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HYBRID AAV-ANELLOVECTORS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 63/147,102, filed
February 8, 2021. The contents of the atorementioned application are hereby incorporated by reference in

their entirety.

BACKGROUND

There 1s an ongoing need to develop compositions and methods for making suitable viral vectors

to deliver therapeutic eftectors to patients.

SUMMARY

The present disclosure provides an anellovector, e.g., a synthetic anellovector, that can be used as
a delivery vehicle, e.g., for delivering genetic material, tor delivering an ettector, e.g., a payload, or for
delivering a therapeutic agent or a therapeutic effector to a eukaryotic cell (e.g., a human cell or a cell in a
human tissue). Generally, the anellovector comprises a proteinaceous exterior comprising an Anellovirus
ORF1 molecule (e.g., a capsid protein having at least 30%, 40%, 50%, 60%, 70%, 73%, 80%, 85%, 90%,
95%, 96%, 97%., 98%, 99%, or 100% sequence 1dentity to an Anellovirus ORF1 protein, e.g., as described
herein) and a genetic element enclosed within the proteinaceous exterior, wherein the genetic element
comprises at least one nucleic acid sequence (e.g., a contiguous nucleic acid sequence with a length of at
least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 250, 300, 400, 500, 600, 700, 800, 900,
1000, 1500, 2000, 2500, 3000, 3500, or 4000 nucleotides) from a virus other than an Anellovirus, or a
sequence having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 9Y9%, or 100% sequence 1dentity

thereto. In some embodiments, the nucleic acid sequence from a virus other an Anellovirus 1s from an
adeno-associated virus (AAV) (e.g., as described herein). In some embodiments, the ettector (e.g., the
payload), or a sequence encoding the effector, 1s separate from the non-Anellovirus sequence. In some
embodiments, the proteimaceous exterior 1s capable of mtroducing the genetic element into a target cell
(e.g., a mammalian cell, e.g., a human cell). The disclosure further provides compositions and methods
tor adminstering an anellovector (e.g., a synthetic anellovector), e.g., as described herein, that can be used
as a delivery vehicle, e.g., tor delivering genetic material, tor delivering an ettector, e.g., a payload, or tor
delivering a therapeutic agent or a therapeutic etfector to a eukaryotic cell (e.g., a human cell or a human
tissue).

An anellovector and components thereot that can be used in the methods for delivering an

eftector described herein (e.g., produced using a composition or method as described herein) generally
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comprise a genetic element (e.g., a genetic element comprising or encoding an effector, e.g., an
exogenous or endogenous ettector, e.g., a therapeutic ettector) encapsulated in a proteinaceous exterior
(e.g., a proteinaceous exterior comprising an Anellovirus capsid protein, e.g., an Anellovirus ORF1
molecule, e.g., an Anellovirus ORF1 protein or a polypeptide encoded by an Anellovirus ORF1 nucleic
acid, e.g., as described herein, or a polypeptide having at last 30%, 40%, 50%, 60%, 70%, 75%, 80%,
83%., 90%, 95%, 96%, 97%., 98%, 99%, or 100% sequence 1dentity thereto), which is capable of
introducing the genetic element into a cell (e.g., a mammalian cell, e.g., a human cell). The genetic
element generally comprises at least one nucleic acid sequence (e.g., a contiguous nucleic acid sequence
with a length of at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 250, 300, 400, 500,
600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, or 4000 nucleotides) from a virus other than an
Anellovirus (e.g., from an AAV, e.g., AAV1, AAV2, or AAV)), or a sequence having at least 75%, 80%,
83%., 90%, 95%, 96%, 97%., 98%, 99%, or 100% sequence 1dentity thereto. In some embodiments, the
non-Anellovirus sequence comprises a non-Anellovirus origin of replication, e.g., derived from a
Monodnavirus, e.g., a Shotokuvirus (e.g., a Cressdnaviricota [e.g., a redondovirus, circovirus {e.£., a
porcine circovirus, €.g2., PCV-1 or PCV-2; or beak-and-feather disease virus }, geminivirus {e.g., tomato
golden mosaic virus }, or nanovirus {e.g., BBTV, MDV1, SCSVF, or FBNYV }]), or a Parvovirus (e.g., a
dependoparavirus, e.g., a bocavirus or an adeno-associated virus (AAV)). In some embodiments, the non-
Anellovirus origin of replication 1s derived from an AAV (e.g., AAVI1, AAV2, or AAV)S). In some
embodiments, the non-Anellovirus origin of replication comprises an AAV Rep-binding motit (RBM),
e.g., as described herein, or a sequence having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, or
99% sequence 1dentity thereto. In some embodiments, the non-Anellovirus origin ot replication
comprises an AAYV terminal resolution site (TRS), e.g., as described herein, or a sequence having at least
15%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or Y9% sequence 1dentity thereto. In some embodiments,
the non-Anellovirus origin of replication 1s comprised 1n an inverted terminal repeat (ITR), e.g., an AAV
I'TR, e.g., as described herein.

In some embodiments, the anellovector 1s an infectious vehicle or particle comprising a
proteinaceous exterior (€.g., a capsid) comprising a polypeptide encoded by an Anellovirus ORF1 nucleic
acid (e.g., an ORFI1 nucleic acid ot Alphatorquevirus, Betatorquevirus, or Gammatorquevirus, €.g., an
ORF1 of Alphatorquevirus clade 1, Alphatorquevirus clade 2, Alphatorquevirus clade 3,
Alphatorquevirus clade 4, Alphatorquevirus clade 5, Alphatorquevirus clade 6, or Alphatorquevirus clade
7, e.g., as described herein, or a polypeptide having at last 30%, 40%, 50%, 60%, 70%, 753%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 1dentity thereto). In embodiments, an anellovector
described herein comprises a polypeptide encoded by an Anellovirus ORF1 nucleic acid, e.g., having a

sequence as described 1n any of Tables Al, B1, B3, C1, E1, F1, F3, or 5, or a sequence having at last
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80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity thereto. In embodiments, an

anellovector described herein comprises a polypeptide having the sequence ot an ORF]1 protein, e.g.,
having a sequence as described 1n any of Tables A2, B2, B4, C2, E2, F2, F4, or F6, or a polypeptide
having at last 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity thereto. In
embodiments, an anellovector described herein 1s an infectious vehicle or particle, e.g., comprising an
Anellovirus capsid encapsulating a non-Anellovirus genome. Production of an Anellovirus capsid may
include 1n vitro production or host cell expression of an Anellovirus ORF1 molecule, e.g., as described
herein.

In some embodiments, the genetic element of an anellovector of the present disclosure 1s a
circular and/or single-stranded DNA molecule (e.g., circular and single stranded). In some embodiments,
the genetic element of an anellovector of the present disclosure 1s a linear and/or single-stranded DNA
molecule (e.g., linear and single stranded). In some embodiments, the genetic element 1includes a protein
binding sequence that binds to the proteinaceous exterior enclosing it, or a polypeptide attached thereto,
which may facilitate enclosure of the genetic element within the proteinaceous exterior and/or enrichment
of the genetic element, relative to other nucleic acids, within the proteinaceous exterior. In some
embodiments, the genetic element of an anellovector 1s produced using a composition or method, as
described herein.

In some 1nstances, the anellovectors that can be used in the methods ot delivering an effector
described herein comprise a genetic element which comprises or encodes an etfector (e.g., a nucleic acid
eftector, such as a non-coding RNA, or a polypeptide eftector, e.g., a protein), €.g., which can be
expressed 1n the cell. In some embodiments, the etfector 1s a therapeutic agent or a therapeutic ettector,
e.g., as described herein. In some embodiments, the etfector 1s an endogenous etfector or an exogenous
eftector, e.g., to a wild-type Anellovirus or a target cell. In some embodiments, the effector 1s exogenous
to a wild-type Anellovirus or a target cell. In some embodiments, the anellovector can deliver an eftector
into a cell by contacting the cell and mtroducing a genetic element encoding the ettector imto the cell,
such that the etfector 1s made or expressed by the cell. In certain instances, the etfector 1s an endogenous
eftector (e.g., endogenous to the target cell but, e.g., provided in increased amounts by the anellovector).
In other instances, the effector 1s an exogenous eftector. The eftector can, in some nstances, modulate a
tunction of the cell or modulate an activity or level of a target molecule 1n the cell. For example, the
eftector can decrease levels of a target protein in the cell. In another example, the anellovector can
deliver and express an eftector, e.g., an exogenous protein, in vivo. Anellovectors can be used, for
example, to deliver genetic material to a target cell, tissue or subject; to deliver an effector to a target cell,

tissue or subject; to modulate a biological response, e.g., cell or molecular response; or for treatment of
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conditions such as diseases and disorders, e.g., by delivering an effector that can operate as a modulating
and/or therapeutic agent to a desired cell, tissue, or subject.

In some embodiments, the compositions and methods described herein can be used to produce the
genetic element of a synthetic anellovector to be used 1n the methods of aministering anellovectors
described herein, e.g., 1n a host cell. A synthetic anellovector has at least one structural difterence
compared to a wild-type virus (e.g., a wild-type Anellovirus, e.g., a described herein), e.g., a deletion,
insertion, substitution, modification (e.g., enzymatic modification), relative to the wild-type virus. In
some embodiments, the structural difference comprises the non-Anellovirus sequence of the genetic
element, e.g., as described herein. Generally, synthetic anellovectors include an exogenous genetic
element enclosed within a proteinaceous exterior, which can be used tor delivering the genetic element, or
an effector (e.g., an exogenous effector or an endogenous effector) encoded therein (e.g., a polypeptide or
nucleic acid etfector), into eukaryotic (e.g., human) cells. In embodiments, the anellovector does not
cause a detectable and/or an unwanted immune or inflammarory response, e.g., does not cause more than
a 1%, 5%, 10%, 15% increase 1n a molecular marker(s) of inflammation, e.g., TNF-alpha, 1L-6, IL-12,
IEN, as well as B-cell response e.g. reactive or neutralizing antibodies, e.g., the anellovector may be
substantially non-immunogenic to the target cell, tissue or subject.

In some embodiments, the compositions and methods described herein can be used to produce the
genetic element of an anellovector, e.g. an anellovector that can be used 1n the methods of delivering an
eftector described herein, comprising: (1) a genetic element comprising a promoter element and a
sequence encoding an eftector (e.g., an endogenous or exogenous etfector), and a protein binding
sequence (e.g., an exterior protein binding sequence, e.£., a packaging signal); and (11) a proteinaceous
exterior; wherein the genetic element 1s enclosed within the proteinaceous exterior (e.g., a capsid); and
wherein the anellovector 1s capable of delivering the genetic element 1into a eukaryotic (e.g., mammalian,
e.g., human) cell. In some embodiments, the genetic element 18 a single-stranded and/or circular DNA.
Alternatively or in combination, the genetic element has one, two, three, or all ot the tollowing properties:
1s circular, 1s single-stranded, 1t integrates into the genome of a cell at a frequency of less than about
0.0001%, 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 1.5%, or 2% ot the genetic element that
enters the cell, and/or 1t integrates into the genome of a target cell at less than 1, 2, 3,4, 5,6, 7, 8,9, 10,
15, 20, 25, or 30 copies per genome. In some embodiments, integration frequency 1s determined by
quantitative gel purification assay of genomic DNA separated from tree vector, e.g., as described in Wang
et al. (2004, Gene Therapy 11:711-721, incorporated herein by reterence in its entirety). In some
embodiments, the genetic element 1s enclosed within the proteinaceous exterior. In some embodiments,
the anellovector 1s capable of delivering the genetic element into a eukaryotic cell. In some embodiments,

the genetic element comprises a nucleic acid sequence (e.g., a nucleic acid sequence ot between 300-4000
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nucleotides, e.g., between 300-3500 nucleotides, between 300-3000 nucleotides, between 300-2500
nucleotides, between 300- 2000 nucleotides, between 300-13500 nucleotides) having at least 75% (e.g., at
least 75,76, 77,78, 79, 80, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%) sequence 1dentity to a

sequence of a wild-type Anellovirus (e.g., a wild-type Torque Teno virus (T'TV), Torque Teno mini virus
(TTMYV), or TTMDYV sequence, e.g., a wild-type Anellovirus sequence as described herein). In some

embodiments, the genetic element comprises a nucleic acid sequence (e.g., a nucleic acid sequence of at

least 300 nucleotides, 500 nucleotides, 1000 nucleotides, 1500 nucleotides, 2000 nucleotides, 2500
nucleotides, 3000 nucleotides or more) having at least 75% (e.g., at least 75, 76, 77,78, 79, 80, 90, 91, 92,

93, 94, 95, 96, 97, 98, 99, or 100%) sequence 1dentity to a sequence of a wild-type Anellovirus (e.g., a
wild-type Anellovirus sequence as described herein). In some embodiments, the nucleic acid sequence 1s
codon-optimized, e.g., for expression in a mammalian (e.g., human) cell. In some embodiments, at least
50%, 60%, 70%, 80%, 90%, 95%., 96%, 97%, 98%, 99%, or 100% of the codons 1n the nucleic acid
sequence are codon-optimized, e.g., for expression 1in a mammalian (e.g., human) cell.

In some embodiments, the compositions and methods described herein can be used to produce the
genetic element of an infectious (e.g., to a human cell) Annellovector, vehicle, or particle comprising a
capsid (e.g., a capsid comprising an Anellovirus ORF, e.g., ORF1, polypeptide) encapsulating a genetic
element comprising a protein binding sequence that binds to the capsid and a heterologous (to the
Anellovirus) sequence encoding a therapeutic etfector that can be used 1n the methods of adminstering an
anellovector described herein. In embodiments, the Anellovector 1s capable of delivering the genetic
element into a mammalian, e.g., human, cell. In some embodiments, the genetic element has less than
about 6% (e.g., less than 10%, 9.5%, 9%, 8%, 1%, 6%, 5.5%, 5%, 4.5%, 4%, 3.35%, 3%, 2.5%, 2%, 1.5%,
or less) 1dentity to a wild type Anellovirus genome sequence. In some embodiments, the genetic element
has no more than 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 3%, 5.5% or 6% i1dentity to a wild type
Anellovirus genome sequence. In some embodiments, the genetic element has at least about 2% to at
least about 5.5% (e.g., 2 to 3%, 3% to 3%, 4% to 3%) 1dentity to a wild type Anellovirus. In some
embodiments, the genetic element has greater than about 2000, 3000, 4000, 4500, or S000 nucleotides of
non-viral sequence (e.g., non Anellovirus genome sequence). In some embodiments, the genetic element
has greater than about 2000 to 5000, 2500 to 4500, 3000 to 4500, 2500 to 4500, 3500, or 4000, 4500 (e.g.,
between about 3000 to 4500) nucleotides of non-viral sequence (e.g., non Anellovirus genome sequence).
In some embodiments, the genetic element 1s a single-stranded, circular DNA. Alternatively or in
combination, the genetic element has one, two or 3 of the following properties: 1s circular, 1s single
stranded, 1t integrates into the genome of a cell at a frequency of less than about 0.001%, 0.005%, 0.01%,
0.05%, 0.1%, 0.5%, 1%, 1.5%, or 2% of the genetic element that enters the cell, it integrates into the

genome of a target cell atlessthan 1, 2,3,4,5,6,7, 8,9, 10, 15, 20, 23, or 30 copies per genome or
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Integrates at a frequency of less than about 0.0001%, 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%,

1.5%, or 2% of the genetic element that enters the cell (e.g., by comparing integration frequency into
genomic DNA relative to genetic element sequences trom cell lysates). In some embodiments,
integration frequency 1s determined by quantitative gel purification assay of genomic DNA separated
trom free vector, e.g., as described 1n Wang et al. (2004, Gene Therapy 11: 711-721, incorporated herein
by reference 1n its entirety).

In some embodiments, Anelloviruses or anellovectors, administered according to the
methodsdescribed herein, can be used as effective delivery vehicles for introducing an agent, such as an
eftector described herein, to a target cell, e.g., a target cell in a subject to be treated therapeutically or
prophylactically.

In some embodiments, the compositions and methods described herein can be used to produce the
genetic element of an anellovector that can be used 1n the methods of administration described herein,
comprising a proteinaceous exterior comprising a polypeptide (e.g., a synthetic polypeptide, e.g., an
ORFEF1 molecule) comprising (e.g., 1n series):

(1) a first region comprising an arginine-rich region, e.g., a sequence of at least about 40 amino
acids comprising at least 60%, 70%, or 80% basic residues (e.g., arginine, lysine, or a combination
thereoft),

(11) a second region comprising a jelly-roll domain, e.g., a sequence comprising at least 6 beta
strands,

(111) a third region comprising an N22 domain sequence described herein,

(1v) a tourth region comprising an Anellovirus ORF1 C-terminal domain (CTD) sequence
described herein, and

(v) optionally wherein the polypeptide has an amino acid sequence having less than 100%, 99%,
98%, 95%, 90%, 85%, 80% sequence 1dentity to a wild type Anellovirus ORF1 protein, e.g., as described
herein.

In an aspect, the invention features an isolated nucleic acid molecule (e.g., a nucleic acid
construct) comprising the sequence of a genetic element comprising a promoter element operably linked
to a sequence encoding an effector, e.g., a payload, and an exterior protein binding sequence. In some
embodiments, the exterior protein binding sequence includes a sequence at least 75% (at least 80%, 85%,
90%, 95%, 97%, 100%) 1dentical to a 5’UTR sequence of an Anellovirus, e.g., as disclosed herein. In
embodiments, the genetic element 1s a single-stranded DNA, 1s circular, itegrates at a frequency of less
than about 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 1.3%, or 2% of the genetic element that
enters the cell, and/or integrates imto the genome of a target cell at less than 1, 2, 3,4, 5,6, 7,8, 9, 10, 13,

20, 25, or 30 copies per genome or integrates at a frequency of less than about 0.001%, 0.005%, 0.01%,
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0.05%, 0.1%, 0.5%, 1%, 1.5%, or 2% of the genetic element that enters the cell. In some embodiments,
integration tfrequency 1s determined by quantitative gel purification assay of genomic DNA separated
trom free vector, e.g., as described 1n Wang et al. (2004, Gene Therapy 11: 711-721, incorporated herein
by reference 1n its entirety). In embodiments, the effector does not originate from TTV and 1s not an
SV40-miR-S1. In embodiments, the nucleic acid molecule does not comprise the polynucleotide
sequence of TTMV-LY2. In embodiments, the promoter element 1s capable of directing expression of the
eftector 1n a eukaryotic (e.g., mammalian, e.g., human) cell.

In some embodiments, the nucleic acid molecule 1s circular. In some embodiments, the nucleic
acid molecule 1s linear. In some embodiments, a nucleic acid molecule described herein comprises one or
more modified nucleotides (e.g., a base modification, sugar modification, or backbone modification).

In some embodiments, the nucleic acid molecule comprises a sequence encoding an ORF1
molecule (e.g., an Anellovirus ORF1 protein, e.g., as described herein). In some embodiments, the
nucleic acid molecule comprises a sequence encoding an OREF2 molecule (e.g., an Anellovirus OREF2
protein, e.g., as described herein). In some embodiments, the nucleic acid molecule comprises a sequence
encoding an ORF3 molecule (e.g., an Anellovirus OREF3 protein, e.g., as described herein). In an aspect,
the invention features a genetic element comprising one, two, or three of: (1) a promoter element and a
sequence encoding an eftector, e.g., an exogenous or endogenous ettector; (11) at least 72 contiguous
nucleotides (e.g., at least 72, 73, 74,775,776, 77,78, 79, 80, 90, 100, or 150 nucleotides) having at least
15% (e.g., at least 75, 76, 77,775, 79, 80, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%) sequence identity
to a wild-type Anellovirus sequence; or at least 100 (e.g., at least 300, 500, 1000, 1500) contiguous
nucleotides having at least 72% (e.g., at least 72, 73, 74,775,776, 77,78, 79, 80, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100%) sequence 1dentity to a wild-type Anellovirus sequence; and (i11) a protein binding
sequence, €.g., an exterior protein binding sequence, and wherein the nucleic acid construct 1s a single-
stranded DNA; and wherein the nucleic acid construct is circular, integrates at a frequency ot less than
about 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 1.5%, or 2% ot the genetic element that enters
the cell, and/or integrates into the genome of a target cell at less than 1, 2, 3,4, 35,6,7,8,9, 10, 15, 20, 25,
or 30 copies per genome In some embodiments, a genetic element encoding an effector (e.g., an
exogenous or endogenous ettector, e.g., as described herein) 1s codon optimized. In some embodiments,
the genetic element 1s circular. In some embodiments, the genetic element 1s linear. In some
embodiments, a genetic element described herein comprises one or more modified nucleotides (e.g., a
base modification, sugar moditication, or backbone moditication). In some embodiments, the genetic
element comprises a sequence encoding an ORF1 molecule (e.g., an Anellovirus ORF1 protein, e.g., as
described herein). In some embodiments, the genetic element comprises a sequence encoding an OREF2

molecule (e.g., an Anellovirus ORF2 protein, e.g., as described herein). In some embodiments, the

7



10

15

20

25

30

WO 2022/170195 PCT/US2022/015499

genetic element comprises a sequence encoding an ORF3 molecule (e.g., an Anellovirus ORE3 protein,
e.g., as described herein).

In an aspect, the invention features a host cell comprising: (a) one or more nucleic acid molecules
comprising a sequence encoding one or more of an ORF1 molecule, an ORF2 molecule, or an ORF3
molecule (e.g, a sequence encoding an Anellovirus ORF1 polypeptide described herein), e.g., wherein the
nucleic acid molecule 1s a plasmid, 1s a viral nucleic acid, or 1s integrated into a chromosome; and (b) a
genetic element, wherein the genetic element comprises (1) a promoter element operably linked to a
nucleic acid sequence (e.g., a DNA sequence) encoding an etfector (e.g., an exogenous eftector or an
endogenous ettector) and (11) a protein binding sequence that binds the ORF1 molecule ot (a), wherein the
genetic element of (b) does not encode one or more of an ORFEF1 polypeptide (e.g., an ORF1 protein), an
ORF2 polypeptide (e.g., an ORF2 protein), and/or an ORF3 polypeptide (e.g., an ORF3 protein). For
example, the host cell comprises (a) and (b) either 1n cis (both part of the same nucleic acid molecule) or
in trans (each part of a ditferent nucleic acid molecule). In embodiments, the one or more nucleic acid of
(a) may be circular, single-stranded DNA; in other embodiments, the one or more nucleic acid ot (a) may
be linear DNA. In embodiments, the genetic element of (b) 1s a circular, single-stranded DNA. In some
embodiments, the host cell 1s a manufacturing cell line, e.g., as described heremn. In some embodiments,
the host cell 1s adherent or in suspension, or both. In some embodiments, the host cell or helper cell 1s
grown 1n a microcarrier. In some embodiments, the host cell or helper cell 1s compatible with cGMP
manufacturing practices. In some embodiments, the host cell or helper cell 1s grown 1n a medium suitable
tor promoting cell growth. In certain embodiments, once the host cell or helper cell has grown
sutficiently (e.g., to an appropriate cell density), the medium may be exchanged with a medium suitable
tor production of anellovectors by the host cell or helper cell.

In an aspect, the invention features a pharmaceutical composition comprising an anellovector
(e.g., a synthetic anellovector), e.g., an anellovector that can be administered by the methods described
herein. In embodiments, the pharmaceutical composition turther comprises a pharmaceutically
acceptable carrier or excipient. In embodiments, the pharmaceutical composition comprises a unit dose
comprising about 10°-10" (e.g., about 10°-10", 107-10"%, 10°-10", or 10°-10'") genome equivalents of the
anellovector per kilogram of a target subject. In some embodiments, the pharmaceutical composition
comprising the preparation will be stable over an acceptable period of time and temperature, and/or be
compatible with the desired route of administration and/or any devices this route of administration will
require, e.g., needles or syringes. In some embodiments, the pharmaceutical composition 1s formulated
tor administration as a single dose or multiple doses. In some embodiments, the pharmaceutical

composition 18 formulated at the site of administration, e.g., by a healthcare proftessional. In some
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embodiments, the pharmaceutical composition comprises a desired concentration of anellovector
genomes or genomic equivalents (e.g., as defined by number of genomes per volume).

In an aspect, the invention features a method of treating a disease or disorder 1n a subject, the
method comprising administering to the subject an anellovector, e.g., a synthetic anellovector, e.g., as
described herein.

In an aspect, the invention features a method of delivering an etfector or payload (e.g., an
endogenous or exogenous ettector) to a cell, tissue or subject, the method comprising administering to the
subject an anellovector, e.g., a synthetic anellovector, e.g., as described herein, wherein the anellovector
comprises a nucleic acid sequence encoding the effector. In embodiments, the payload 1s a nucleic acid.
In embodiments, the payload 1s a polypeptide.

In an aspect, the invention features a method of delivering an anellovector to a cell, comprising
contacting the anellovector, e.g., a synthetic anellovector, e.g., as described herein, with a cell, e.g., a
eukaryotic cell, e.g., a mammalian cell, e.g., 1n vivo or ex vivo.

In an aspect, the invention features a method of making an anellovector, e.g., a synthetic
anellovector that can be used 1in a method of administering an anellovector described herein. The method
includes:

(a) providing a host cell comprising:

(1) a first nucleic acid molecule comprising the nucleic acid sequence of a genetic element
of an anellovector, e.g., as described herein; and

(11) a second nucleic acid molecule encoding an Anellovirus ORF1 polypeptide, or one or
more of an amino acid sequence chosen from ORF1, OREF2, ORF2/2, ORF2/3, ORF1/1, or

ORF1/2, e.g., as described herein, or an amino acid sequence having at least 70% (e.g., at least

70%, 75%, 80%, 85%, 90%, 953%, 96%, 97%, 98%, 99%, or 100%) sequence 1dentity thereto;

and

(b) incubating the host cell under conditions suitable tor replication (e.g., rolling circle
replication) of the nucleic acid sequence of the genetic element, thereby producing a genetic element; and

optionally (¢) incubating the host cell under conditions suitable for enclosure of the genetic
element 1n a proteinaceous exterior (e.g., comprising a polypeptide encoded by the second nucleic acid
molecule).

In another aspect, the invention features a method of manufacturing an anellovector composition,
e.g., an anellovector composition that can be used in the methods of administration described herein, the
composition comprising one or more of (e.g., all of) (a), (b), and (¢):

a) providing a host cell comprising, €.g., expressing one or more components (e.g., all of the

components) of an anellovector, e.g., a synthetic anellovector, e.g., as described herein;
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b) culturing the host cell under conditions suitable tor producing a preparation of anellovectors
trom the host cell, wherein the anellovectors of the preparation comprise a proteinaceous exterior (€.g.,
comprising an Anellovector ORF1 polypeptide) encapsulating the genetic element (e.g., as described
herein), thereby making a preparation of anellovectors; and

optionally, ¢) formulating the preparation of anellovectors, €.g., as a pharmaceutical composition
suitable for administration to a subject.

For example, the host cell provided 1n this method of manutacturing comprises (a) a nucleic acid
comprising a sequence encoding an Anellovirus ORF1 polypeptide described herein, wherein the nucleic
acid 1s a plasmid, 1s a viral nucleic acid or genome, or 1s integrated into a helper cell chromosome; and (b)
a nucleic acid construct capable of producing a genetic element (e.g., comprising a genetic element
sequence and/or genetic element region, e.g., as described herein), e.g., wherein the genetic element
comprises (1) a promoter element operably linked to a nucleic acid sequence (e.g., a DNA sequence)
encoding an effector (e.g., an exogenous etfector or an endogenous ettector) and (1) a protein binding
sequence (e.g, packaging sequence) that binds the polypeptide of (a), wherein the host cell comprises (a)
and (b) either 1n c1s or 1n trans. In embodiments, the genetic element of (b) 1s circular, single-stranded
DNA. In some embodiments, the host cell 1s a manufacturing cell line.

In some embodiments, the components of the anellovector are mtroduced into the host cell at the
time of production (e.g., by transient transtection). In some embodiments, the host cell stably expresses
the components of the anellovector (e.g., wherein one or more nucleic acids encoding the components of
the anellovector are introduced into the host cell, or a progenitor thereot, e.g., by stable transtection).

In an aspect, the invention features a method of manufacturing an anellovector composition,
comprising: a) providing a plurality of anellovectors described herein, or a preparation of anellovectors
described herein; and b) formulating the anellovectors or preparation thereof, e.g., as a pharmaceutical
composition suitable for administration to a subject.

In an aspect, the invention features a method of making a host cell, e.g., a first host cell or a
producer cell (e.g., as shown in Figure 12 of PCT/US19/65995), e.g., a population of first host cells,
comprising an anellovector, the method comprising introducing a nucleic acid construct capable of
producing a genetic element, e.g., as described herein, to a host cell and culturing the host cell under
conditions suitable tor production of the anellovector. In embodiments, the method fturther comprises
introducing a helper, e.g., a helper virus, to the host cell. In embodiments, the introducing comprises
transtection (e.g., chemical transtection) or electroporation of the host cell with the anellovector.

In an aspect, the invention features a method of making an anellovector, comprising providing a
host cell, e.g., a first host cell or producer cell (e.g., as shown 1n Figure 12 of PCT/US19/65995),

comprising an anellovector, e.g., as described herein, and purifying the anellovector from the host cell. In
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some embodiments, the method further comprises, prior to the providing step, contacting the host cell
with a nucleic acid construct or an anellovector, e.g., as described herein, and incubating the host cell
under conditions suitable tor production of the anellovector. In embodiments, the host cell 1s the first host
cell or producer cell described in the above method of making a host cell. In embodiments, purifying the
anellovector trom the host cell comprises lysing the host cell.

In some embodiments, the method further comprises a second step of contacting the anellovector
produced by the first host cell or producer cell with a second host cell, e.g., a permissive cell (e.g., as
shown 1n Figure 12 of PCT/US19/65995), e.g., a population of second host cells. In some embodiments,
the method fturther comprises incubating the second host cell inder conditions suitable for production of
the anellovector. In some embodiments, the method further comprises puritying an anellovector from the
second host cell, e.g., thereby producing an anellovector seed population. In embodiments, at least about
2-100-told more ot the anellovector 1s produced trom the population of second host cells than from the
population of first host cells. In embodiments, puritying the anellovector trom the second host cell
comprises lysing the second host cell. In some embodiments, the method turther comprises a second step
of contacting the anellovector produced by the second host cell with a third host cell, e.g., permissive
cells (e.g., as shown 1n Figure 12 of PCT/US19/65995), e.g., a population of third host cells. In some
embodiments, the method turther comprises incubating the third host cell inder conditions suitable for
production of the anellovector. In some embodiments, the method turther comprises puritying a
anellovector from the third host cell, e.g., thereby producing an anellovector stock population. In
embodiments, puritying the anellovector from the third host cell comprises lysing the third host cell. In
embodiments, at least about 2-100-tfold more of the anellovector i1s produced trom the population of third
host cells than trom the population ot second host cells.

In some embodiments, the host cell 1s grown 1n a medium suitable for promoting cell growth. In
certain embodiments, once the host cell has grown sutficiently (e.g., to an appropriate cell density), the
medium may be exchanged with a medium suitable for production of anellovectors by the host cell. In
some embodiments, anellovectors produced by a host cell separated trom the host cell (e.g., by lysing the
host cell) prior to contact with a second host cell. In some embodiments, anellovectors produced by a
host cell are contacted with a second host cell without an intervening purification step.

In an aspect, the invention features a method of making a pharmaceutical anellovector
preparation, e.g., a preparation to be used in the methods ot administration described herein. The method
comprises (a) making an anellovector preparation as described herein, (b) evaluating the preparation (e.g.,
a pharmaceutical anellovector preparation, anellovector seed population or the anellovector stock
population) for one or more pharmaceutical quality control parameters, €.g., identity, purity, titer, potency

(e.g., 1 genomic equivalents per anellovector particle), and/or the nucleic acid sequence, e.g., from the
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genetic element comprised by the anellovector, and (¢) formulating the preparation for pharmaceutical use
of the evaluation meets a predetermined criterion, €.g, meets a pharmaceutical specification. In some
embodiments, evaluating identity comprises evaluating (e.g., confirming) the sequence ot the genetic
element of the anellovector, e.g., the sequence encoding the effector. In some embodiments, evaluating
purity comprises evaluating the amount of an impurity, e.g., mycoplasma, endotoxin, host cell nucleic
acids (e.g., host cell DNA and/or host cell RNA), animal-derived process impurities (e.g., serum albumin
or trypsin), replication-competent agents (RCA), e.g., replication-competent virus or unwanted
anellovectors (e.g., an anellovector other than the desired anellovector, e.g., a synthetic anellovector as
described herein), free viral capsid protein, adventitious agents, and aggregates. In some embodiments,
evalating titer comprises evaluating the ratio of tunctional versus non-functional (e.g., infectious vs non-
intectious) anellovectors in the preparation (e.g., as evaluated by HPLC). In some embodiments,
evaluating potency comprises evaluating the level ot anellovector function (e.g., expression and/or
tunction of an eftector encoded therein or genomic equivalents) detectable 1n the preparation.

In embodiments, the tormulated preparation 1s substantially free ot pathogens, host cell
contaminants or impurities; has a predetermined level of non-infectious particles or a predetermined ratio
of particles:infectious units (e.g., <300:1, < 200:1, <100:1, or <50:1). In some embodiments, multiple
anellovectors can be produced 1n a single batch. In embodiments, the levels of the anellovectors produced
in the batch can be evaluated (e.g., individually or together).

In an aspect, the invention features a host cell comprising:

(1) a first nucleic acid molecule comprising a nucleic acid construct as described herein, and

(11) optionally, a second nucleic acid molecule encoding one or more of an amino acid sequence

chosen from ORF1, ORF2, ORF2/2, ORF2/3, ORF1/1, or ORF1/2, e.g., as described herein, or an amino
acid sequence having at least about 70% (e.g., at least about 70, 80, 90, 95, 96, 97, 98, 99, or 100%)

sequence identity thereto.

In an aspect, the invention features a reaction mixture comprising an anellovector described
herein and a helper virus that can be used 1n the methods of admintration described herein, wherein the
helper virus comprises a polynucleotide encoding an exterior protein, (€.g., an exterior protein capable ot
binding to the exterior protein binding sequence and, optionally, a lipid envelope), a polynucleotide
encoding a replication protein (e.g., a polymerase), or any combination thereof.

In some embodiments, an anellovector (e.g., a synthetic anellovector) 1s 1solated, e.g., 1solated
trom a host cell and/or 1solated trom other constituents in a solution (e.g., a supernatant). In some
embodiments, an anellovector (e.g., a synthetic anellovector) 1s purified, e.g., from a solution (e.g., a
supernatant). In some embodiments, an anellovector 1s enriched 1n a solution relative to other

constituents 1n the solution.
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In some embodiments of any of the atoresaid anellovectors, compositions or methods, providing
an anellovector comprises separating (e.g., harvesting) an anellovector from a composition comprising an
anellovector-producing cell, e.g., as described herein. In other embodiments, providing an anellovector
comprises obtaining an anellovector or a preparation thereot, e.g., from a third party.

In embodiments, the genetic element 1s not capable of self-replication and/or selt-amplification.
In embodiments, the genetic element 1s capable of replicating and/or being amplified in frans, €.g., 11 the

presence of a helper, e.g., a helper virus.

Additional teatures ot any of the aforesaid anellovectors, compositions or methods include one or
more of the tollowing enumerated embodiments.

Those skilled 1n the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specitic embodiments of the invention described herein. Such

equivalents are intended to be encompassed by the tollowing enumerated embodiments.

Enumerated Embodiments

1. A viral particle comprising a circular DNA comprising (1) an AAYV origin of replication, (i1) a
promoter operably linked to a sequence encoding a therapeutic RNA or polypeptide, and (111) a sequence
that binds an Anellovirus ORF1 molecule, the circular DNA being encapsidated by a capsid comprising

an Anellovirus ORF1 molecule.

2. A viral particle comprising a circular DNA comprising (1) an AAYV origin of replication, and (11) a
promoter operably linked to a sequence encoding a therapeutic RNA or polypeptide, wherein the circular

DNA 18 encapsidated by a capsid comprising an Anellovirus ORF1 molecule.

3. A vector comprising:

a) a proteinaceous exterior comprising an Anellovirus ORF1 molecule; and

b) a genetic element comprising a non-Anellovirus origin of replication;
optionally wherein the genetic element further comprises: (1) a nucleic acid sequence encoding an
exogenous etffector, and/or (1) a promoter element operatively linked to the nucleic acid sequence

encoding the exogenous ettector.

4. The vector of embodiment 3, wherein the non-Anellovirus origin of replication 1s derived from a

DNA virus, e.g., a single-stranded DNA (ssDNA) virus, e.g., a linear ssDNA virus.
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d. The vector of embodiment 3 or 4, wherein the non-Anellovirus origin of replication 1s derived
from a Monodnavirus, e.g., a Shotokuvirus (e.g., a Cressdnaviricota [e.g., a redondovirus, circovirus
{e.g., a porcine circovirus, €.g., PCV-1 or PCV-2; or beak-and-feather disease virus }, geminivirus {e.g.,
tomato golden mosaic virus }, or nanovirus {e.g., BBTV, MDV1, SCSVEF, or FBNYV }]), or a Parvovirus

(e.g., a dependoparavirus, e€.g., a bocavirus or an AAV).

0. The vector of embodiment 5, wherein the non-Anellovirus origin of replication 1s derived from a
Monodnavirus, e.g., Shotokuvirus, e.g., Cossaviricota, e.g., Quintoviricetes, €.g., Piccovirales, e.g.,

Parvoviridae, e.g., Parvovirinae, e.g., Dependoparvovirus, e.g., an Adeno-associated virus (AAV).

7. The vector of embodiment 5, wherein the non-Anellovirus origin of replication 1s an AAV (e.g.,

AAV1, AAV2, or AAVYS) origin of replication.

3. The vector of embodiment 5, wherein the non-Anellovirus origin of replication 1s derived from a

virus that replicates by rolling circle replication.

9. The vector of embodiment 5, wherein the non-Anellovirus origin of replication 1s derived from a

virus that replicates by rolling hairpin replication.

10. The vector of embodiment 5, wherein the non-Anellovirus origin of replication 1s derived from a

virus that infects an animal (e.g., a mammal, e.g., a human), plant, fungi, or bacteria.

11. The vector of any of the preceding embodiments, wherein the non-Anellovirus origin of
replication comprises an AAV Rep-binding motitf (RBM), or a sequence having at least 75%, 80%, 835%,
90%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity thereto.

12. The vector of any of the preceding embodiments, wherein the non-Anellovirus origin ot

replication comprises an AAYV terminal resolution site (TRS), or a sequence having at least 75%, 80%,

83%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity thereto.

13. The vector of any of the preceding embodiments, wherein the non-Anellovirus origin of

replication comprises an iverted terminal repeat (ITR).
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14. The vector of any of the preceding embodiments, wherein the non-anellovirus origin of

replication does not comprise an Anellovirus origin of replication, or a nucleic acid sequence having at

least 75%, 80%, 83%, 90%, 953%, 96%, 97%, 98%, or 99% sequence identity thereto.

15. The vector of any of the preceding embodiments, wherein the non-Anellovirus origin of

replication does not substantially replicate (e.g., 1s incapable of replicating) by rolling circle replication.

16. The vector of any of the preceding embodiments, wherein the non-Anellovirus orign ot
replication does not comprise a contiguous sequence of at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nucleotides trom an Anellovirus genome (e.g., as

described herein).

17. A genetic element comprising:

a protein binding sequence that specitically binds an Anellovirus ORF1 molecule (e.g., a 5’
UTR); and

an AAYV origin of replication, e.g., comprised 1n a first AAV 1nverted terminal repeat (1TR);
optionally, a nucleic acid sequence encoding an exogenous ettector (e.g., a therapeutic exogenous
effector); and

optionally, a promoter element operatively linked to the nucleic acid sequence encoding the

exogenous ettector.

13. A genetic element construct comprising:

a protein binding sequence that specitfically binds an Anellovirus ORF1 molecule (e.g., a 5’
UTR); and

an AAYV origin of replication, e.g., comprised 1n a tirst AAV 1nverted terminal repeat (1TR);
optionally, a nucleic acid sequence encoding an exogenous ettector (e.g., a therapeutic exogenous

effector); and
optionally, a promoter element operatively linked to the nucleic acid sequence encoding the

exogenous ettector.
19. A system comprising:

a) a tirst nucleic acid, wherein the first nucleic acid 1s a genetic element or a genetic element

construct, the first nucleic acid comprising:
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an AAYV origin of replication, e.g., comprised 1n a first AAV mverted terminal repeat
(ITR);

optionally, a nucleic acid sequence encoding an exogenous eftector (e.g., a therapeutic
exogenous ettector); and

optionally, a promoter element operatively linked to the nucleic acid sequence encoding
the exogenous ettector;

b) a second nucleic acid encoding an Anellovirus ORF1 molecule.

20). The system of embodiment 19, wherein the first nucleic acid further comprises a protein binding
sequence that specifically binds an Anellovirus ORF1 molecule (e.g., a 5> UTR or GC-rich region of an

Anellovirus).

21. The system of embodiment 19 or 20, which further comprises a nucleic acid sequence encoding

an Anellovirus ORF2 molecule.

22. The system of embodiment 21, wherein the nucleic acid sequence encoding the Anellovirus

ORF?2 molecule 1s situated on a third nucleic acid.

23. The system of any of embodiments 19-22, which further comprises a nucleic acid sequence

encoding an AAV Rep2Z molecule (e.g., an AAV Rep2 polypeptide, e.g., AAV Rep2 protein).

24. The system of embodiment 23, wherein the nucleic acid sequence encoding the AAV REP2

molecule 18 situated on a fourth nucleic acid.

23. The system of any of embodiments 19-24, which turther comprises one or more nucleic acid
sequence encoding one or more of (e.g., all of) an Adenovirus E2A molecule, an Adenovirus E4

molecule, and an Adenovirus VARNA molecule.

26. The system of embodiment 25, wherein the nucleic acid sequence encoding the Adenovirus E2A
molecule, the Adenovirus E4 molecule, and the Adenovirus VARNA molecule 1s situated on a fifth

nucleic acid.

27. The system of any of embodiments 19-26, wherein one or more of (e.g., all of) the first, second,

third, fourth, and fitth nucleic acids are plasmids.
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28. The system of any of embodiments 19-27, wherein the nucleic acids are admixed or 1n separate
volumes.
29. The system of any of embodiments 19-28, wherein the nucleic acids are in a cell, e.g., a human

cell, e.g., a 293 cell or a MOLT4 cell.

30. A DNase-protected proteinaceous complex comprising:

a) a proteinaceous exterior comprising an Anellovirus ORF1 molecule; and

b) a genetic element comprising an AAV origin of replication, e.g., comprised 1n a first AAV
inverted terminal repeat (ITR);

optionally wherein the genetic element further comprises: (1) a nucleic acid sequence encoding an
exogenous ettector, and/or (11) a promoter element operatively linked to the nucleic acid sequence

encoding the exogenous ettector.

31. The DNase-protected proteimaceous complex of embodiment 30, wherein:
the genetic element 1s substantially free of Anellovirus sequence,
the genetic element does not comprise more than 100 nucleotides of more than 50% i1dentity to
any 100 nucleotide sequence ot a wild-type Anellovirus genome, or

the genetic element does not comprise an Anellovirus 5 UTR.

32. A DNase-protected proteinaceous complex comprising:
a) a proteinaceous exterior comprising an Anellovirus ORF1 molecule; and
b) a genetic element;
wherein:
the genetic element 1s substantially free of Anellovirus sequence,
the genetic element does not comprise more than 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100
consecutive nucleotides of more than 50%, 60%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97 %,
98%, 99%, or 100% 1dentity to any sequence of the same length of a wild-type Anellovirus
genome, and/or
the genetic element does not comprise an Anellovirus 5 UTR;
optionally wherein the genetic element further comprises: (1) a nucleic acid sequence encoding an
exogenous effector, and/or (1) a promoter element operatively linked to the nucleic acid sequence

encoding the exogenous etfector.
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33. The DNase-protected proteinaceous complex of embodiment 32, wherein the genetic element

turther comprises (111) a first TR, e.g., a tirst AAV ITR.

34. A mixture comprising:
an Anellovirus ORF1 molecule, and
a nucleic acid comprising an AAV origin of replication, e.g., comprised 1n a first AAV mverted

terminal repeat (ITR).

33. A mixture comprising:
an Anellovirus ORF1 molecule, and
a nucleic acid (e.g., a genetic element);
wherein:
the nucleic acid 1s substantially tree ot Anellovirus sequence,
the nucleic acid does not comprise more than 100 nucleotides of more than 50% i1dentity
to any 100 nucleotide sequence of a wild-type Anellovirus genome, or

the nucleic acid does not comprise an Anellovirus 5 UTR;

36. The mixture of embodiment 34 or 35, wherein the Anellovirus ORF1 molecule 1s bound to the

nucleic acid comprising the tirst AAV I'TR.

37. The mixture of any of embodiments 34-36, wherein the nucleic acid comprising the first AAV
origin of replication 1s a genetic element, e.g., a genetic element according to any of the preceding

embodiments.

38. A complex comprising:
genetic element according to any of the preceding embodiments, and

a capsid protein (e.g., an OREF1 molecule) bound to the genetic element.

39. The mixture or complex of any of embodiments 34-38, which 1s 1n a cell-free system or a

substantially cell-free composition.

40. The complex of embodiment 38 or 39, wherein the complex 1s 1n a cell, e.g., a host cell, e.g., a

helper cell.

18



10

15

20

25

30

WO 2022/170195 PCT/US2022/015499

4]. A cell comprising the genetic element or genetic element construct of any of the preceding

embodiments.

47. The cell of embodiment 41, which 1s a human cell, e.g., a 293 cell, an Exp1293 cell, an Exp1293F
cell, or a MOLT-4 cell.

43. A method of delivering an exogenous ettector to a target cell (e.g., a vertebrate cell, e.g., a
mammalian cell, e.g., a human cell), the method comprising introducing into the cell a vector of any of

the preceding embodiments.

44, A method of modulating a biological activity 1n a subject in need thereot, the method comprising

introducing mmto the subject a vector of any of the preceding embodiments.

45. A method of treating or preventing a disease or disorder 1n a subject in need thereof, the method

comprising introducing into the subject a vector ot any of the preceding embodiments.

46. A method of vaccinating a subject 1n need thereot, the method comprising introducing into the
subject a vector ot any of the preceding embodiments, wherein the exogenous etfector comprises an

antigen from an infectious agent (e.g., a virus or bacteria).

47. The method of any of embodiments 43-46, wherein the target cell 1s a human cell, e.g., a 293 cell,
an Expi293 cell, an Exp1293F cell, or a MOLT-4 cell.

43. The method of any ot embodiments 43-46, wherein the target cell 1s a cell from an animal (e.g.,

an agricultural amimal, e.g., a cow, sheep, p1g, goat, horse, bison, or camel).

49. The method of embodiment 48, wherein the animal 1s an avian amimal (e.g., a turkey, chicken,

quail, emu, or ostrich).

50. The method of any of embodiments 43-49, wherein the target cell 1s in vivo or in vitro.

51. The method of any of embodiments 43-50, wherein the vector 1s contacted to a cell in vitro, ex

Vivo, Or in vivo.
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S2. The vector of any of the preceding embodiments, wherein the genetic element 1s substantially

protected trom digestion with DNAse I.

53, The vector of any of the preceding embodiments, wherein if the exogenous etfector 1s replaced
with mKate, the vector can deliver mKate to a plurality of target cells (e.g., MOLT4 cells) 1n vitro,
resulting 1n at least about 10%, 20%, 30%, 40%, 50%, or 60% ot cells contacted with the vector having a
tfluorescence above a background levels, wherein the background level 1s the level excluding all but the

most fluorescent 1%, 2%, 3%. 49, 3%, 6%, 7%, 8%, 9%, or 10% of cells contacted with an otherwise

similar vector lacking ORF1, e.g., in a flow cytometry assay of Example 5.

4. The vector of any of the preceding embodiments, wherein if the exogenous etfector 1s replaced
with nanolLuciferase, the vector can deliver nanoLuciferase to a plurality of target cells (e.g., Vero cells or
MCF7 cells) 1n vitro, resulting 1 a population ot cells contacted with the vector that shows luminescence
of at least about 2, 3,4, 35,6,7, 8,9, 10, or 15 times a background level, wherein the background level is
the luminescence ot otherwise similar cells not contacted with the vector, e.g., in a luminescence assay of

Example 4 or 8.

35. The vector of any of the preceding embodiments, which sediments at a density of about 1.2-1.4

g/ml on a CsCl gradient, e.g., according to Example 5.

6. A method of making a vector, comprising:
(a) providing a host cell comprising a genetic element of any of the preceding embodiments, and
(b) incubating the host cell under conditions suitable for enclosure of the genetic element in a
proteimaceous exterior (e.g., a proteinaceous exterror comprising an Anellovirus ORF1 molecule),

thereby making the vector.

>7. A method of making a vector, comprising:

(a) providing a host cell comprising a system of any of the preceding embodiments, and

(b) incubating the host cell under conditions suitable for enclosure of the genetic element in a
proteimaceous exterior (e.g., a proteinaceous exterror comprising an Anellovirus ORF1 molecule),

thereby making the vector.

8. The method of embodiment 56 or 57, which comprises lysis of the host cell.
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39. The method of any of embodiments 56-58, which comprises obtaining the vector from

supernatant of the host cell.

60. The method of any of embodiments 56-59, wherein the host cell turther comprises one or more
additional nucleic acids encoding one or more of (e.g., all of) an Anellovirus ORF2 molecule, an AAV

REP2 molecule, an Adenovirus E2A molecule, an Adenovirus E4 molecule, and an Adenovirus VARNA

molecule.

Ol. A method of making a therapeutic composition, comprising:
(a) providing one or a plurality of host cells comprising exogenous DNA comprising:
(1) an AAYV origin of replication,
(11) a promoter operably linked to a sequence encoding a therapeutic ettector (e.g., a
therapeutic RNA or polypeptide),
(111) optionally a sequence encoding an Anellovirus ORF1 molecule,
(1v) optionally a sequence encoding an Anellovirus ORF2 molecule,
(v) optionally a sequence encoding a Rep protein (e.g., an AAV Rep protein, e.g., an
AAYV Rep2 protein), and
(v1) optionally a sequence encoding one or a plurality of helper proteins, e.g., an
Adenovirus helper protein, e.g., an E2A molecule, an Adenovirus E4 molecule, and/or an
Adenovirus VARNA molecule;
(b) culturing the one or plurality of host cells under conditions suitable for formation of vectors
(e.g., anellovectors, e.g., viral particles) comprising a proteinaceous exterior (e.g., capsid) comprising a
sutficient number of the ORF1 molecules to enclose (e.g., encapsidate) a genetic element comprising the
promoter operably linked to the sequence encoding the therapeutic etfector; optionally wherein the
genetic element 1s circular or linear;
(¢) enriching, e.g., puritying the vectors produced 1n step (b) from the cell culture,

thereby making a therapeutic composition.

02. The method of embodiment 61, turther comprising:
(d) evaluating the puritied viral particles for one or more impurity selected trom:
endotoxin, mycoplasma, host cell nucleic acids (e.g., host cell DNA and/or host cell RNA),
animal-derived process impurities (e.g., serum albumin or trypsin), replication-competent

particles, free viral capsid protein, adventitious agents, and aggregates;
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(e) optionally reducing or removing the one or more impurity from the viral particles 1t
detected 1n step (d); and
(1) optionally tformulating the purified viral particles for administration to a human,

thereby making a therapeutic composition.

63. The method of embodiment 61 or 62, wherein the exogenous DNA of (a) (1)-(v1) 1s provided in

one host cell.

64. The method of any one of embodiments 61-63, wherein the exogenous DNA of (a) (1)-(v1) 18

provided 1n a plurality of host cells.

65. The method of any one of embodiments 61-64, wherein the exogenous DNA of (a) (1) and (11) 18

provided 1n one host cell and the exogenous DNA ot (a) (111)-(v1) 1s provided 1n a second host cell.

60. The method of any one of embodiments 61-65, wherein the exogenous DNA of (a)(1)-(11) 18 not

part of a host cell chromosome.

67. The method of any one of embodiments 61-66, wherein the exogenous DNA of (a)(1)-(11) 1s part

of the same nucleic acid, e.g., a circular DNA or a linear DNA.

68. The method of any one of embodiments 61-67, wherein the exogenous DNA of (a)(1)-(11) 1s a

genetic element according to any of the preceding embodiments.

09. The method of any one of embodiments 61-68, wherein one or more of the exogenous DNA of

(a)(111) 1s 1ntegrated mto a host cell chromosome.

70. The method of any one of embodiments 61-69, wherein one or more of the exogenous DNA ot

any of (a)(1v)-(v1), if present, 1s integrated into a host cell chromosome.

71. The method of any one of embodiments 61-70, wherein one or more of the exogenous DNA of

(a)(111) 1s part of a plasmid.

72. The method of any one of embodiments 61-71, wherein one or more of the exogenous DNA ot

any of (a)(1v)-(v1), if present, 1s part of a plasmid.
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73. The method of any one of embodiments 61-72, wherein the host cell 1s a mammalian cell (e.g., a

human cell, e.g., a HEK293 cell).

74. The method of any one of embodiments 61-73, wherein the host cell 1s an immortalized cell.

73. A method of making a therapeutic composition, comprising:
(a) providing a solution comprising:

(1) a genetic element comprising an AAYV origin of replication and a promoter operably
linked to a sequence encoding a therapeutic ettector (e.g., a therapeutoic RNA or polypeptide),
and

(11) a plurality of ORF1 molecules (e.g., a plurality of copies of the same ORF1
molecule);

(b) incubating the solution under conditions suitable tor formation of vectors (e.g., anellovectors,
e.g., viral particles) comprising a proteinaceous exterior (e.g., capsid) comprising a sutticient number of
the ORF1 molecules to enclose (e.g., encapsidate) the genetic element; and

(¢) optionally enriching, e.g., purifying the vectors produced 1n step (b) from the solution,

thereby making a therapeutic composition.

76. The method of embodiment 75, wherein the genetic element was made using ...
(111) optionally a sequence encoding an Anellovirus ORF1 molecule,
(1v) optionally a sequence encoding an Anellovirus ORF2 molecule,
(v) optionally a sequence encoding an AAV REP2 sequence
(v1) optionally a sequence encoding one or a plurality of helper proteins, e.g., an

Adenovirus helper protein, e.g., an E2A molecule, an Adenovirus E4 molecule, and/or an

Adenovirus VARNA molecule.

77. The method of any one of embodiments 61-76, wherein the vectors produced 1n step (b) are the

vectors of any of the preceding embodiments.

78. A host cell (e.g., a vertebrate cell, e.g., a mammalian cell, e.g., a human cell) comprising a genetic

element or genetic element construct of any of the preceding embodiments.
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79. The host cell of embodiment 78, which turther comprises an Anellovirus ORF1 molecule or a

nucleic acid encoding the Anellovirus ORF1 molecule.

30. The host cell of embodiments 78 or 79, which turther comprises one or more of (e.g., all of) an

Anellovirus ORF2 molecule, an AAV REP2 molecule, an Adenovirus E2A molecule, an Adenovirus E4

molecule, and an Adenovirus VARNA molecule.

31. The host cell of any of embodiments 78-80, which further comprises one or more nucleic acids
encoding one or more of (e.g., all of) an Anellovirus ORF2 molecule, an AAV REP2 molecule, an

Adenovirus E2A molecule, an Adenovirus E4 molecule, and an Adenovirus VARNA molecule.

32. A host cell comprising a vector of any of the preceding embodiments.

33. A method of making a host cell of any of embodiments 78-82, comprising introducing the genetic
element mmto a cell, e.g., wherein introducing the genetic element comprises introducing a genetic element

construct into the cell under conditions that allow for production of the genetic element.

84. The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the genetic element turther comprises a second AAYV origin of

replication, e.g., comprised 1n a second AAV mverted terminal repeat (ITR).

8. The genetic element, genetic element construct, system, cell, method, or vector of embodiment

34, wherein the second I'TR 1s oriented inversely to the first I'TR.

86. The genetic element, genetic element construct, system, cell, method, or vector of embodiment

84, wherein the second I'TR has the same orientation relative to the first ITR.

87 The genetic element, genetic element construct, system, cell, method, or vector of any ot

embodiments 84-86, wherein the second ITR has the same sequence as the first ITR.

8. The genetic element, genetic element construct, system, cell, method, or vector of any ot
embodiments 84-86, wherein the second I'TR has one or more sequence ditferences relative to the first

I'TR.
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89. The genetic element, genetic element construct, system, cell, method, or vector of any ot

embodiments 84-88, wherein the nucleic acid sequence encoding the exogenous eftector 1s situated

between the first ITR and the second I'TR.

90). The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the first AAV I'TR comprises the sequence of any of SEQ ID NOs:
1051-1059, or a sequence having at least 30%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,

or 99% sequence 1dentity thereto.

1. The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the genetic element 1s linear.

02. The genetic element, genetic element construct, system, cell, method, or vector of any ot the

preceding embodiments, wherein the genetic element 1s circular.

03. The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the genetic element construct 1s circular.

4. The genetic element, genetic element construct, system, cell, method, or vector of any ot the

preceding embodiments, wherein the genetic element construct 1s linear.

05. The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the genetic element has a length of about S00-1000, 1000-1500, 1500-
2000, 2000-2500, 2500-3000, 3000-3500, 3500-4000, 4000-4100, 4100-4200, 4200-4300, 4300-4400,
4400-4500, 4500-4600, 4600-4700, 4700-4800, 48300-4900, 4900-5000, 5000-5500, 5500-6000, or 6000-
7000 nucleotides.

06. The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the genetic element has a length of at least 500, 1000, 1500, 2000, 2500,
3000, 3500, 4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700, 4300, 4900, 5000, 5100, 5200, 5300, 5400,
3500, or 6000 nucleotides.

7. The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the genetic element comprises DNA.
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08. The genetic element, genetic element construct, system, cell, method, or vector of any ot the

preceding embodiments, wherein the genetic element consists of DNA.

00. The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the genetic element consists at least of 75%, 80%, 85%, 90%, 95%,
6%, 97%, 98%., 99%, or 100% DNA.

100.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the genetic element 1s single stranded DNA or double stranded DNA.

101.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the genetic element construct 1s single stranded DNA or double stranded

DNA.

102.  The genetic element of any of the preceding embodiments, which was produced using a
circularized double-stranded DNA, e.g., wherein the circularized DNA was produced by 1n vitro

circularization.

103.  The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the promoter element 1s endogenous to an Anellovirus.

104.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the promoter element 1s endogenous to an AAV.

105.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the promoter element 18 exogenous to an Anellovirus.

106.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the promoter element 1s exogenous to an AAV.

107.  The genetic element construct of any of the preceding embodiments, which comprises a backbone

region suitable tor replication of the genetic element construct, e.g., for replication in a bacterial cell.

26



10

15

20

25

30

WO 2022/170195 PCT/US2022/015499

108.  The genetic element construct of any of the preceding embodiments, wherein the backbone region

comprises one or both of an origin of replication and a selectable marker.

109.  The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the genetic element further comprises an Anellovirus 5° UTR, an

Anellovirus GC-rich region, and Anellovirus 3° UTR, or any combination thereof.

110.  The genetic element, genetic element construct, system, cell, method, or vector ot any of the

preceding embodiments, wherein the genetic element further comprises an Anellovirus 5° UTR of any ot

Tables Al, B1, B3, C1, E1, F1, F3, or FJ.

111.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the genetic element further comprises an Anellovirus GC-rich region ot

any of Tables Al, B1, B3, C1, E1, F1, F3, or IF5.

112.  The genetic element, genetic element construct, system, cell, method, or vector of any of the

preceding embodiments, wherein the genetic element further comprises an Anellovirus 3° UTR of any ot

Tables Al, B1, B3, C1, E1, F1, F3, or F5.

113.  The genetic element, genetic element construct, system, cell, method, or vector ot any of the
preceding embodiments, wherein the nucleic acid sequence encoding the exogenous ettector 1s about 20-
50, 50-100, 100-200, 200-300, 300-400, 400-500, 500-600, 600-700, 700-s00, 300-900, or 900-1,000

nucleotides 1n length.

114. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any of the preceding embodiments, wherein the eftector comprises a miRNA.

115. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot
any of the preceding embodiments, wherein the eftector, e.g., miRNA, targets a host gene, e.g., modulates

expression of the gene, e.g., increases or decreases expression of the gene.

116. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot
any of the preceding embodiments, wherein the ettector comprises a miRNA, and decreases expression of

a host gene.
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117. The genetic element, nucleic acid construct, CAVector, complex, method, or host cell ot any of the

preceding embodiments, wherein the effector comprises a nucleic acid sequence about 20-200, 30-180,

40-160, 50-140, or 60-120 nucleotides in length.

118. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any ot the preceding embodiments, wherein the nucleic acid sequence encoding the etfector 1s about 20-

200, 30-180, 40-160, 50-140, or 60-120 nucleotides in length.

119. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot
any of the preceding embodiments, wherein the sequence encoding the ettector has a size of at least about

100 nucleotides.

120. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot
any of the preceding embodiments, wherein the sequence encoding the ettector has a size ot about 100 to

about 5000 nucleotides.

121. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any of the preceding embodiments, wherein the sequence encoding the effector has a size ot about 100-
200, 200-300, 300-400, 400-500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000-1500, or 1500-
2000 nucleotides.

122. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any of the preceding embodiments, wherein the genetic element 1s DNA.

123. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any of the preceding embodiments, wherein the vector 18 replication-deficient.

124. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot
any ot the preceding embodiments, wherein:

(1) the genetic element 18 substantially free of Anellovirus sequence,

(1) the genetic element does not comprise more than 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100
consecutive nucleotides of more than 50%, 60%, 70%., 75%. 80%, 85%, 90%., 95%, 96%. 97%, 98%,

99%, or 100% 1dentity to any sequence of the same length of a wild-type Anellovirus genome, and/or

28



10

15

20

25

30

WO 2022/170195 PCT/US2022/015499

(111) the genetic element does not comprise an Anellovirus 5 UTR;

125. The genetic element, genetic element construct, vector, mixture, complex, method, or host cell ot

any of the preceding embodiments, wherein the vector 1s a viral particle.

126. A pharmaceutical composition comprising the vector of any of the preceding embodiments, and a

pharmaceutically acceptable carrier and/or excipient.

Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. All publications,
patent applications, patents, and other references mentioned herein are incorporated by reterence in their
entirety. In addition, the materials, methods, and examples are illustrative only and not intended to be

limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a Western blot demonstrating expression of N-terminally 3xFlag-tagged anellovirus
ORF1 proteins. Top, Alphatorquevirus Ringl ORF1 (91 kda). Middle, Betatorquevirus Ring2 ORF1 (79
kda). Bottom, Gammatorquevirus Ring4 ORF1 (82 kda).

FIG. 2 1s a series of diagrams demonstrating replication of I'TR-flanked payloads by Cap-free
AAV-Rep expression constructs. Depicted 1s a Southern blot probed for hrGFP and pHelper. Lanes 1-3
contain untransfected control DNAS, lanes 4-6 contain total DNA from cells transfected with different
Rep constructs. Arrows indicate band positions tor pHelper plasmid, pITR-hrGFP plasmid, and replicated
ITR-hrGEFP DNA.

FIGS. 3A-3B are a series of graphs showing purification of R2 anellovectors encompassing an
nLuc transgene from CsCl linear gradients. Vectors were quantified through qPCR against the nLuc
reporter gene. (A) Vectors were produced through trans-expression of both AnelloVirus ORF1, ORF2
proteins and particles containing the nlLuc transgenes. (B) Quantification of nLLuc transgenes when
Anellovirus ORF1 and ORF2 were not expressed 1n trans.

FIG. 4 1s a graph showing transduction of non-human primate cells with R2-nLLuc anellovectors.
Vero cells were seeded at 1ed cells per well in a 24 well plate. Transductions were performed via the

addition ot vector at a MOI of 0.4 (based on qPCR titre). 2 days later luciferase assays were pertormed.
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FIG. 5 1s a graph showing transduction of human cells with R2-nLuc anellovectors. IGR-OV1
cells were seeded at 1ed cells per well 1n a 24 well plate. Transductions were pertormed via the addition
of vector at a MOI of 0.4 (based on qPCR titre). 2 days later luciferase assays were pertormed.

FIG. 6 1s a series of diagrams showing generation of Anellovirus/AAYV vectors and successtul
transduction in MOLT4 cells. The top panel shows an exemplary worktlow for producing Anello/AAV
hybrid vectors varying an mKate payload in Exp1-293 cells and transduction of vectors into MOLT4 cells,
tollowed by tlow cytometry analysis for mKate tluorescence. The bottom lett panel shows a diagram ot
an Anello/AAYV hybrid vector comprising an ORF1 protein capsid enclosing a genetic element
comprising an mKate-encoding gene tlanked by inverse terminal repeats (ITRs). The bottom right panel
shows the results of flow cytometry analysis of MOLT4 cells transduced with vectors generated using the
indicated plasmids.

FIGS. 7A-7B 1s a series of diagram showing that engineered Ring2 Anellovirus DNA replicates
through AAV Rep protein. (A) Diagram showing Ring?2 dsDNA genome imcorporating a minimal region
required tor AAYV replication, including a Rep binding motit (RBM) and a terminal resolution site (TRS).
(B) Southern blots showing linear plasmid and Dpnl digestion products from DNA samples obtained
tfrom Exp1-293 cells transtected with indicated combinations of AAV-Rep plasmids and WT Ring?
genome or Ring2 + RBM/TRS DNA (as shown in FIG. 7A).

FIGS. 8A-8B are a series of graphs showing transduction of mammalian cell lines by
anellovectors encoding human growth hormone (hGH) as a payload. (A) IGR-OV1 cells were transtected
with an AAV Rep vector, a pHelper vector, and one of: (1) Ring2 capsid anellovector encoding hGH, (11)
Ring9 capsid anellovector encoding hGH, encoding hGH, (111) an AAV2 capsid viral vector encoding
hGH (positive control), or (1v) a no-capsid negative control. hGH levels were quantitied by ELISA at day
0, day 2, and day 3. (A) Vero cells were transtected with an AAV Rep vector, a pHelper vector, and one
of: (1) Ring2 capsid anellovector encoding hGH, (11) Ring9 capsid anellovector encoding hGH, encoding
hGH, (111) an AAV?2 capsid viral vector encoding hGH (positive control), or (1v) a no-capsid negative
control. hGH levels were quantified by ELISA at day 0O, day 2, and day 3.

FIG. 9 1s a graph showing nano-luciferase luminescence in cell lysates from 293F cells
transtected with Ring2-AAYV ITR-nLuc anellovectors produced either 1n the presence or absence ot AAV
Rep (+AAYV Rep or -AAYV Rep, respectively).

FIGS. 10A-10L are a series of diagrams showing schematics of exemplary genetic element
constructs that can be used to produced genetic elements for anellovectors as described herein. The
individual schematics correspond to the plasmids indicated in Table 61 below. Black = Ring2 genome
sequence (e.g., as described herein); Green = exogenous ettector sequence; Blue = AAYV origin of

replication.
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The tollowing detailed description ot the embodiments of the invention will be better understood
when read 1n conjunction with the appended drawings. For the purpose of illustrating the mnvention, there
are shown 1n the drawings embodiments that are presently exemplitied. It should be understood,
however, that the invention 18 not limited to the precise arrangement and instrumentalities of the
embodiments shown 1n the drawings. The patent or application file contains at least one drawing
executed 1 color. Copies of this patent or patent application publication with color drawing(s) will be

provided by the Otfice upon request and payment of the necessary fee.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The present invention will be described with respect to particular embodiments and with
reference to certain figures, but the mvention 1s not limited thereto but only by the claims. Terms as set
torth hereinafter are generally to be understood 1n their common sense unless indicated otherwise.

Where the term “comprising” 1s used in the present description and claims, it does not exclude
other elements. For the purposes of the present invention, the term “‘consisting of” 18 considered to be a
preterred embodiment of the term “comprising of”. If hereinatter a group 1s defined to comprise at least a
certain number of embodiments, this 1s to be understood to preterably also disclose a group which
consists only of these embodiments.

N - R Y
d

Where an indefinite or definite article 1s used when reterring to a singular noun, e.g. an’’ or
“the”, this includes a plural of that noun unless something else 1s specifically stated.

The wording “compound, composition, product, etc. for treating, modulating, etc.” 1s to be
understood to refer a compound, composition, product, etc. per se which 1s suitable tor the indicated
purposes of treating, modulating, etc. The wording “‘compound, composition, product, etc. for treating,
modulating, etc.” additionally discloses that, as an embodiment, such compound, composition, product,
etc. 1s for use 1n treating, modulating, etc.

The wording “compound, composition, product, etc. for use in ...”, “use of a compound,
composition, product, etc in the manutacture of a medicament, pharmaceutical composition, veterinary
composition, diagnostic composition, etc. for ...”7, or “compound, composition, product, etc. for use as a
medicament...” indicates that such compounds, compositions, products, etc. are to be used in therapeutic
methods which may be practiced on the human or animal body. They are considered as an equivalent

disclosure of embodiments and claims pertaining to methods of treatment, etc. If an embodiment or a

claim thus refers to ““a compound for use in treating a human or animal being suspected to sutfer from a
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disease”, this 1s considered to be also a disclosure of a “use of a compound 1n the manufacture of a
medicament for treating a human or animal being suspected to sufter from a disease™ or a “method ot
treatment by administering a compound to a human or animal being suspected to sutfer from a disease™.
The wording “compound, composition, product, etc. for treating, modulating, etc.” 1s to be understood to
refer a compound, composition, product, etc. per se which 1s suitable tor the indicated purposes of
treating, modulating, etc.

It hereinafter examples of a term, value, number, etc. are provided 1n parentheses, this 1s to be
understood as an mdication that the examples mentioned in the parentheses can constitute an
embodiment. For example, if 1t 18 stated that “in embodiments, the nucleic acid molecule comprises a
nucleic acid sequence having at least about 70%, 75%, 80%, 83%, 90%, 95%, 96%, 971%, 98%, 99%, or
100% sequence 1dentity to the Anellovirus ORF1-encoding nucleotide sequence of Table 1 (e.g.,
nucleotides 571 — 2613 ot the nucleic acid sequence of Table 1)”, then some embodiments relate to
nucleic acid molecules comprising a nucleic acid sequence having at least about 70%, 75%, 80%, 835%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 1dentity to nucleotides 571 — 2613 of the nucleic
acid sequence of Table 1.

The term “amplification,” as used herein, refers to replication of a nucleic acid molecule or a
portion thereot, to produce one or more additional copies ot the nucleic acid molecule or a portion thereot
(e.g., a genetic element or a genetic element region). In some embodiments, amplification results 1n
partial replication of a nucleic acid sequence. In some embodiments, amplification occurs via rolling
circle replication.

As used herein, the term “anellovector” refers to a vehicle comprising a genetic element, e.g., a
circular DNA, enclosed 1n a proteinaceous exterior, e€.g, the genetic element 1s substantially protected
trom digestion with DNAse I by a proteinaceous exterior. A ““synthetic anellovector,” as used herein,
generally refers to an anellovector that 1s not naturally occurring, e.g., has a sequence that 1s ditferent
relative to a wild-type virus (e.g., a wild-type Anellovirus as described herein). In some embodiments, the
synthetic anellovector 1s engineered or recombinant, €.g., comprises a genetic element that comprises a
ditterence or modification relative to a wild-type viral genome (e.g., a wild-type Anellovirus genome as
described herein). In some embodiments, enclosed within a proteinaceous exterior encompasses 100%
coverage by a proteinaceous exterior, as well as less than 100% coverage, e.g., 95%, 90%, 83%, 80%,
70%, 60%, 50% or less. For example, gaps or discontinuities (e.g., that render the proteinaceous exterior
permeable to water, 10ns, peptides, or small molecules) may be present in the proteinaceous exterior, so
long as the genetic element 1s retained 1n the proteinaceous exterior or protected from digestion with
DNAse I, e.g., prior to entry into a host cell. In some embodiments, the anellovector 1s purified, e.g., 1t 18

separated from its original source and/or substantially free (>50%, >60%, >70%, >80% ., >90%) of other
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components. In some embodiments, the anellovector 1s capable of introducing the genetic element into a
target cell (e.g., via mfection). In some embodiments, the anellovector 1s an infective synthetic
Anellovirus viral particle.

As used herein, the term “antibody molecule™ refers to a protein, e.g., an immunoglobulin chain
or fragment thereot, comprising at least one immunoglobulin variable domain sequence. The term
“antibody molecule” encompasses full-length antibodies and antibody tfragments (e.g., scEFvs). In some
embodiments, an antibody molecule 1s a multispecific antibody molecule, e.g., the antibody molecule
comprises a plurality of immunoglobulin variable domain sequences, wherein a first immunoglobulin
variable domain sequence of the plurality has binding speciticity for a first epitope and a second
immunoglobulin variable domain sequence ot the plurality has binding specificity for a second epitope.
In embodiments, the multispecitic antibody molecule 1s a bispecitic antibody molecule. A bispecific
antibody molecule 1s generally characterized by a first immunoglobulin variable domain sequence which
has binding specificity for a first epitope and a second immunoglobulin variable domain sequence that has
binding specificity tfor a second epitope.

As used herein, a nucleic acid “encoding” reters to a nucleic acid sequence encoding an amino
acid sequence or a polynucleotide, e.g., an mRNA or functional polynucleotide (e.g., a non-coding RNA,
e.g., an StIRNA or miRNA).

An “exogenous’ agent (e.g., an effector, a nucleic acid (e.g., RNA), a gene, payload, protein) as
used herein refers to an agent that 1s either not comprised by, or not encoded by, a corresponding wild-
type virus, e.g., an Anellovirus as described herein. In some embodiments, the exogenous agent does not
naturally exist, such as a protein or nucleic acid that has a sequence that is altered (e.g., by insertion,
deletion, or substitution) relative to a naturally occurring protein or nucleic acid. In some embodiments,
the exogenous agent does not naturally exist in the host cell. In some embodiments, the exogenous agent
exists naturally 1n the host cell but 1s exogenous to the virus. In some embodiments, the exogenous agent
exists naturally in the host cell, but 1s not present at a desired level or at a desired time.

A “‘heterologous™ agent or element (e.g., an effector, a nucleic acid sequence, an amino acid
sequence), as used herein with respect to another agent or element (e.g., an ettector, a nucleic acid
sequence, an amino acid sequence), refers to agents or elements that are not naturally found together, e.g.,
in a wild-type virus, e.g., an Anellovirus. In some e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>