgte
gctttagege
tcaccttcca
cagccct ggt
t gat ggacaa
gcttcgcaga
gt accgat ct
tgacttctgg
gtctctcact
acgt cctcct
cacgcctgta
tt ggagacca
ct gagcct gg
gctt gaaccc
tccaattcag
gggt t aaccc
gt agggct cc
gccgt gaacc
ggtctcttcg
ct cggt aaca
gaggaccgtg
ccct cgcagg
cagcgtgtcc
cgtctcagtc
ct ccacgaag
catctccatc
aggct caaag
agtgcggttc
cttceccgtcce
t cccat gcgg
gat gagct gc
gt ccgagt ac
cactcgtgtg
ggagat gacc
gccaat ggtc
gt ct ggcaca
cat ggccagg
cgagact aga
aacccct agt
ggcgaccaaa

cgcgcag

cgccaaagtg
gaact gcgag
gt acaccaag
gggaaaagt g
ggattacctg
cgagaaagt g
cct ggaactg
cgccgacatg
cgagct ggt t
cttcgecgece
agagggccct
ttttccctct
ct aat aaagg
cggaaggcgce
gct ggt at ag
at cccagcaa
gcct ggccaa
t cat gcat gc
aggaggcgga
cgggggecac
gggt gcgcgg
aggcaggcgg
aggt gcgcecet
t ccaggggca
t ccggecggg
taggccttcc
gggt agect ¢
tcctcgetgg
agt gcccggt
aggaagaagc
agggaggggt
agacccat ga
cacacat acc
agcct ggt cc
aacat gt act
gt agcgat gt
cagt t gcggt
gtggttacca
tcgttgeege
t ggaagttgc
tgtttgtcta
ggt at ct cag
gcat ggct ac
gat ggagttg
ggt cgeccga

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
4667

3-41

3-41-1
3-41-2
3-41-3
3-41-4

3-41-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

41

DNA

3611

misc_feature 1..3611
note=synthetic construct
source 1..3611
mol_type=other DNA
organism=synthetic construct

ctgcgecget ¢ getcget cac t gaggecgec
ggt cgcccgg cctcagt gag cgagcgageg
aggggttcct tgtagttaat gattaacccg
agtacgcgtg ctagctaatg atgggcgctc
gcgct cgagt aat gat gggc gt ct agct aa
gact aat gat gggcgct cga gt aat gat gg
t gat gggcgg tcgactaatg atgggcgcetc
aattcaacat tttgacaccc ccataatatt
cttgttcaag agttccctat cactctcttt

cgggcaaagc
cgcagagagg
ccat gct act
gagt aat gat
t gat gggcgce
gcgt ct aget
gagt aat gat
tttccagaat
aat cact act

ccgggegt cg
gagt ggccaa
tatctacgta
gggcggt cga
t cgagt aat g
aat gat gggc
gggcgt ct ag
taacagtata
cacagt aacc

ggcgaccttt
ctccat cact
gccat get ct
ct aat gat gg
at gggcggt ¢
gct cgagt aa
aacgcgaat t
aattgcatct
tcaactcctg

60

120
180
240
300
360
420
480
540




ccacaagctt gccctgcagc gggaattcgc cctgcagcgg gaattgccac catggcetcac 600
gttcggggac tgcagctgec tggatgtctg getcttgeecg ctetgtgtag cctggtgcac 660
agccagcacg tgtttctggc tcctcagcaa gccagatcac tgctgcagag agttagaagg 720
cacggcgacg gcagcttcag cgacgagatg aacaccatcc tggacaacct ggccgccaga 780
gacttcatca actggctgat ccagaccaag atcaccgacg gtggcggagg cggaggatct 840
ggt ggt ggt g gat ctggcgg cggaggttct gccgagtcta agtacggacc tccttgtcct 900
ccctgtcctg ctccagaagce tgcetggegge ccatccgtgt ttctgttcece tccaaagecct 960
aaggacaccc tgatgatcag cagaacccct gaagtgacct gcgtggtggt cgacgtgtcc 1020
caagaggat c ctgaggtgca gttcaattgg tacgtggacg gcgtggaagt gcacaacgcc 1080
aagaccaagc ctagagagga acagttcaac agcacctaca gagtggtgtc cgtgctgacc 1140
gtgct gcacc aggattggct gaacggcaaa gagtacaagt gcaaggtgtc caacaagggc 1200
ctgcctagca gcatcgagaa aaccatcagc aaggccaagg gccagccaag agaaccccag 1260
gtgtacacac tgcctccaag ccaagaggaa atgaccaaga accaggtgtc cctgacctgc 1320
ctggtcaagg gcttctaccc ttccgatatc gccgtggaat gggagagcaa cggccagcct 1380
gagaacaact acaagaccac acctcctgtg ctggactccg atggctcatt cttcctgtac 1440
agcagact ga ccgtggacaa gagcaggtgg caagagggca acgtgttcag ctgcagcgtg 1500
at gcacgagg ccctgcacaa ccactacacc cagaaaagcc tgagcctgtc tctgggctaa 1560
taaggtaccg atctttttcc ctctgccaaa aattatgggg acatcatgaa gccccttgag 1620
catctgactt ctggctaata aaggaaattt attttcattg caatagtgtg ttggaatttt 1680
ttgtgtctct cactcggaag gcgcgaccgg ttgggcatgg ccaggtagcc tatgctgtgt 1740
ctggacgtcc tcctgectggt atagttattt taaaatcaga aggacaggga agggagcagt 1800
ggttcacgcc tgtaatccca gcaatttggg aggccaaggt gggtagatca cctgagatta 1860
ggagtt ggag accagcct gg ccaat at ggt gaaaccccgt ctctaccaaa aaaacaaaaa 1920
ttagctgagc ctggtcatgc atgcctggaa tcccaacaac tcgggaggct gaggcaggag 1980
aat cgcttga acccaggagg cggagattgc agtgagccaa gattgtgcca ctgcactcat 2040
cgattccaat tcagcggggg ccacctgatg tcccggccag cagaggaagc aacgcgggga 2100
ccacgggtta acccgggt gc gcggcegtcgg tggtgccgge ggggggcgec aggt cgcagg 2160
cggt gt aggg ctccaggcag gcggcgaagg ccatgacgtg cgctatgaag gtctgctcct 2220
gcacgccgtg aaccaggt gc gcct gcgggc cgcgcgcgaa caccgccacg tcctcgectg 2280
cgtgggtctc ttcgtccagg ggcactgcectg actgctgeccg atactcgggg ctcccgetct 2340
cgctctcggt aacatccggc cgggcgccgt ccttgagcac atagcctgga ccgtttccgt 2400
at aggaggac cgtgtaggcc ttcctgtccc gggeccttgecc aggggccagc ccgaagatgg 2460
agctccctcg cagggggt ag cct ccgaagg agaagacgtg ggagtggtcg gcagt gacga 2520
ggct cagcgt gtcctcctcg ctggtgagct ggcccgeccct ctcaatggecg tcgtcgaaca 2580
tgatcgtctc agtcagtgcc cggtaagccc tgctttcatg atgaccatgg tcgatgcgac 2640
caccct ccac gaagaggaag aagccgcggg ggttcctgcet cagcaggcgc agggcagcct 2700
ctgtcatctc catcagggag gggtccagtg tggagtctcg gtggatctcg tatttcatgt 2760
ctccaggct c aaagagaccc at gagatggg tcacagacgg gtccagggaa gcctgcatga 2820
gctcagtgcg gttccacaca taccgggcac cctggcgctt cgccagccat tcctgcacca 2880
gattcttccc gtccagcctg gtcccacctt ggctgtagtc atctgggtac tcagggtctg 2940
gggttcccat gcggaacatg tactttcggc ctccacctag gatcacgtca atgtccatgt 3000
t ggagat gag ctgcgtagcg atgtcctggc acccctcctg gcgggccgag gcaggcacgt 3060
cggcgtccga gtaccagttg cggttcaccg tgtgggcgta ggtgccgget ggcgaggcgt 3120
gctgcactcg tgtggtggtt accactccca ctgacttccc tgctttcttg gcccgattca 3180
tcacggagat gacctcgttg ccgcgtgtcg tgttgcactg gttaaagcgg gcggctgcac 3240
tcaagccaat ggtctggaag ttgcccttga ccccgcacag gtaggccgtg getgtggetc 3300
cactgtctgg cacatgtttg tctacattgt atgtcttgga cagagccaca tatgggaagc 3360
ggt ccat ggc caggggtatc tcaggcccca gtttgtcctt cttctgccct tttaggatct 3420
acgt cgagac tagagcatgg ctacgtagat aagtagcatg gcgggttaat cattaactac 3480
aaggaacccc tagtgatgga gttggccact ccctctctgec gcgctcgetc gctcactgag 3540
gccgggcgac caaaggt cgc ccgacgcccg ggctttgecc gggecggect c agt gagcgag 3600

cgagcgcgca g 3611
3-42 Sequences
3-42-1 Sequence Number [ID] 42
3-42-2 Molecule Type DNA
3-42-3 Length 4664
3-42-4 Features Location/ misc_feature 1..4664
Qualifiers note=synthetic construct
source 1..4664
mol_type=other DNA
organism=synthetic construct
NonEnglishQualifier Value
3-42-5 Residues ctgcgcgetc gectcgcetcac tgaggccgecc cgggcaaagc ccgggcgtcg ggcgaccttt 60

ggt cgcccgg cctcagt gag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180




agt acgegtg
gcgct cgagt
gact aat gat
t gat gggcgg
aatt caacat
cttgttcaag
ccacaagctt
cagctgcctg
tttctggctc
agct t cageg
t ggct gat cc
tctggcggeg
ggcgaagaga
cccttcgagg
gccgacgaga
t gt acagt gg
gagcccgaga
ct cgt gcggce
ct gaagaagt
ctgttcttcg
gctgect gee
aagcagagac
gcecgttgeta
gt gaccgacc
gacgat agag
ct gaaagagt
aacgacgaga
gt gt gcaaga
gcccgcagac
acaaccct gg
gacgagttca
tt cgagcagc
gt gccccagg
agcaagt gtt
gt ggt gct ga
aagtgctgta
gagacat acg
accct gagcg
cacaagccca
gt ggaaaagt
ctggt ggceg
aaaaattatg
tttattttca

cggttgggca
ttttaaaatc

gggaggccaa
ggt gaaaccc
gaat cccaac
t gcagt gagc
at gt cccggce
cggt ggt gcc
aggccat gac
ggccgegege
ctgactgctg
cgtccttgag
cccgggect t
aggagaagac
gct ggcecgce
ccctgetttce
gggggt t cct
gt gt ggagt ¢
gggt cacaga
caccct ggcg
cttggctgta
ggcct ccacc

ctagctaatg
aat gat gggc
gggcget cga
tcgactaatg
tttgacaccc
agttccctat
gccct gcagce
gat gt ct ggc
ct cagcaagc
acgagat gaa
agaccaagat
gaggttctga
atttcaaggc
accacgt gaa
gcgccgagaa
ccacact gag
gaaacgagt g
ct gaagt gga
acct gt acga
ccaagcggt a
tgctgect aa
t gaagt gt gc
gact gagcca
t gacaaaggt
ccgacct ggc
gct gcgagaa
tgcccgeega
act acgccga
accccgact a
aaaagtgctg
agccact ggt
t gggcgagt a
tttccacacc
gcaagcaccc
at cagctgtg
ccgagagcct
t gcccaaaga
agaaagagcg
aggccaccaa
gct gcaaggce
cttctcaggc
gggacat cat
tt gcaat agt
t ggccaggt a
agaaggacag
ggt gggt aga
cgtctctacc
aact cgggag
caagattgtg
cagcagagga
ggcggggggce
gtgcgctatg
gaacaccgcc
ccgat actcg
cacat agcct
gccaggggec
gt gggagt gg
cctctcaatg
at gat gacca
gct cagcagg
tcggt ggatc
cgggt ccagg
cttcgccage

gt cat ct ggg
t aggat cacg

at gggcgcetc
gt ct agct aa

gt aat gat gg
at gggcgcetc
ccataatatt
cactctcttt
gggaattcca
tcttgecget
cagat cactg
caccatcctg
caccgacggt
cgcccacaaa
cctggtgcetg
gct ggt caac
ct gt gat aag
agaaacct ac
cttcctgcag
cgtgatgtgc
gat cgccaga
t aaggccgcece
gct ggacgag
cagcct gcag
gagatttccc
gcacaccgag
caagt acat ¢
gcctcetgetg
tctgecttct
ggccaaggac
ctetgttgtg
t gccgecget
ggaagaaccc
caagttccag
tacact ggtt
t gaggccaag
cgtgct gcac
ggt caacaga
gttcaacgcc
gcagat caag
agaacagctg
cgacgacaaa
tgctctggga
gaagcccctt
gt gt t ggaat
gcctatgcetg
ggaagggagc
t cacct gaga
aaaaaaacaa
gct gaggcag
ccact gcact
agcaacgcgg
gccaggt cgc
aaggt ct gct
acgt cctcgc
gggct ccecge
ggaccgtttc
agcccgaaga
t cggcagt ga
gcgt cgt cga
t ggt cgat gc
cgcagggcag
tcgtatttca
gaagcct gca
cattcctgca
t act cagggt
t caat gt cca

gagt aat gat
t gat gggcgce
gcgt ct aget
gagt aat gat
tttccagaat
aat cact act
gaagccacca
ct gt gt agcc
ct gcagagag
gacaacct gg
ggcggaggcg
t ct gaagt gg
atcgecttcg
gaagt gaccg
agcct gcaca
ggcgagat gg
cacaaggacg
accgecttcce
cggcacccct
ttcaccgagt
cttagagacg
aagt t cggcg
aaggccgagt
tgctgccacg
t gcgagaacc
gaaaagagcc
ct ggccgcecg
gtgttcctgg
ctgctgctga
gat cct cacg
cagaacct ga
aacgccctgc
gaggt gt ccc
agaat gccct
gagaaaaccc
cggcct tget
gagacattca
aaacagact g
aaggccgt ga
gagacct gct
t aat aaggt a
gagcat ct ga
tttttgtgtc
t gt ct ggacg
agt ggtt cac
ttaggagttg
aaattagctg
gagaat cgct
catcgattcc
ggaccacggg
aggcggt gt a
cctgcacgcce
ctgcgt gggt
tctcgetcetce
cgt at aggag
t ggagct ccc
cgaggct cag
acat gat cgt
gaccaccctc
cctct gt cat
t gt ct ccagg
t gagct cagt
ccagattctt
ctggggttcc
t gt t ggagat

gggcggt cga
tcgagt aatg
aat gat gggc
gggcgt ct ag
t aacagt at a
cacagt aacc
t ggct cacgt
t ggt gcacag
tt agaaggca
ccgccagaga
gaggat ct gg
cccaccggtt
ct cagt acct
agttcgccaa
ccctgttcgg
ccgactgctg
acaaccccaa
acgacaacga
acttttacgc
gtt gt caggc
agggcaaagc
agagagcct t
tt gccgaggt
gcgacct get
aggacagcat
act gt at cgc
attttgtgga
gcatgtttct
gact ggccaa
agtgttacgc
t caagcagaa
tcgtgeggta
ggaacct ggg
gcgccgagga
ctgtgtccga
ttagcgcect
ccttccacge
ccct ggt gga
t ggacgactt
t cgccgaaga
ccgatctttt
cttctggcta
tct cact cgg
tcctcctget
gcctgtaatc
gagaccagcc
agcct ggt ca
t gaacccagg
aatt cagcgg
ttaacccggg
gggct ccagg
gt gaaccagg
ctcttcgtcce
ggt aacat cc
gaccgt gt ag
t cgcaggggg
cgtgtcctcce
ct cagt cagt
cacgaagagg
ct ccat cagg
ct caaagaga
gcggttccac
cccgt ccage
cat gcggaac
gagct gcgt a

ct aat gat gg
at gggcggt ¢
gct cgagt aa
aacgcgaat t
aatt gcatct
tcaactcctg
t cggggact g
ccagcacgtg
cggcgacggce
cttcatcaac
t ggt ggt gga
caaggacctg
gcagcagt gc
gacctgcgtg
cgacaagctg
cgccaagcaa
cctgect aga
ggaaaccttc
ccctgagetg
cgct gat aag
cagct ccgcece
t aaggcct gg
gt ccaagct c
ggaat gcgcc
cagcagcaag
cgaggt ggaa
aagcaaggac
gt acgagt ac
aacct acgag
caaggtgttc
ctgcgagcetg
caccaagaag
caaagt gggc
ttacct gagc
cagagt gacc
cgaggt ggac
cgacat ct gt
act ggt caag
cgccgecettce
gggcaagaaa
tccctctgee
at aaaggaaa
aaggcgcgac
ggtatagtta
ccagcaattt
t ggccaat at
tgcatgcctg
aggcggagat
gggccacctg
t gcgcggegt
caggcggcga
tgcgect gcg
aggggcact g
ggccgggegce
gccttcectgt
tagcct ccga
t cgct ggt ga
gcccggt aag
aagaagccgc
gaggggt cca
cccat gagat
acat accggg
ct ggt cccac
atgtactttc
gcgat gt cct

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
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




ggcacccct ¢ ctggcgggec gaggcaggca
ccgt gt ggge gt aggt gccg get ggcgagyg
ccactgactt ccctgctttc ttggcccgat
tcgtgttgca ctggttaaag cgggcggetg
t gaccccgca caggtaggcc gtggetgtgg
tgtatgtctt ggacagagcc acatatggga
ccagtttgtc cttcttctgec ccttttagga
gat aagt agc at ggcgggtt aatcattaac
actccctctc tgcgegetcg ctcgcet cact

ccgggetttg cccgggegge ctcagt gage

cgt cggegt c
cgtgct gcac
t cat cacgga
cact caagcc
ctccactgtc
agcggt ccat
tctacgtcga
t acaaggaac
gaggccgggce
gagcgagcgce

cgagt accag
tcgtgtggtg
gat gacct cg
aat ggt ct gg
t ggcacat gt
ggccaggggt
gact agagca
ccct agt gat
gaccaaaggt
gcag

ttgcggttca
gttaccactc
ttgccgegtg
aagt t gccct
ttgtctacat
at ct caggcc
tggctacgta
ggagt t ggcc
cgccecgacgce

4140
4200
4260
4320
4380
4440
4500
4560
4620
4664

3-43

3-43-1
3-43-2
3-43-3
3-43-4

3-43-5
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43

DNA

2911

misc_feature 1..2911
note=synthetic construct
source 1..2911
mol_type=other DNA
organism=synthetic construct

ctagtcgaca ttgattattg actagttatt
atagcccata tatggagttc cgcgttacat
cgcccaacga cccccgeeca ttgacgtcaa
tagggacttt ccattgacgt caatgggtgg
tacat caagt gtatcatatg ccaagtacgc
ccgecetggea ttatgeccag tacatgacct
acgtattagt catcgctatt accatggtcg
ccatctccce cccctcececa cecccaattt
cagcgat ggg 9gcggggggy 9ggggggggc
ggcggggcgg ggcgaggcgg agaggt gcgg
agtttccttt tatggcgagg cggcggcggce
gggcgggagt cgctgegege tgecttcgece
gcccgeeccg getctgactg accgegttac
ctcctcecggg ctgtaattag cgettggttt
gt gaaagcct tgaggggcetc cgggagggcc
cgtgcgtgtg tgtgtgcgtg gggagegeeg
agcgct gcgg gegeggegeg gggetttgtg
ccgggggegg tgccccgegy tgcggggggy
gtgtgtgcgt gggggggt ga gcagggggt g
tgcacccece tcceccgagtt getgagcacg
ggcgt ggege ggggct cgee gt geccgggey
gggcggggec gect cgggee ggggagggct
ccggegget g t cgaggcgeg gecgageccgea
gggcgcaggg acttcctttg tcccaaatct
gcaccccct ¢ tagcgggege ggggcgaagce
gggagggect tcgtgegtcg ccgegecgec
gt ccgcgggg ggacgget ge cttcgggggg
gt gt gaccgg cggctctaga gectctgeta
agct cct ggg caacgtgetg gttattgtge
tgcagcggga attgccacca tggctcacgt
tcttgecget ctgtgtagec tggtgcacag
cagat cactg ctgcagagag ttagaaggca
caccat cctg gacaacctgg ccgccagaga
caccgacggt ggcggaggcg gaggat ctgg
cgagt ctaag tacggacctc cttgtcctcc
atccgtgttt ctgttccctc caaagcctaa
agt gacctgc gtggtggtcg acgtgtccca
cgt ggacggc gtggaagtgc acaacgccaa
cacctacaga gtggtgtccg tgctgaccgt
gt acaagt gc aaggt gt cca acaagggcct
ggccaagggc cagccaagag aaccccaggt
gaccaagaac caggtgtccc tgacctgcecet
cgt ggaat gg gagagcaacg gccagcct ga
ggact ccgat ggctcattct tcctgtacag
agagggcaac gtgttcagct gcagcgtgat

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccce
tgtatttatt
gcgegecagg
cggcagccaa
ggcggecct a
ccgtgccecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgt gcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegt ¢
gcceggettce
99999t ggcg
cgggggaggg
gccat t gect
gt gcggagcce
ggt gcggegce
gtccccttct
gacggggcag
accatgttca
tgtctcatca
t cggggact g
ccagcacgtg
cggcgacggce
cttcat caac
t ggt ggt gga
ctgtcctget
ggacaccctg
agaggat cct
gaccaagcct
gct gcaccag
gcct agcagce
gtacacactg
ggt caagggce
gaacaact ac
cagact gacc
gcacgaggcc

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
cagct gcctg
tttctggctc
agctt cageg
t ggct gat cc
tctggcggeg
ccagaagctg
at gat cagca
gaggt gcagt
agagaggaac
gat t ggct ga
at cgagaaaa
cct ccaagece
ttctaccctt
aagaccacac
gt ggacaaga
ct gcacaacc

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caaccccccce
ctccgt acgg
gt gccgggeg
cccecggageg
t cgt gcgaga
aggcgccgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t cgccce
gat gt ct ggc
ct cagcaagc
acgagat gaa
agaccaagat
gaggttctgc
ct ggcggcecce
gaacccct ga
tcaattggta
agtt caacag
acggcaaaga
ccat cagcaa
aagaggaaat
ccgat at cgc
ctcct gt get
gcaggt ggca
actacaccca

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700




gaaaagcct g agcctgtctc tgggctaata
ggggt gaact acgcct gagg atccgatctt
at gaagcccc ttgagcatct gacttctggce
gtgtgttgga attttttgtg tctctcactc

aggt acctct agagcggccg cct cgaggac
tttccctctg ccaaaaatta tggggacatc
t aat aaagga aatttatttt cattgcaata

g

2760
2820
2880
2911

3-44

3-44-1
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3-44-3
3-44-4

3-44-5
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44
DNA
3964

misc_feature 1..3964
note=synthetic construct
source 1..3964
mol_type=other DNA

organism=synthetic construct

ct agt cgaca
at agcccat a
cgcccaacga
tagggacttt
t acat caagt
ccgect ggca
acgt att agt
ccatctcccce
cagcgat ggg
ggcggggcyg
agtttccttt
gggcgggagt
gccegecccg
ctcctccggg
gt gaaagcct
cgtgcgtgtg
agcgct gcgg
ccgggggcyg
gt gt gt gcgt
t gcacccccc
ggcgt ggcgce
gggcggggec
ccggeggcet g
gggcgcaggg
gcaccccctc
gggagggcect
gt ccgcgggg
gt gt gaccgg
agct cct ggg
agccaccatg
gt gt agcctg
gcagagagt t
caacct ggcc
cggaggcgga
t gaagt ggcc
cgecet tcget
agt gaccgag
cct gcacacc
cgagat ggcc
caaggacgac
cgecttccac
gcacccct ac
caccgagt gt
t agagacgag
gtt cggcgag
ggccgagttt
ctgccacggce
cgagaaccag
aaagagccac
ggccgecgat
gttcctggge

ttgattattg
tat ggagttc
cccecgecca
ccatt gacgt
gtatcatatg
ttatgcccag
catcgctatt
cccctcececa
99c9999999
ggcgaggcgg
t at ggcgagg
cgct gcgege
gctctgactg
ctgtaattag
t gaggggct ¢
tgtgtgegtg
gcgeggegeg
t gccecegegg
9999999t ga
tccccgagt t
ggggct cgece
gcct cgggece
t cgaggcgeg
acttcctttg
tagcgggege
t cgt gcgt cg
ggacggct gc
cggct ct aga
caacgtgctg
gct cacgttc
gt gcacagcc
agaaggcacg
gccagagact
ggat ct ggt g
caccggttca
cagt acct gc
tt cgccaaga
ctgttcggceg
gact gct gcg
aaccccaacc
gacaacgagg
ttttacgccc
t gt caggccg
ggcaaagcca
agagccttta
gccgaggt gt
gacct gct gg
gacagcat ca
t gt at cgccg
tttgtggaaa
atgtttctgt

actagttatt
cgegt t acat
tt gacgt caa
caat gggt gg
ccaagt acgc
t acat gacct
accat ggt cg
cccccaattt
99999999gc
agaggt gcgg
cggcggegge
tgccttcgece
accgcgttac
cgcttggttt
cgggagggec
gggagcgecg
gggctttgtg
t gcgggggggy
gcagggggt g
gct gagcacg
gt gccgggeg
ggggagggct
gcgagccgcea
t cccaaat ct
ggggcgaagce
ccgegecgece
cttcgggggg
gcctctgeta
gttattgtgc
ggggact gca
agcacgt gtt
gcgacggcag
tcat caactg
gt ggt ggat c
aggacct ggg
agcagt gcce
cct gcgt gge
acaagctgtg
ccaagcaaga
t gcct agact
aaaccttcct
ct gagct get
ct gat aaggc
gct ccgeccaa
aggcct ggge
ccaagct cgt
aat gcgccga
gcagcaagct
aggt ggaaaa
gcaaggacgt
acgagt acgc

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccc
tgtatttatt
gcgegecagg
cggcagccaa
ggcggcecct a
ccgt gceecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgtgcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegtc
gcccggettce
99999t ggcg
cgggggaggg
gccatt gcct
gt gcggagcc
ggt gcggegce
gtccecttct
gacggggcag
accatgttca
tgtctcatca
gct gcct gga
tctggct cct
cttcagcgac
gct gat ccag
t ggcggcgga
cgaagagaat
cttcgaggac
cgacgagagc
t acagt ggcc
gcccgagaga
cgt gcggecet
gaagaagt ac
gttcttcgece
tgcctgectg
gcagagact g
cgttgctaga
gaccgacctg
cgat agagcc
gaaagagt gc
cgacgagat g
gt gcaagaac
ccgcagacac

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
tgtctggetc
cagcaagcca
gagat gaaca
accaagat ca
ggttctgacg
tt caaggccc
cacgt gaagc
gccgagaact
acact gagag
aacgagt gct
gaagt ggacg
ct gt acgaga
aagcggt at a
ctgcct aage
aagt gt gcca
ct gagccaga
acaaaggt gc
gacct ggcca
t gcgagaagc
cccgecgat ¢
t acgccgagg
cccgact act

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caacccccce
ctccgt acgg
gt gccgggeg
cccecggageg
t cgt gcgaga
aggcgecgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t ccaga
ttgccgetct
gat cact gct
ccat cct gga
ccgacggt gg
cccacaaat c
t ggt gct gat
t ggt caacga
gt gat aagag
aaacct acgg
tcctgcagca
t gat gt gcac
t cgccagacg
aggccgcect t
t ggacgagct
gcct gcagaa
gatttcccaa
acaccgagtg
agtacatctg
ctctgctgga
tgccttctct
ccaaggacgt
ctgttgtget

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060




gctgct gaga ctggccaaaa cctacgagac
tcctcacgag tgttacgcca aggtgttcga
gaacct gat ¢ aagcagaact gcgagctgtt
cgccetgetc gtgeggtaca ccaagaaggt
ggt gt cccgg aacct gggca aagt gggcag
aatgccctgc gccgaggatt acctgagcegt
gaaaacccct gtgtccgaca gagtgaccaa
gccttgettt agcgcectcg aggt ggacga
gacattcacc ttccacgccg acatctgtac
acagact gcc ctggt ggaac tggtcaagca
ggccgt gat g gacgacttcg ccgecttcgt
gacctgcttc gccgaagagg gcaagaaact
at aaggt acc tctagagcgg ccgcct cgag
ctttttccct ctgccaaaaa ttatggggac
ggct aat aaa ggaaatttat tttcattgca
ctcg

aaccct ggaa
cgagttcaag
cgagcagctg
gccccaggtt
caagtgttgc
ggt gct gaat
gt gct gt acc
gacat acgtg
cct gagcgag
caagcccaag
ggaaaagt gc
ggt ggccget
gacggggt ga
at cat gaagc
atagt gt gtt

aagtgctgtg
ccact ggt gg
ggcgagt aca
tccacaccta
aagcaccctg
cagct gt gcg
gagagcct gg
cccaaagagt
aaagagcggc
gccaccaaag
t gcaaggccg
tctcaggctg
actacgcctg
ccctt gagca
ggaatttttt

ccgeeget ga
aagaacccca
agtt ccagaa
cact ggttga
aggccaagag
tgctgcacga
t caacagacg
t caacgccga
agat caagaa
aacagct gaa
acgacaaaga
ctctgggat a
aggat ccgat
tctgacttct
gtgtctctca

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
3964
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45

DNA

2911

misc_feature 1..2911
note=synthetic construct
source 1..2911
mol_type=other DNA
organism=synthetic construct

ctagtcgaca ttgattattg actagttatt
atagcccata tatggagttc cgegttacat
cgcccaacga cccccgecca ttgacgtcaa
tagggacttt ccattgacgt caatgggtgg
tacat caagt gtatcatatg ccaagtacgc
ccgectggea ttatgeccag tacat gacct
acgtattagt catcgctatt accatggtcg
ccatctcccc cccctcccca cccccaattt
cagcgat ggg 9gcggggggy 9ggggggggc
ggcggggcgg ggcgaggcgg agaggt gcgg
agtttccttt tatggcgagg cggcggcgge
gggcgggagt cgcetgcgege tgecttcgee
gccegecccg getctgactg accgegttac
ctcctccggg ctgtaattag cgettggttt
gt gaaagcct tgaggggctc cgggagggcc
cgtgcgtgtg tgtgtgcgtg gggagegeeg
agcgct gcgg gegeggegeg gggetttgtg
ccgggggegg tgccccgegg tgcggggggy
gtgtgtgcgt gggggggt ga gcagggggt g
tgcaccccece tccccgagtt getgagecacg
ggcgt ggege ggggct cgee gt geccgggey
gggcggggec gect cgggee ggggagggct
ccggegget g tcgaggegeg gcgagecgea
gggcgcaggg acttcctttg tcccaaatct
gcaccccct ¢ tagcgggcge ggggcgaage
gggagggect tcgtgegtcg ccgecgecgece
gt ccgcgggg ggacgget ge cttcgggggg
gt gt gaccgg cggct ct aga gectctgeta
agctcct ggg caacgtgetg gttattgtge
t gcagcggga attgccacca tggctcacgt
tcttgccget ctgtgtagece tggtgcacag
cagat cact g ctgcagagag ttagaaggca
caccat cct g gacaacctgg ccgccagaga
caccgacggt ggcggaggcg gaggat ctgg
cgagt ct aag tacggacctc cttgtcctcc
atccgtgttt ctgttccctc caaagcctaa
agt gacctgc gtggtggtcg acgtgtccca
cgt ggacggc gt ggaagt gc acaacgccaa
cacct acaga gtggtgtccg tgctgaccgt

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccce
tgtatttatt
gcgegecagg
cggcagccaa
ggcggecct a
ccgtgccecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgt gcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegt ¢
gcceggettce
99999t ggcg
cgggggaggg
gccat t gect
gt gcggagcc
ggt gcggegce
gtccccttct
gacggggcag
accatgttca
tgtctcatca
t cggggact g
ccagcacgtg
cggcgacggce
cttcat caac
t ggt ggt gga
ctgtcctget
ggacaccctg
agaggat cct
gaccaagcct
gct gcaccag

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
cagct gcctg
tttctggctc
agctt cageg
t ggct gat cc
tctggcggeg
ccagaagctg
at gat cagca
gaggt gcagt
agagaggaac
gat t ggct ga

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caacccccce
ctccgt acgg
gt gccgggcg
cccecggageg
t cgt gcgaga
aggcgeccgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t cgccce
gat gt ct ggc
ct cagcaagc
acgagat gaa
agaccaagat
gaggttctgc
ct ggcggcecce
gaacccct ga
tcaattggta
agtt caacag
acggcaaaga

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
1860
1920
1980
2040
2100
2160
2220
2280
2340




gt acaagt gc
ggccaagggc
gaccaagaac
cgt ggaat gg
ggact ccgat
agagggcaac
gaaaagcct g
ggggt gaact
at gaagcccc

gtgtgttgga

aaggt gt cca
cagccaagag
caggt gt ccc
gagagcaacg
ggctcattct
gt gt t cagct
agcctgtctce
acgcct gagg
ttgagcat ct
attttttgtg

acaagggcct
aaccccaggt
t gacct gect
gccagcect ga
tcctgtacag
gcagcgt gat
t gggct aat a
atccgatctt
gact tctggc
tctctcactc

gcct agcagce
gtacacactg
ggt caagggce
gaacaact ac
cagact gacc
gcacgaggcc
aggt acct ct
tttcectctg
t aat aaagga

g

at cgagaaaa
cct ccaagcc
ttctaccctt
aagaccacac
gt ggacaaga
ct gcacaacc
agagcggccg
ccaaaaatta
aatttatttt

ccat cagcaa
aagaggaaat
ccgat at cgc
ctcctgtget
gcaggt ggca
actacaccca
cct cgaggac
t ggggacat c
cattgcaata

2400
2460
2520
2580
2640
2700
2760
2820
2880
2911
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46
DNA
2911

misc_feature 1..2911
note=synthetic construct
source 1..2911
mol_type=other DNA

organism=synthetic construct

ct agt cgaca
at agcccat a
cgcccaacga
tagggacttt
t acat caagt
ccgect ggca
acgt att agt
ccatctcccce
cagcgat ggg
ggcggggcyg
agtttccttt
gggcgggagt
gccegecccg
ctcctccggg
gt gaaagcct
cgtgcgtgtg
agcgct gcgg
ccgggggcyg
gt gt gt gcgt
t gcacccccc
ggcgt ggcgce
gggcggggec
ccggeggcet g
gggcgcaggg
gcaccccctc
gggagggcect
gt ccgcgggg
gt gt gaccgg
agct cct ggg
t gcagcggga
tcttgecget
cct gagectg
taccgtgctg
gat caccgac
atct gct gag
ttcegtgttc
agt gacct gc
cgt ggacggce
cacct acaga
gt acacct gt
ggccaagggce
gaccaagaac
cgt ggagt gg
ggacagcgac
gccecggcaac

ttgattattg
tat ggagttc
cccecgecca
ccatt gacgt
gtatcatatg
ttatgcccag
catcgctatt
cccctcececa
99c9999999
ggcgaggcgg
t at ggcgagg
cgct gecgege
gctctgactg
ctgtaattag
t gaggggct ¢
tgtgtgegtg
gcgeggegeg
t gcccegegg
9999999t ga
tccccgagt t
ggggct cgece
gcct cgggece
t cgaggcgeg
acttcctttg
tagcgggege
t cgt gcgt cg
ggacggct gc
cggct ct aga
caacgtgctg
attgccacca
ct gt gt agcc
ct gcaaagag
gt ggacaacc
ggt ggt ggcg
tttacccctc
ctgtttccte
gt ggt ggt gg
gt ggaagt gc
gt ggt gt ccg
aaagt ct cca
cagcct agag
caggt gt ccc
gagagcaacg
ggctcttacc
atcttcacct

actagttatt
cgegt t acat
tt gacgt caa
caat gggt gg
ccaagt acgc
t acat gacct
accat ggt cg
cccccaattt
99999999gc
agaggt gcgg
cggcggegge
tgccttcgece
accgcgttac
cgcttggttt
cgggagggec
gggagcgecg
gggetttgtg
t gcgggggggy
gcagggggt g
gct gagcacg
gt gccgggeg
ggggagggct
gcgagccgcea
t cccaaat ct
ggggcgaagce
ccgegecgece
cttcgggggg
gcctctgeta
gttattgtgc
t ggct cacgt
t ggt gcacag
tt agaaggca
t ggccaccag
gaggcggagg
cttgtcctce
caaagcct aa
acgtgtccca
acaacgccca
t gct gaccgt
acaagggcct
aaccccaggt
t gacct gt ct
gacagcccga
tgctgtactc
gttct gt gat

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccc
tgtatttatt
gcgegecagg
cggcagccaa
ggcggcecct a
ccgt gceecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgtgcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegtc
gcccggettce
99999t ggcg
cgggggaggg
gccatt gcct
gt gcggagcc
ggt gcggegce
gtccecttct
gacggggcag
accatgttca
tgtctcatca
t cggggact g
ccagcatgtg
cggcgacggc
agacttcatc
at ct ggt ggc
ctgtcctgcet
ggacaccctg
agaggat cct
gacaaagccc
gacacaccag
gcct get cct
gtacatcctg
ggt caccggc
gaacacct ac
caagct gaca
gcacgaggcc

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
cagct gcctg
tttctggctc
agctt cageg
aact ggct ga
ggtggttctg
ccagaact gc
at gat cagca
gaggt gcagt
agagagcggce
gat t ggct ga
at cgagaaaa
cctccacctce
ttctaccctt
aagaccacac
gt gaacaaga
ct gcacaacc

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caaccccccce
ctccgt acgg
gt gccgggeg
cccecggageg
t cgt gcgaga
aggcgccgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t cgccce
gat gt ct ggc
ct cagcaggc
acgagat gaa
t ccagaccaa
gcggt ggegg
t cggcggacc
gaacccct ga
tcaattggta
agtt caacag
acggcaaaga
ccat cagcaa
aagaggaact
ccgat at cgc
ct ccagt gct
gceggt ggca
actacaccca

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700




gaaaagcct g

ggggt gaact
at gaagcccc

gtgtgttgga

agcgt gt ccc
acgcct gagg
ttgagcat ct
attttttgtg

ctggat aat a
atccgatctt
gact tctggc
tctctcactc

aggt acctct agagcggccg cct cgaggac
tttccctctg ccaaaaatta tggggacatc
t aat aaagga aatttatttt cattgcaata

g

2760
2820
2880
2911

3-47

3-47-1
3-47-2
3-47-3
3-47-4

3-47-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
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47
DNA
3967

misc_feature 1..3967
note=synthetic construct
source 1..3967
mol_type=other DNA

organism=synthetic construct

ct agt cgaca
at agcccat a
cgcccaacga
tagggacttt
t acat caagt
ccgect ggca
acgt att agt
ccatctcccce
cagcgat ggg
ggcggggcyg
agtttccttt
gggcgggagt
gccegecccg
ctcctccggg
gt gaaagcct
cgtgcgtgtg
agcgct gcgg
ccgggggcyg
gt gt gt gcgt
t gcacccccc
ggcgt ggcgce
gggcggggec
ccggeggcet g
gggcgcaggg
gcaccccctc
gggagggcect
gt ccgcgggg
gt gt gaccgg
agct cct ggg
agccaccatg
gt gt agcctg
gcaaagagt t
ggacaacctg
t ggcggagge
gt ct gaggt g
ggt cgecttce
cgaagt gacc
gagcct gcac
cggcgagat g
gcacaaggac
caccgccttc
acggcacccce
cttcgccgaa
gct t agagac
gaagt t cggc
caaggccgag
gt gct gt cac
gt gcgagaac
ggaaaagagc
t ct ggcecgece
cgtgttcctg

ttgattattg
tat ggagttc
cccecgecca
ccatt gacgt
gtatcatatg
ttatgcccag
catcgctatt
cccctcececa
99c9999999
ggcgaggcgg
t at ggcgagg
cgct gcgege
gctctgactg
ctgtaattag
t gaggggct ¢
tgtgtgegtg
gcgeggegeg
t gccecegegg
9999999t ga
tccccgagt t
ggggct cgece
gcct cgggece
t cgaggcgeg
acttcctttg
tagcgggege
t cgt gcgt cg
ggacggct gc
cggct ct aga
caacgtgctg
gct cacgttc
gt gcacagcc
agaaggcacg
gccaccagag
ggaggat ct g
gcccaccggt
agccagt acc
gagttcgcca
accctgttcg
gccgact get
gacaacccca
cacgacaat g
tacttttacg
t gtt gt cagg
gagggcaaag
gat agagcct
tttgccgagg
ggcgacct gc
caggacagca
cactgtctgg

gattacgtgg
ggcatgtttc

actagttatt
cgegt t acat
tt gacgt caa
caat gggt gg
ccaagt acgc
t acat gacct
accat ggt cg
cccccaattt
99999999gc
agaggt gcgg
cggcggegge
tgccttcgece
accgcgttac
cgcttggttt
cgggagggec
gggagcgecg
gggctttgtg
t gcgggggggy
gcagggggt g
gct gagcacg
gt gccgggeg
ggggagggct
gcgagccgcea
t cccaaat ct
ggggcgaagce
ccgegecgece
cttcgggggg
gcctctgeta
gttattgtgc
ggggact gca
agcat gt gtt
gcgacggcag
acttcat caa
gt ggcggt gg
t caaggacct
t gcagcagt g
agacct gcgt
gcgacaagct
gcgccaagca
acctgcctcc
aggccacctt
cccct gaact
ccgct gat aa
ccagct ccge
ttaaggcctg
t gt ccaagct
t ggaat gcgc
t cagcagcaa
ccgaggt gga
aaagcaagga
t gt acgagt a

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccc
tgtatttatt
gcgegecagg
cggcagccaa
ggcggcecct a
ccgt gceecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgtgcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegtc
gcccggettce
99999t ggcg
cgggggaggg
gccatt gcct
gt gcggagcc
ggt gcggegce
gtccecttct
gacggggcag
accatgttca
tgtctcatca
gct gcct gga
tctggct cct
cttcagcgac
ctggctgatc
ttctggcggt
gggcgaagaa
ccctttcgag
ggccgacgag
gt gtacagtg
agagcccgag
act cgt caga
cct gaagaaa
getgttettt
ggccgettge
caagcagaga
ggccgt cgcet
cgt gaccgac
cgacgat aga
gct gaaagag
aaacgacgag
cgt gt gcaag
cgcccgcaga

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
tgtctggetc
cagcaagccce
gagat gaat a
cagaccaaga
ggcggat ct g
cactt caaag
gaacacgt ga
agcgccgaga
gccacact ga
agaaacgagt
cccgaagt gg
tacct gtacg
gccgecaggt
ctgctgecta
ctgaagtgtg
agact gagcc
ct gacaaagg
gccgacct gg
t gct gcgaca
atgcccgecg
aact acgccg
caccccgact

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caacccccce
ctccgt acgg
gt gccgggeg
cccecggageg
t cgt gcgaga
aggcgecgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t ccaga
ttgccgetct
t gagcct get
ccgt gct ggt
t caccggt gg
at acacacaa
gcct ggt get
agct ggt caa
act gt gat aa
gagaaacct a
gcttcctgea
acgtgatgtg
aggt ggccag
acaaggccgc
agct ggacga
ccagcct gca
agaagtttcc
tgcacaccga
ccaagt acat
agcct ct get
atctgccttc
aggccaagga
actctgttat

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060




gctgetgcetg
tgatccccac
ccagaacctg
gaacgccctg
t gaggt gt cc
gagaat gccc
cgagaaaacc
gaggccttgc
cgagacattc
gaaacagaca
gaagggcgt g
agaggcct gc
tt aat aaggt
gatctttttc
t ct ggct aat
tcactcg

agact ggcca
gagt gttacg
gt caagcaga
ct cgt gcggt
cggaacct gg
t gcgccgagg
cctgtgtccg
tttagcgecc
accttccacg
gccctggt cg
at ggacaact
ttcgcagaag
acct ct agag
cctctgccaa
aaaggaaat t

aggcct acga
ccaaagtgtt
act gcgagct
acaccaagaa
gaaaagt ggg
attacct gag
agaaagt gac
t ggaact gga
ccgacatgtg
agct ggttaa
tcgcegecett
agggccct aa
cggccgectc
aaat t at ggg
tattttcatt

ggccactctg
cgacgagttc
gttcgagcag
ggt gccccag
cgccaagt gt
cgtggtgctg
caagt gct gt
cgaggcct ac
taccct gagc
gcacaagcct
t gt ggaaaaa
gtttgtggcece
gaggacgggg
gacat cat ga
gcaat agt gt

gaaaagt gt t
cagccact gg
ct gggcgagt
gtttccacac
t gcaagct gc
aacagact gt
accgagagcc
gt gcccaagg
gagaaagaaa
aaggccacca
t gct gcaagg
gcct ct caag
t gaact acgc
agccccttga
gttggaattt

gt gccgecgce
t ggaagaacc
acaagttcca
ctacact ggt
ct gaggccaa
gcgt gct gca
t ggt caat cg
ccttcaacgc
agcaagt gaa
aagaacaact
ccgacgacaa
ctgctct gge
ct gaggat cc
gcat ct gact
tttgtgtctc

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
3967

3-48

3-48-1
3-48-2
3-48-3
3-48-4

3-48-5
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48
DNA
4807

misc_feature 1..4807
note=synthetic construct
source 1..4807
mol_type=other DNA

organism=synthetic construct

ct agt cgaca
at agcccat a
cgcccaacga
tagggacttt
t acat caagt
ccgect ggca
acgt att agt
ccatctcccce
cagcgat ggg
ggcggggcyg
agtttccttt
gggcgggagt
gccegecccg
ctcctccggg
gt gaaagcct
cgtgcgtgtg
agcgct gcgg
ccgggggcyg
gt gt gt gcgt
t gcacccccc
ggcgt ggcgce
gggcggggec
ccggeggcet g
gggcgcaggg
gcaccccctc
gggagggcect
gt ccgcgggg
gt gt gaccgg
agct cct ggg
agccaccatg
gt gt agcctg
gcaaagagt t
ggacaacctg
t ggcggagge
cagccct aca
cacat ct aca
t accgaagag
gcctt cagaa
ct ct gaacct

ttgattattg
tat ggagttc
cccecgecca
ccatt gacgt
gtatcatatg
ttatgcccag
catcgctatt
cccctcececa
99c9999999
ggcgaggcgg
t at ggcgagg
cgct gecgege
gctctgactg
ctgtaattag
t gaggggct ¢
tgtgtgegtg
gcgeggegeg
t gcccegegg
9999999t ga
tccccgagt t
ggggct cgece
gcct cgggece
t cgaggcgeg
acttcctttg
tagcgggege
t cgt gcgt cg
ggacggct gc
cggct ct aga
caacgtgctg
gct cacgttc
gt gcacagcc
agaaggcacg
gccaccagag
ggaggat ct g
agcaccgagg
gagcct agcg
ggaaccagca
ggat ccgctc
gccacaagcg

actagttatt
cgcgttacat
ttgacgt caa
caat gggt gg
ccaagt acgc
tacat gacct
accat ggtcg
cccccaattt
99999999gc
agaggt gcgg
cggcggegge
tgccttcgee
accgcgttac
cgcttggttt
cgggagggec
gggagcgecg
gggetttgtg
t gcgggggggy
gcagggggt g
gct gagcacg
gt gccgggeg
ggggagggct
gcgagccgcea
tcccaaat ct
ggggcgaagce
ccgecgecgec
cttcgggggg
gcctctgeta
gttattgtge
ggggact gca
agcatgtgtt
gcgacggcag
acttcatcaa
gt ggt ggt gg
aaggcacaag
aaggat ctgc
ccgagccat c
ct ggcacctc
gat ct gagac

aat agt aat ¢
aact t acggt
t aat gacgt a
agtatttacg
cccctattga
t at gggact t
aggt gagccc
tgtatttatt
gcgegecagg
cggcagccaa
ggcggcecct a
ccgt gceecg
t cccacaggt
aat gacggct
ctttgtgcgg
cgtgcggcetc
cgct ccgeag
gct gcgaggg
t gggcgegtc
gcccggettce
99999t ggcg
cgggggaggg
gccatt gcct
gt gcggagcc
ggt gcggegce
gtccecttct
gacggggcag
accatgttca
tgtctcatca
gctgcct gga
tctggct cct
cttcagcgac
ctggctgatc
at ct ggcggce
cgagt ct gcc
cccaggat ct
t gagggat ct
t gaaagcgcece
acct ggaagc

aat t acgggg
aaat ggcccg
tgttcccata
gt aaact gcc
cgt caat gac
tcctacttgg
cacgttctgc
tattttttaa
cggggcgggg
t cagagcggce
t aaaaagcga
ctccgecgece
gagcgggcgg
tgtttetttt
ggggageggce
cgcget geee
t gt gcgcgag
gaacaaaggc
ggt cgggct g
gggt gcgggg
gcaggt gggg
gcgeggegge
tttatggtaa
gaaat ct ggg
cggcaggaag
ccctctccag
ggcggggttc
tgccttcttc
ttttggcaaa
tgtctggetc
cagcaagccc
gagat gaat a
cagaccaaga
ggaggaagt t
acacct gagt
cct gccggcet
gct cccggaa
acaccagaaa
gagccagcca

tcattagttc
cct ggct gac
gt aacgccaa
cactt ggcag
ggt aaat ggc
cagt acat ct
ttcactctcc
ttattttgtg
cggggcgagg
gcgct ccgaa
agcgcgeggce
gcct cgegece
gacggccctt
ct gt ggct gc
t cggggggt g
ggcgget gt g
gggagcgcgg
t gcgt gcggg
caacccccce
ctccgt acgg
gt gccgggcg
cccecggageg
t cgt gcgaga
aggcgeccgece
gaaat gggcg
cct cggggcet

ggct tctgge
tttttcctac

gaat t ccaga
ttgccgetct
t gagcct get
ccgt gct ggt
t caccgacgg
ctcctgetgg
ctggccctgg
ctccaacatc
caagcacaga

gcggacctgg
cat ct ggcag

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
1860
1920
1980
2040
2100
2160
2220
2280
2340




cgaaacacct
cgct acccca
aacct ctacc
cacagaagag
accat ccgag
aacat ccact
gt ccggacca
gccaagcgag
cacttccgaa
gagcggt cct
cgcaact cct
gacaagcgaa
at ct gcaccc
gccttccgaa
cacaagcact
ctctgctcct
gccttccgag
ttctgaaccc
aagt ggt cct
tgctacaccg
cact agcgaa
t act gaagaa
ct cacccact
aact agcact
at ct ggt cct
agcaacgccg
gacct ccgaa
ct ccgcacct
cgct acgcecet
gaccagcgaa
t acagaggaa
gcccagcgag
t acaagcgag
gagcggt cca
aacgt ccgga
gacct ct aca
at ccgcaccg
cgctactccc
ct aat aaggt
gatctttttc
t ct ggct aat
tcactcg

ggat caccag
gaat ct ggac
gaaccat cag
ggcacctcca
ggcagt gcac
gagccct ccg
ggat ct gagc
ggt agcgcac
agtgctactc
ggaagtcctg
gaat caggcc
agt gcaacgc
gggacatcta
ggttctgcac
gaaccgt ccg
ggt agt ccag
ggaagcgct ¢
gctacttccg
ggt agcgaac
gaat ccggt ¢
agcgct acac
ggttccccag
agt acggaag
gagccaagcg
ggtt ccgagce
gaat ct ggcc
t cagct acgc
ggaagccctg
gagt caggac
agcgcaaccc
ggcagccctg
ggttccgetce
t cagct acgc
ggat cagaac
agcgaaacac
gagccat cag
ggct ct gagce
gagt ct ggcc
acct ct agag
cctctgccaa
aaaggaaat t

ccggatctcc
caggcaccag
aaggcagcgc
ct gaacct ag
ct ggaaccag
agggtt cagc
cagct accag
cagggacaag
ct gaaagcgg
caggttcacc
ctggatccga
ccgagt cagg
ccgagcecegtc
ctggaacttc
aaggcagt gc
caggatctcc
ct ggaacat c
gct cagagac
cagcaact ag
cagggacgt c
ct gaaagt gg
ct ggaagccc
aaggcacgt c
aaggat cagc
ctgccacttc
ccggaagcga
ctgagtctgg
ct ggaagccc
ct ggaagcga
cagagagt gg
ctggctccce
cgggaacttc
ccgaaagt gg
cagccacctc
caggcagt cc
agggctctgc
ctgctactag
cgggaacgt c
cggccgectc
aaat t at ggg
tattttcatt

cacctctacc
cacagaaccc
tccaggttct
cgagggaagt
cgaat ct gct
t ccaggcaca
cggct ct gaa
taccgaaccg
cccaggcact
t accagcact
acct gctacc
acccgggact
agaaggttct
cacagagccc
t cccgggacc
aact agcacc
cgagt ccgct
t cct gggact
cggaagcgag
t acggaaccg
t cccggat ct
cacttccact
cgagt ct gct
acccggaacc
aggat cagaa
accggct acg
t ccagggaca
aacgagt act
acct gcaaca
acct ggat ct
aacgt caaca
t gaat ct gct
acct ggcacc
t ggct ct gag
t gccggaagt
accgggcacc
t ggaagcgaa
tact gaacca
gaggacgggg
gacat cat ga
gcaat agt gt

gaggaaggga
t ct gaaggtt
cccgcet ggat
gct cccggea
acccct gaga
t cagaat ccg
acacccggca
t ct gagggct
agcgaat ccg
gaagagggga
t ccggaagt g
agcacggaac
gct ccaggga
agt gaaggca
agt acagaac
gaagaaggga
acgccagaga
tctgagtctg
acacccggaa
t ct gaaggat
ccagcaggca
gaggaaggct
act cccgaat
t ct gagt ccg
accccgggcea
tctggatctg
t ccaccgaac
gaagagggca
t ccggct cag
ccagct ggct
gaagaaggt a
acacccgagt
tcagagtctg
acaccaggtt
cctacttcaa
t caacagaac
act cctggca
t ct gagggaa
t gaact acgc
agccccttga
gttggaattt

cat ccgagag
cagcccct gg
cccctacatc
cttccacaga
gt ggacccgg
ccact ccaga
ct agt accga
ccgcaccagg
caacacccga
ct agcgagag
aaacccct gg
ccagt gaagg
ct agt actga
gt gcccctgg
cgagcgaggg
cttccaccga
gt ggcccagg
caaccccgga
cct cagagag
cagct cccgg
gcccaacctc
ctcccgeagg
ccggacct gg
ccacaccaga
cgagt gaat ¢
aaacgccagg
ct agt gaagg
cttctgagag
aaacaccagg
ctcctactag
ctagcacaga
caggt cct gg
caact cctga
ct gagcct gc
ccgaagaggg
cat ct gaagg
ccagt gaat ¢
gt gccccagg
ct gaggat cc
gcat ct gact
tttgtgtctc

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
4807

3-49

3-49-1
3-49-2
3-49-3
3-49-4

3-49-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

49
DNA
1513

misc_feature 1..1513
note=synthetic construct
source 1..1513
mol_type=other DNA

organism=synthetic construct

acgcgtgcta
ct cgagt aat
t aat gat ggg
tgggcggt cg
tcaacatttt
gtt caagagt
caagcttgcc
cggggact gc
cagcat gt gt
ggcgacggca
gacttcatca
tct ggt ggcg
tgtcctgetce

gct aat gatg
gat gggegt ¢
cgct cgagt a
act aatgatg
gacaccccca
tccctatcac
ct gcagcggg
agctgcct gg
ttctggetcce
gcttcagcga
act ggct gat
gtggttctgg

ggcgcet cgag
t agct aat ga
at gat gggcg
ggcgcet cgag
taatattttt
tctctttaat
aatt cgccect
at gt ct ggct
t cagcaggcc
cgagat gaat
ccagaccaag
cggt ggcgga

t aat gat ggg
t gggcget cg
t ct agct aat
t aat gat ggg
ccagaattaa
cact act cac
gcagcgggaa
cttgccgcetce
ct gagcct gc
accgtgctgg
at caccgacg
t ct gct gagt

cagaact gct cggcggacct tccgtgttcc

cggt cgact a
agt aat gatg
gat gggcget
cgt ct agaac
cagt at aaat
agt aacctca
ttgccaccat
t gt gt agect
t gcaaagagt
t ggacaacct
gt ggt ggcgg
ttacccctcc
tgtttcctce

at gat gggcg
ggcggt cgac
cgagt aat ga
gcgaat t aat
tgcatctctt
act cctgcca
ggct cacgt t
ggt gcacagce
t agaaggcac
ggccaccaga
aggcggagga
ttgtcctcce
aaagcct aag

60

120
180
240
300
360
420
480
540
600
660
720
780




gacaccct ga
gaggatcctg
acaaagccca
acacaccagg
cctgectcecta
tacatcctgc
gt caccggct
aacacct aca
aagct gacag
cacgaggccc
ggt accgat ¢
ctgacttctg
tgtctctcac

t gat cagcag
aggt gcagt t
gagagcggca
att ggct gaa
t cgagaaaac
ctccacctca
tctacccttc
agaccacacc
t gaacaagag
tgcacaacca
tttttccctc
gct aat aaag
tcg

aacccct gaa gtgacctgcg
caattggtac gtggacggcg
gttcaacagc acctacagag
cggcaaagag tacacctgta
cat cagcaag gccaagggcc
agaggaact g accaagaacc
cgat at cgcc gt ggagt ggg
tccagt gct g gacagcgacg
ccggt ggcag cccggcaaca
ctacacccag aaaagcctga
t gccaaaaat tatggggaca
gaaatttatt ttcattgcaa

t ggt ggt gga
t ggaagt gca
t ggt gt ccgt
aagt ctccaa
agcct agaga
aggt gt ccct
agagcaacgg
gctcttacct
tcttcacctg
gcgt gt ccce
t cat gaagcc
tagtgtgttg

cgt gt cccaa
caacgcccag
gct gaccgtg
caagggcctg
accccaggtg
gacctgtctg
acagcccgag
gctgtactcc
ttctgtgatg
t ggat aat aa
cctt gagcat
gaattttttg

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1513

3-50

3-50-1
3-50-2
3-50-3
3-50-4

3-50-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

50
DNA
2569

misc_feature 1..2569
note=synthetic construct
source 1..2569
mol_type=other DNA

organism=synthetic construct

acgcgtgcta
ct cgagt aat
t aat gat ggg
t gggcggt cg
tcaacatttt
gtt caagagt
caagcttgcc
ct gcct ggat
ctggctcctce
ttcagcgacg
t ggct gat cc
tctggeggt g
ggcgaagaac
cctttcgagg
gccgacgaga
t gt acagt gg
gagcccgaga
ct cgt cagac
ct gaagaaat
ctgttctttg
gccgettgece
aagcagagac
gccgtcgcta
gt gaccgacc
gacgat agag
ct gaaagagt
aacgacgaga
gt gt gcaaga
gcccgcagac
gccactctgg
gacgagttcc
tt cgagcagc
gt gccccagg
gccaagt gt t
gt ggt gct ga
aagtgctgta
gaggcct acg
accct gagcg
cacaagcct a
gt ggaaaaat

tttgtggecg

gctaatgatg
gat gggegt ¢
cgct cgagt a
actaatgatg
gacaccccca
tccctat cac
ct gcagcggg
gt ct ggct ct
agcaagccct
agat gaat ac
agaccaagat
gcggat ct ga
actt caaagg
aacacgt gaa
gcgccgagaa
ccacact gag
gaaacgagt g
ccgaagt gga
acct gt acga
ccgccaggt a
tgctgect aa
t gaagt gt gc
gact gagcca
t gacaaaggt
ccgacct ggc
gct gcgacaa
tgcccgeega
act acgccga
accccgact a
aaaagtgttg
agccact ggt
t gggcgagt a
tttccacacc
gcaagct gcc
acagactgtg
ccgagagcct
t gcccaaggc
agaaagaaaa
aggccaccaa
gct gcaaggc
cct ct caagc

ggcgct cgag t aat gat ggg
tagct aat ga t gggcgcet cg
at gat gggcg tctagct aat
ggcgct cgag t aat gat ggg
taatattttt ccagaattaa
tctctttaat cactactcac
aattccagaa gccaccat gg
tgccgetctg tgtagectgg
gagcctgct g caaagagtta
cgtgct ggt g gacaacct gg
caccggtggt ggcggaggcg
tacacacaag tctgaggtgg
cctggtgetg gtcgecttca
gct ggt caac gaagt gaccg
ct gt gat aag agcct gcaca
agaaacctac ggcgagat gg
cttcctgcag cacaaggacg
cgtgatgtgc accgccttcc
ggt ggccaga cggcacccct
caaggccgcc ttcgccgaat
gct ggacgag cttagagacg
cagcct gcag aagttcggeg
gaagtttccc aaggccgagt
gcacaccgag tgctgtcacg
caagt acat g tgcgagaacc
gcct ct gct g gaaaagagcec
tctgecttct ctggecgeeg
ggccaaggac gtgttcctgg
ctctgttatg ctgctgctga
tgccgecget gatccccacg
ggaagaaccc cagaacct gg
caagttccag aacgccctgc
tacactggtt gaggtgtccc
t gaggccaag agaat gccct
cgt gct gcac gagaaaaccc
ggt caat cgg aggcecttget
cttcaacgcc gagacattca
gcaagt gaag aaacagacag
agaacaact g aagggcgt ga
cgacgacaaa gaggcctgct
tgctctgget taataaggta

cggt cgact a
agtaatgatg
gat gggcget
cgt ct agaac
cagt at aaat
agt aacct ca
ctcacgttcg
tgcacagcca
gaaggcacgg
ccaccagaga
gaggat ct gg
cccaccggtt
gccagt acct
agttcgccaa
ccctgttcgg
ccgactgctg
acaaccccaa
acgacaat ga
acttttacgc
gtt gt caggc
agggcaaagc
at agagcct t
tt gccgaggt
gcgacct get
aggacagcat
act gt ct ggc
attacgt gga
gcatgtttct
gact ggccaa
agtgttacgc
t caagcagaa
tcgtgeggta
ggaacct ggg
gcgccgagga
ctgtgtccga
ttagcgcect
ccttccacge
ccct ggt cga
t ggacaactt
t cgcagaaga
ccgatctttt

at gat gggcg
ggcggt cgac
cgagt aat ga
gcgaat t aat
tgcatctctt
actcctgcca
gggact gcag
gcatgtgttt
cgacggcagc
cttcatcaac
t ggcggt ggt
caaggacctg
gcagcagt gc
gacctgcgtg
cgacaagctg
cgccaagcaa
cctgectcca
ggccaccttc
ccctgaactg
cgct gat aag
cagct ccgcce
t aaggcct gg
gt ccaagct c
ggaat gcgcc
cagcagcaag
cgaggt ggaa
aagcaaggac
gt acgagt ac
ggcct acgag
caaagtgttc
ctgcgagcetg
caccaagaag
aaaagt gggc
ttacct gagc
gaaagt gacc
ggaact ggac
cgacat gt gt
gctggtt aag
cgccgecettt
gggccct aag
tcecctctgee

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460




aaaaattatg gggacatcat gaagcccctt gagcatctga cttctggcta ataaaggaaa 2520
tttattttca ttgcaatagt gtgttggaat tttttgtgtc tctcactcg

2569

3-51

3-51-1
3-51-2
3-51-3
3-51-4

3-51-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

51

DNA

1513

misc_feature 1..1513
note=synthetic construct
source 1..1513
mol_type=other DNA
organism=synthetic construct

acgcgtgcta gctaatgatg ggcget cgag
ctcgagt aat gatgggcgtc tagctaatga
t aat gat ggg cgctcgagta at gat gggcg
t gggcggt cg act aat gatg ggcgct cgag
tcaacatttt gacaccccca taatattttt
gttcaagagt tccctatcac tctctttaat
caagcttgcc ctgcagcggg aattcgecct
cggggactgc agctgcctgg at gt ct gget
cagcacgtgt ttctggctcc tcagcaagcc
ggcgacggca gcttcagcga cgagat gaac
ttcatcaact ggctgatcca gaccaagatc
ggt ggt ggat ctggcggcgg aggtt ct gee
tgtcctgetc cagaagct gc tggcggeccca
gacaccctga tgatcagcag aacccctgaa
gaggat cctg aggtgcagtt caattggtac
accaagcct a gagaggaaca gttcaacagc
ctgcaccagg attggctgaa cggcaaagag
cctagcagca tcgagaaaac catcagcaag
tacacactgc ctccaagcca agaggaaatg
gt caagggct tctacccttc cgatatcgec
aacaact aca agaccacacc tcctgtgctg
agact gaccg tggacaagag caggt ggcaa
cacgaggccc tgcacaacca ctacacccag
ggtaccgatc tttttccctc tgccaaaaat
ctgacttctg gctaataaag gaaatttatt
tgtctctcac tcg

t aat gat ggg
t gggcget cg
t ct agct aat
t aat gat ggg
ccagaat t aa
cact act cac
gcagcgggaa
cttgcecgetce
agat cact gc
accat cctgg
accgacggtg
gagt ct aagt
tcegtgtttc
gt gacct gcg
gt ggacggceg
acct acagag
t acaagt gca
gccaagggcc
accaagaacc
gt ggaat ggg
gact ccgatg
gagggcaacg
aaaagcct ga
t at ggggaca
ttcattgcaa

cggt cgact a
agtaatgatg
gat gggcget
cgt ct agaac
cagt at aaat
agt aacct ca
ttgccaccat
t gt gt agect
t gcagagagt
acaacct ggc
gcggaggcgg
acggacctcc
tgttccctcce
t ggt ggt cga
t ggaagt gca
t ggt gt ccgt
aggt gt ccaa
agccaagaga
aggt gt ccct
agagcaacgg
gctcattctt
tgttcagctg
gcctgtctct
t cat gaagcc

tagtgtgttg

at gat gggcg
ggcggt cgac
cgagt aat ga
gcgaat t aat
tgcatctctt
actcctgcca
ggct cacgt t
ggt gcacagc
t agaaggcac
cgccagagac
aggat ct ggt
ttgtcctcce
aaagcct aag
cgt gt cccaa
caacgccaag
gctgaccgtg
caagggcctg
accccaggtg
gacctgcctg
ccagcct gag
cct gt acagc
cagcgtgatg
gggct aat aa
cctt gagcat
gaattttttg

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
1513

3-52

3-52-1
3-52-2
3-52-3
3-52-4

3-52-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

52

DNA

2566

misc_feature 1..2566
note=synthetic construct
source 1..2566
mol_type=other DNA
organism=synthetic construct

acgcgtgcta gctaatgatg ggcget cgag
ctcgagt aat gatgggcgtc tagctaatga
t aat gat ggg cgctcgagta at gat gggcg
t gggcggt cg act aat gatg ggcgct cgag
tcaacatttt gacaccccca taatattttt
gttcaagagt tccctatcac tctctttaat
caagcttgcc ctgcagcggg aattccagaa
ctgcctggat gtctggetct tgcegetctg
ctggctcctc agcaagccag atcactgctg
ttcagcgacg agat gaacac catcctggac
ctgat ccaga ccaagatcac cgacggt ggc
ggcggcggag gttctgacgec ccacaaatct
gaagagaatt tcaaggccct ggtgctgatc
ttcgaggacc acgtgaagct ggtcaacgaa
gacgagagcg ccgagaactg tgataagagc
acagt ggcca cactgagaga aacctacggc
cccgagagaa acgagtgctt cctgcagcac

t aat gat ggg
t gggcget cg
t ct agct aat
t aat gat ggg
ccagaattaa
cact act cac
gccaccat gg
t gt agcct gg
cagagagtta
aacct ggccg
ggaggcggag
gaagt ggccc
gccttcgetce
gt gaccgagt
ct gcacaccc
gagat ggccg
aaggacgaca

cggt cgact a
agtaatgatg
gat gggcget
cgt ct agaac
cagt at aaat
agt aacct ca
ctcacgttcg
tgcacagcca
gaaggcacgg
ccagagact t
gat ct ggt gg
accggttcaa
agt acct gca
t cgccaagac
tgttcggcga
act gct gcgce
accccaacct

at gat gggcg
ggcggt cgac
cgagt aat ga
gcgaat t aat
tgcatctctt
actcctgcca
gggact gcag
gcacgtgttt
cgacggcagce
cat caact gg
t ggt ggat ct
ggacct gggc
gcagt gcccce
ctgcgt ggce
caagct gt gt
caagcaagag
gcct agact ¢

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020




aagt ggacgt
t gt acgagat
agcggt at aa
t gcct aagcet
agt gt gccag
t gagccagag
caaaggt gca
acct ggccaa
gcgagaagcc
ccgccegat ct
acgccgaggc
ccgactactc
agtgctgtgce
cact ggt gga
gcgagt acaa
ccacacct ac
agcaccct ga
agct gt gegt
agagcct ggt
ccaaagagt t
aagagcggca
ccaccaaaga
gcaaggccga
ct caggct gc
acat cat gaa
caatagtgtg

gt gcggect g
aagaagt acc
ttcttcgeca
gcct gecetge
cagagact ga
gttgct agac
accgacct ga
gat agagccg
aaagagt gct
gacgagat gc
t gcaagaact
cgcagacacc
accct ggaaa
gagt t caagc
gagcagct gg
ccccaggttt
aagtgttgca
gt gct gaat c
tgctgtaccg
acat acgt gc
ct gagcgaga
aagcccaagg
gaaaagt gct
gt ggccgett
aatt at gggg
attttcattg

gat gt gcacc
cgccagacgg
ggccgecettce
ggacgagct t
cct gcagaag
atttcccaag
caccgagt gc
gtacatctgc
tct gct ggaa
gccttcetcetg
caaggacgtg
tgttgtgctg
cgccgct gat
agaaccccag
gttccagaac
act ggtt gag
ggccaagaga
gct gcacgag
caacagacgg
caacgccgag
gat caagaaa
acagct gaag
cgacaaagag
t ct gggat aa
gccccttgag
ttggaatttt

gccttccacg
cacccct act
accgagtgtt
agagacgagg
ttcggcgaga
gccgagtttg
t gccacggcg
gagaaccagg
aagagccact
gccgecgat t
ttcctgggca
ct gct gagac
cct cacgagt
aacct gat ca
gccctgetcg
gt gt cccgga
at gccct gcg
aaaacccctg
ccttgcttta
acat t cacct
cagact gccc
gcegt gat gg
acctgcttcg
t aaggt accg
catctgactt
ttgtgtctct

acaacgagga
tttacgcccc
gt caggccgce
gcaaagccag
gagcctttaa
ccgaggtgtc
acct gct gga
acagcat cag
gt at cgccga
tt gt ggaaag
tgtttctgta
t ggccaaaac
gttacgccaa
agcagaactg
t gcggt acac
acct gggcaa
ccgaggatta
t gt ccgacag
gcgcecect cga
t ccacgccga
t ggt ggaact
acgacttcgc
ccgaagaggg
atctttttcc
ctggctaata
cactcg

aaccttcctg
tgagctgctg
t gat aaggct
ct ccgccaag
ggcct gggec
caagctcgtg
at gcgccgac
cagcaagctg
ggt ggaaaac
caaggacgtg
cgagt acgcc
ct acgagaca
ggt gt t cgac
cgagctgttc
caagaaggt g
agt gggcagc
cctgagegtg
agt gaccaag
ggt ggacgag
catctgtacc
ggt caagcac
cgccttegtg
caagaaact g
ctctgccaaa
aaggaaattt

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2566

3-53

3-53-1
3-53-2
3-53-3
3-53-4

3-53-5

Sequences
Sequence Number [ID]
Molecule Type

Length

Features Location/
Qualifiers

NonEnglishQualifier Value
Residues

53

DNA

2211

source 1..2211
mol_type=unassigned DNA

organism=Adeno-Associated Virus hu68

atggctgccg atggttatct
gagt ggt ggg ctttgaaacc
aacgctcggg gtcttgtgcet
aagggggagc cggt caacga
cagcagct ca aggccggaga
caggagcggc tcaaagaaga
gccaaaaaga ggcttcttga
ggaaagaaga ggcct gt aga
aaat cgggt g cacagcccgc
t cagt ccccg accctcaacc
cttacaatgg cttcaggtgg
gtgggt agtt cctcgggaaa
accaccagca cccgaacctg
t ccaacagca catct ggagg
tgggggtatt ttgacttcaa
ct cat caaca acaact gggg
caggt caaag aggttacgga
acggt ccagg tcttcacgga
gagggct gcc tcccgeegtt
acgcttaatg atggaagcca
ccgt cgcaaa tgctaagaac
cctttccata gcagctatgc
gaccaatact tgtactatct
ctaaaattca gtgtggccgg
ggacccagct accgacaaca
tttgcttgge ctggagettc
ggacctgcta tggccagcca
ttaatttttg gcaaacaagg
accaacgaag aagaaattaa
gccacaaacc accagagtgc
atacttccgg gtatggtttg

t ccagat t gg
t ggagcccect
tccgggttac
agcagacgcg
caacccgt ac
tacgtctttt
acctcttggt
gcagt ct cct
t aaaaagaga
aat cggagaa
t ggcgcacca
ttggcattge
ggccct gccce
at ct t caaat
cagattccac
attccggcect
caacaat gga
ct cagact at
cccagcggac
agccgt gggt
gggt aacaac
t cacagccaa
ct caaagact
acccagcaac
acgtgtctca
ttcttgggcet
caaagaagga
aact ggaaga
aact accaac
ccaagcacag
gcaggacaga

ct cgaggaca
caacccaagg
aaat accttg
gcggecct cg
ct caagt aca
gggggcaacc
ctggt t gagg
caggaaccgg
ctcaatttcg
cctcecgeag
gt ggcagaca
gatt cccaat
acct acaaca
gacaacgcct
tgccacttct
aagcgact ca
gt caagacca
cagct cccgt
gttttcatga
cgttcgtcct
ttccagttca
agcct ggacc
attaacggtt
atggctgtcc
accact gt ga
ct caat ggac
gaggaccgt t
gacaacgt gg
ccagt agcaa
gcgcagaccg
gat gt gt acc

acct cagt ga
caaat caaca
gacccggcaa
agcacgacaa
accacgccga
t cgggcgage
aagcggct aa
actcctccgt
gt cagact gg
ccccct cagg
at aacgaagg
ggct ggggga
atcacctcta
acttcggcta
caccacgt ga
actt caagct
t cgct aat aa
acgt gct cgg
ttcctcagta
tttactgcct
gct acgagt t
gact cat gaa
ct ggacagaa
agggaagaaa
ct caaaacaa
gt aat agctt
tctttcecttt
at gcggacaa
cggagtccta

gctgggttca
t gcaaggacc

aggcattcgc
acat caagac
cggact cgac
ggcct acgac
cgccgagttc
agtcttccag
gacggct cct
gggt at t gge
cgacacagag
t gt gggat ct
t gccgat gga
cagagtcatc
caagcaaat ¢
cagcaccccc
ct ggcaaaga
cttcaacatt
ccttaccagc
gt cggct cac
cgggtatcta
ggaatatttc
t gagaacgt a
tccactcatc
t caacaaacg
ctacat acct
caacagcgaa
gat gaat cct
gt ct ggat ct
agtcatgata
t ggacaagt g
aaaccaagga
catttgggcc

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
1860




aaaattcctc
aagcacccgce
gctttcaaca
gtggagattg
tacacttcca
tattctgaac

acacggacgg
ct cct cagat
aggacaagct
agt gggagct
actattacaa
cccgecccat

caactttcac
cctcat caaa
gaactctttc
gcagaaggaa
gt ct aat aat
t ggcaccaga

ccttctcecge
aacacacctg
at cacccagt
aacagcaagc
gttgaatttg
tacctgactc

t gat gggagg
tacct gcgga
attctactgg
gct ggaaccc
ctgttaatac
gtaatctgta

gtttggaatg
tcctccaacg

ccaagt cagc
ggagat ccag
t gaaggt gt t
a

1920
1980
2040
2100
2160
2211

3-54

3-54-1
3-54-2
3-54-3
3-54-4

3-54-5

Sequences
Sequence Number [ID]
Molecule Type

Length
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Qualifiers

NonEnglishQualifier Value
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54
DNA
2211

source 1..2211
mol_type=unassigned DNA
organism=Adeno-Associated Virus hu68

at ggct gccg
gagt ggt ggg
aacgct cggg
aagggggagce
cagcagct ca
caggagcggce
gccaaaaaga
ggaaagaaga
aaat cgggt g
t cagt ccccg
cttacaatgg
gt gggt agt t
accaccagca
t ccaacagca
t gggggt at t
ct cat caaca
caggt caaag
acggt ccagg
gagggct gec
accct gaacg
ccttcgcaga
cctttccaca
gaccagt acc
ctgaagttca
gggcccagcet
ttcgcect gge
ggcccageca
ctgatcttcg
acgaacgagg
gcaaccaacc
atcctgectg
aagat ccctc
aagcacccgc
gcct t caaca
gt ggagat cg
tacacttcca
t acagt gagc

atggttat ct
ctttgaaacc
gt ctt gt gct
cggt caacga
aggccggaga
t caaagaaga
ggcttcttga
ggcct gt aga
cacagcccgce
accct caacc
cttcaggt gg
cct cgggaaa
cccgaacctg
cat ct ggagg
ttgacttcaa
acaact gggg
aggttacgga
tcttcacgga
tcccgeegtt
acggcagt ca
t gct gaggac
gcagct acgc
t gtact acct
gcgt ggeecgg
accggcagca
ct ggcgcecag
tggccagt ca
gcaagcaggg
aggagat caa
accagagcgc
gcatggt gt g
acacggacgg
ct cct cagat
aggacaagct
agt gggagct
act act acaa
ctcgccct at

t ccagat t gg
t ggagcccect
tccgggttac
agcagacgcg
caacccgt ac
tacgtctttt
acctcttggt
gcagt ct cct
t aaaaagaga
aat cggagaa
t ggcgcacca
ttggcattge
ggccct gecce
at ct t caaat
cagattccac
attccggcect
caacaat gga
ct cagact at
cccagcggac
ggcggt ggge
t ggcaacaac
ccacagccag
gt caaagacg
gcct agcaac
gagagtctca
ctcttgggcce
caaggagggc
gaccggcaga
gaccaccaac
ccaggcacag
gcaggaccgt
caacttccac
cctcat caag
gaactcattc
gcagaaggag
gt ct aacaac
cggcacccgg

ct cgaggaca
caacccaagg
aaat accttg
gcggecct cg
ct caagt aca
gggggcaacc
ctggt t gagg
caggaaccgg
ctcaatttcg
cctcecgeag
gt ggcagaca
gatt cccaat
acct acaaca
gacaacgcct
tgccacttct
aagcgact ca
gt caagacca
cagct cccgt
gttttcatga
cgct cat cct
ttccagttca
agtttggacc
at caacggt t
at ggccgtcc
accact gt ga
ct caacggcc
gaggaccgt t
gacaacgt gg
cct gt ggcaa
gcgcagact g
gacgt gt acc
ccttctectce
aacact ccgg
at cact cagt
aacagcaagc
gtggagttcg
tacct caccc

acct cagt ga
caaat caaca
gacccggcaa
agcacgacaa
accacgccga
t cgggcgage
aagcggct aa
actcctccgt
gt cagact gg
ccccct cagg
at aacgaagg
ggct ggggga
atcacctcta
acttcggcta
caccacgt ga
actt caagct
t cgct aat aa
acgt gct cgg
ttcctcagta
tctact gect
gct acgagt t
gctt gat gaa
ct ggccagaa
agggcagaaa
ct cagaacaa
gcaact cgct
tcttcccttt
acgcggacaa
ccgagtccta
gct gggt cca
t gcagggccc
t gat gggcgg
t cccggcaga
act ccact gg
gtt ggaaccc
ccgt caacac
gaaacttgtg

aggcattcgc
acat caagac
cggact cgac
ggcct acgac
cgccgagttc
agtcttccag
gacggct cct
gggt at t gge
cgacacagag
t gt gggat ct
t gccgat gga
cagagtcatc
caagcaaat ¢
cagcaccccc
ct ggcaaaga
cttcaacatt
ccttaccagc
gt cggct cac
tggat acctc
ggagt acttc
cgagaacgt c
ccctctgatce
ccagcagacg
ctacat ccct
caacagt gag
gat gaaccca
gt ct ggct ct
ggtcatgatc
cggccaggt g
gaaccagggg
t at ct gggca
cttcggcatg
ccct ccgacg
ccaggt cagc
agagat ccag
t gagggt gt g
a
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55
AA
736

source 1..736

mol_type=protein
organism=Adeno-Associated Virus hu68

MAADGYLPDW LEDNLSEG R EWNLKPGAP QPKANQQHQD NARGLVLPGY
KGEPVNEADA AALEHDKAYD QQLKAGDNPY LKYNHADAEF QERLKEDTSF
AKKRLLEPLG LVEEAAKTAP GKKRPVEQSP QEPDSSVA G KSGAQPAKKR
SVPDPQPI GE PPAAPSGVGS LTMASGGGAP VADNNEGADG VGSSSGNVWHC
TTSTRTWALP TYNNHLYKQ SNSTSGGSSN DNAYFGYSTP WGYFDFNRFH
LI NNNWGFRP KRLNFKLFNI' QVKEVTDNNG VKTI ANNLTS TVQVFTDSDY

KYLGPGNGLD 60

GGNLGRAVFQ 120
LNFGOTGDTE 180
DSQWL.GDRVI 240
CHFSPRDWOR 300
QLPYVLGSAH 360




EGCLPPFPAD VFM PQYGYL TLNDGSQAVG RSSFYCLEYF PSQVLRTGNN FQFSYEFENV 420
PFHSSYAHSQ SLDRLM\PLI DQYLYYLSKT | NGSGQONQQT LKFSVAGPSN MAVQGRNYI P 480
GPSYRQQRVS TTVTQNNNSE FAWPGASSWA LNGRNSLMNP GPAMASHKEG EDRFFPLSGS 540
LI FGKQGTGR DNVDADKVM TNEEEI KTTN PVATESYGQV ATNHQSAQAQ AQTGAVQNQG 600
| LPGWWODR DVYLQGPI WA KI PHTDGNFH PSPLMGGFGM KHPPPQI LI K NTPVPADPPT 660
AFNKDKLNSF | TQYSTGQVS VEI EVELQKE NSKRWNPEI Q YTSNYYKSNN VEFAVNTEGY 720
YSEPRPI GTR YLTRNL 736
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