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NOVEL RECOMBINASES AND TARGET SEQUENCES

RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application Serial No. 62/281,435, filed on January 21, 2016, the entire content of which is

herein incorporated by reference.

FIELD OF THE DISCLOSURE
Some aspects of this present disclosure relate to discovering novel large serine

recombinases and their respective recognition sits.

BACKGROUND

Programming mammalian cells with large synthetic gene networks is expected to play
a central role in helping elucidate complex regulatory cellular mechanisms (41, 42, 13, 43),
implementing new useful biological functions (44, 14, 45) and accelerating the design of
novel tailor-made therapeutic treatments (46, 47, 17). Complex, stable and heritable
programming of mammalian cells by genomic engineering is limited by the requirement to
pre-integrate a natural recombination site at single or multiple genomic (chromosomal) loci,
thus necessitating the identification of programmable orthogonal (independently acting)
recombinases that can be directly targeted sequentially or simultaneously to the endogenous

sequences of choice in the mammalian genome.

SUMMARY

Provided herein are newly identified large serine recombinases from recently
sequenced Mycobacteriophage genome and the characterization of their respective
recombination sites (attP and attB). A number of these new large serine recombinases had a
significantly different amino acid sequence than the well-characterized BxB1. In addition, the
nucleotide sequences preceding the recombinase coding sequences were also significantly
different compared to the sequence at the same location from BxB1, indicating that these
recombinases would use different attP and attB sites than BxB1. A dedicated plasmid rescue
system to was designed and used to discover the specific attB/attP recombination sites

recognized by these recombinases. New attP/attB site pairs for Mycobacteriophages were
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identified. These sites are used by four of the newly identified large serine recombinases,
Theia, Benedict, Veracruz and Rebeuca, to stably integrate their own genome into M.
smegmatis chromosome. The functioning of the four above-mentioned recombinases in
heterologous hosts E. coli and mammalian cells were validated. Libraries of orthogonal sites
for each of these recombinases were created, which could be used in parallel at the same
time, allowing multiplex integration of different genetic circuits into the host genome. These
recombinases also provides basis for engineering cell lines step by step, or developing new
DNA assembly methods.

Thus, in one aspect, methods for identifying a genomic insertion site of an integrated
plasmid are provided. The methods include obtaining genomic DNA from bacteria that
include an integrated plasmid, wherein the plasmid includes a promoter operably linked to a
nucleotide sequence encoding a large serine recombinase, an attP site recognized by the large
serine recombinase, a bacterial origin of replication, one recognition site for a DNA
restriction enzyme, and a promoter operably linked to a nucleotide sequence encoding a
selectable marker. The methods also include digesting the genomic DNA with the DNA
restriction enzyme to obtain fragments of the genomic DNA, ligating the fragments of the
genomic DNA to recircularize plasmid sequences, wherein the recircularized plasmid
includes the selectable marker, the bacterial origin of replication, and genomic DNA flanking
the genomic insertion site, transforming transformation-competent bacteria with the ligated
fragments, culturing the transformed bacteria on media that selects for growth of bacteria
transformed with the recircularized plasmid that includes the selectable marker, isolating the
recircularized plasmid, and determining the sequence of the recircularized plasmid to identify
the genomic insertion site.

In some embodiments, the DNA restriction enzyme is EcoRI. In some embodiments,
the step of ligating the fragments of the genomic DNA is performed under conditions that
favor intramolecular ligation. In some embodiments, the transformation-competent bacteria
are transformation-competent E. coli. In some embodiments, the genomic insertion site is a
chromosomal attB site. In some embodiments, the recognition site for the DNA restriction
enzyme is located between the nucleotide sequence encoding a large serine recombinase and
the attP site recognized by the large serine recombinase. In some embodiments, the methods

also include identifying the attB and attP sites at the genomic insertion site.
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According to another aspect, reporter plasmids for monitoring recombination events
between large serine recombinase recognition sites are provided. The reporter plasmids
include, in order, a predicted attB site sequence for a large serine recombinase, a gene
cassette expressing a detectable marker, a predicted attP site sequence for the large serine
recombinase, a gene cassette expressing the large serine recombinase, and a gene cassette
expressing a selectable marker, wherein each gene cassette includes a promoter operably
linked to a sequence encoding a polypeptide, followed by a terminator. In some
embodiments, the detectable marker is a lacZ nucleotide sequence.

Another aspect provides methods for testing for function of predicted large serine
recombinase recognition sites, including obtaining bacterial cells transformed with the
reporter plasmid, culturing the bacterial cells on media that permits detection of expression of
the detectable marker and to express the large serine recombinase, wherein if the predicted
recombinase recognition sites are correct, then recombination between attP and attB sites
results in excision of the gene cassette expressing the detectable marker, and wherein if the
predicted recombinase recognition sites are not correct, then the gene cassette expressing the
detectable marker is not excised. In some embodiments, detectable marker is a lacZ
nucleotide sequence and the media that permits detection includes 5-bromo-4-chloro-3-
indolyl-B-D-galactopyranoside (Xgal). In some embodiments, the bacteria are E. coli.

In another aspect, reporter systems are provided for testing intermolecular site-
specific recombination capacity of a large serine recombinase in mammalian cells. A reporter
system includes a first plasmid and a second plasmid. The first plasmid includes a gene
cassette that includes a constitutive promoter operably linked to a nucleotide sequence
encoding a first detectable marker, and an attB site of the large serine recombinase placed in
between the constitutive promoter and the first detectable marker coding sequence. The
second plasmid includes a promoter-less gene cassette that includes an attP site of the large
serine recombinase followed by a nucleotide sequence encoding a second detectable marker,
wherein the second detectable marker is not the same as the first detectable marker. In some
embodiments, the reporter system also includes a plasmid expressing the recombinase. In
some embodiments, the first detectable marker is a first detectable protein. In some
embodiments, the first detectable protein is a first fluorescent protein. In some embodiments,
the fluorescent protein is eGFP, eYFP, eCFP, mKate2, mCherry, mPlum, mGrape2,

mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, or mHoneydew. In some
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embodiments, the constitutive promoter is a Hefla promoter, a CMV promoter, or a SV40
promoter. In some embodiments, the second detectable marker is a second detectable protein.
In some embodiments, the second detectable protein is a second fluorescent protein. In some
embodiments, the second fluorescent protein is eGFP, eYFP, eCFP, mKate2, mCherry,
mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, or
mHoneydew.

Another aspect provides methods for testing intermolecular site-specific
recombination capacity of a large serine recombinase in mammalian cells. The methods
include co-transfecting the first plasmid and the second plasmid together with a plasmid
expressing the corresponding large serine recombinase, wherein intermolecular site - specific
recombination between the attB and the attP sites results in fusion of the first plasmid and the
second plasmid which results in the insertion of the coding sequence of the second detectable
marker in frame with the constitutive promoter.

In another aspect, libraries of orthogonal large serine recombinase recognition site
sequences, including pairs of attB site sequences and attP site sequences recognized by large
serine recombinases, are provided. The attB site sequences in the libraries include a central
dinucleotide sequence and at least 5 nucleotides upstream of the central dinucleotide
sequence and at least 5 nucleotides downstream of the central dinucleotide sequence. The attP
site sequences in the library include a central dinucleotide sequence, at least 5 nucleotides
upstream of the central dinucleotide sequence and at least 5 nucleotides downstream of the
central dinucleotide sequence. Each pair of attB site sequences and attP site sequences
includes one attB site sequence for use in a host genome and one attP site sequence for use in
an integrative vector. In the libraries disclosed herein, each pair of attP site sequences and
attB site sequences share the same central dinucleotide, and crosstalk between the attB site
sequences and the attP site sequences in the libraries is less than about 20%.

In some embodiments, the central dinucleotide is nonpalindromic. In some
embodiments, the central dinucleotide is AA, TT, GG, CC, AG, GA, AC, CA, TG, GT, TC,
or CT. In some embodiments, the sequences upstream and downstream of the central
dinucleotide of the attB site include additional recognition sequences for the large serine
recombinase. In some embodiments, the sequences upstream of the central dinucleotide of the
attB sites are 5-50 nucleotides in length. In some embodiments, the sequences downstream of

the central dinucleotide of the attB sites are 5-50 nucleotides in length. In some embodiments,
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the sequences upstream and downstream of the central dinucleotide of the attP site include
additional recognition sequences for the recombinase. In some embodiments the sequences
upstream of the central dinucleotide of the attP sites are 5-50 nucleotides in length. In some
embodiments, the sequences downstream of the central dinucleotide of the attP sites are 5-50
nucleotides in length.

In some embodiments, the large serine recombinase, whose attP and attB sites are
included in the libraries, is BxB1, Peaches, Veracruz, Rebeuca, Theia, Benedict, or PhiC31.
In some embodiments, a of attB site sequences and attP site sequences can be: SEQ ID NO:
79 and SEQ ID NO: 79, SEQ ID NO: 80 and SEQ ID NO: 80, SEQ ID NO: 81 and SEQ ID
NO: 81, SEQ ID NO: 82 and SEQ ID NO: 82, SEQ ID NO: 83 and SEQ ID NO: 83, SEQ ID
NO: 84 and SEQ ID NO: 84, SEQ ID NO: 85 and SEQ ID NO: 91, SEQ ID NO: 86 and SEQ
ID NO: 92, SEQ ID NO: 87 and SEQ ID NO: 93, SEQ ID NO: 88 and SEQ ID NO: 94, SEQ
ID NO: 89 and SEQ ID NO: 95, SEQ ID NO: 90 and SEQ ID NO: 96, SEQ ID NO: 97 and
SEQ ID NO: 103, SEQ ID NO: 98 and SEQ ID NO: 104, SEQ ID NO: 99 and SEQ ID NO:
105, SEQ ID NO: 100 and SEQ ID NO: 106, SEQ ID NO: 101 and SEQ ID NO: 107, SEQ
ID NO: 102 and SEQ ID NO: 108, SEQ ID NO: 109 and SEQ ID NO: 115, SEQ ID NO: 110
and SEQ ID NO: 116, SEQ ID NO: 111 and SEQ ID NO: 117, SEQ ID NO: 112 and SEQ ID
NO: 118, SEQ ID NO: 113 and SEQ ID NO: 119, SEQ ID NO: 114 and SEQ ID NO: 120,
SEQ ID NO: 121 and SEQ ID NO: 127, SEQ ID NO: 122 and SEQ ID NO: 128, SEQ ID
NO: 123 and SEQ ID NO: 129, SEQ ID NO: 124 and SEQ ID NO: 130, SEQ ID NO: 125
and SEQ ID NO: 131, SEQ ID NO: 126 and SEQ ID NO: 132, SEQ ID NO: 133 and SEQ ID
NO: 139, SEQ ID NO: 134 and SEQ ID NO: 140, SEQ ID NO: 135 and SEQ ID NO: 141,
SEQ ID NO: 136 and SEQ ID NO: 142, SEQ ID NO: 137 and SEQ ID NO: 143, SEQ ID
NO: 144 and SEQ ID NO: 150, SEQ ID NO: 145 and SEQ ID NO: 151, SEQ ID NO: 146
and SEQ ID NO: 152, SEQ ID NO: 147 and SEQ ID NO: 153, SEQ ID NO: 148 and SEQ ID
NO: 154, or SEQ ID NO: 149 and SEQ ID NO: 155.

Another aspect provides methods for site-specific recombination between specific
attB and attP sites of a large serine recombinase. The methods include providing a nucleic
acid molecule including an attB site from a pair of the attB and attP sites from the libraries,
providing a nucleic acid molecule including an attP site from the same pair of the attB and
attP sites from the library, and combining the nucleic acid molecules in the presence of the

large serine recombinase. In some embodiments, the nucleic acid molecule includes an attP
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site is a bacteriophage genome or a plasmid. In some embodiments, the nucleic acid molecule
includes an attB site is a bacterial genome or a mammalian genome.

In yet another aspect, cell lines comprising a plurality of landing pads integrated into
the genomic DNA of a parental cell line are provided. Each landing pad includes a
constitutive promoter operably linked to a nucleotide sequence encoding a detectable marker,
followed by a nucleotide sequence encoding a first selectable marker, and an attB site of a
large serine recombinase, wherein the attB site is between the promoter and the nucleotide
sequence encoding the detectable protein. The attB sites in the plurality of landing pads are
orthogonal to each other, and crosstalk between the attB site sequences is less than about
20%.

In some embodiments, the number of landing pads is 2, 3,4, 5, 6,7, 8,9, 10, 11, or
12. In some embodiments, each landing pad is integrated into the genomic DNA of the cell
line using a zinc-finger nuclease, TALEN or CRISPR-Cas system. In some embodiments, the
attB site is SEQ ID NOs: 79-84, 85-90, 97-102, 109-114, 121-126, 133-138, and 144-148, or
149. In some embodiments, the detectable marker is a fluorescent protein. In some
embodiments, the fluorescent protein is EYFP, eGFP, eYFP, eCFP, mKate2, mCherry,
mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, or
mHoneydew. In some embodiments, the first selectable marker hydrolyzes a first drug. In
some embodiments, first drug is puromycin, hygromycin, G418, neomycin, or bleomycin. In
some embodiments, the large serine recombinase that recognizes the attB sites in the landing
pads integrated into the cell lines is BxB1 (SEQ ID NO: 73), BxZ2 (SEQ ID NO: 77),
PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75), Veracruz (SEQ ID NO: 69), Rebeuca
(SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27), PattyP (SEQ ID NO:
47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley (SEQ ID NO: 71),
Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO: 29), Abrogate (SEQ
ID NO: 21), Doom (SEQ ID NO: 41), Conceptll (SEQ ID NO: 33), Anglerfish (SEQ ID NO:
25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45), or Severus (SEQ ID NO: 57).

According to another aspect, methods of integrating a plurality of genetic sequences
or circuits into a cell are provided. The methods include delivering into the cell line any one
of claims E1-ES8 a plurality of integrative vectors, each including an attP site, one or more
genetic sequences or gene cassettes that express components of the genetic circuit, and a

promoterless second selectable marker, wherein the cell expresses the large serine
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recombinase, and wherein each attP site is selected to allow site - specific recombination
between the attB site in one of the landing pads and the attP site in the integrative vector,
which results in the insertion of the coding sequence of the second selectable marker in frame
with the constitutive promoter in the landing pad, and screening for cells with the integration
of the genetic sequence or circuit in media including a drug to which the second selectable
marker confers resistance.

In some embodiments, the one or more gene cassettes that express components of the
genetic circuit include a promoter operably linked to a sequence encoding a polypeptide that
is part of the genetic circuit. In some embodiments the integrative vector is introduced into
the cell by CaPOj, transfection, lipid transfection, electroporation, or lentiviral vector
infection. In some embodiments wherein the drug in the media is puromycin, hygromycin,
G418, neomycin, or bleomycin.

In some embodiments, the large serine recombinase used to integrate the genetic
sequences or circuits into the landing pads is BxB1 (SEQ ID NO: 73), BxZ2 (SEQ ID NO:
77), PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75), Veracruz (SEQ ID NO: 69),
Rebeuca (SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27), PattyP
(SEQ ID NO: 47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley (SEQ ID
NO: 71), Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO: 29),
Abrogate (SEQ ID NO: 21), Doom (SEQ ID NO: 41), Conceptll (SEQ ID NO: 33),
Anglerfish (SEQ ID NO: 25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45), or
Severus (SEQ ID NO: 57).

Another aspect provides methods for site-specific recombination between specific
attB and attP sites of a large serine recombinase. The methods include providing a first
nucleic acid molecule comprising an attB site, providing a second nucleic acid molecule
comprising an attP site that selectively recombines with the attB site, and combining the
nucleic acid molecules in the presence of a large serine recombinase, which can be: Veracruz
(SEQ ID NO: 69), Rebeuca (SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID
NO: 27), PattyP (SEQ ID NO: 47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39),
Lockley (SEQ ID NO: 71), Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ
ID NO: 29), Abrogate (SEQ ID NO: 21), Doom (SEQ ID NO: 41), ConceptIl (SEQ ID NO:
33), Anglerfish (SEQ ID NO: 25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45),
Severus (SEQ ID NO: 57), Sarfire (SEQ ID NO: 53), Rey (SEQ ID NO: 51), Bongo (SEQ ID
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NO: 31), Airmid (SEQ ID NO: 23), Hinder (SEQ ID NO: 35), ICleared (SEQ ID NO: 37),
Sheen (SEQ ID NO: 59), or Mundrea (SEQ ID NO: 43).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows Lambda phage integration and excision. Integration of the circular
phage genome into the bacterial genome is mediated by the Lambda phage integrase Int,
which interacts with endogenous Integration Host Factor (IHT). Site-specific
recombination between the phage designated site (attP) and the bacterial designated site
(attB) results in the creation of attL and attR sites flanking the linearized phage genome
within the bacterial genome. The reverse reaction happens when Int and Xis are
expressed at the same time.

FIGs. 2A-2B show recombination events mediated by Cre recombinase. FIG. 2A:
When both loxP sites are in opposite orientation on the same DNA strand, the sequence
located between the sites is constantly inversed by the Cre recombinase. FIG. 2B: When
both loxP sites are in the same orientation, the Cre recombinase mediates the excision of
the insert. Because the reaction is non-directional, the circular excised insert can be re-
linearized, though the intermolecular reaction is less favored compared to intramolecular
recombination.

FIG. 3 shows an overview of the structural and functional variation in the serine
recombinases. This figure shows the catalytic domain and E-helix, with S* showing the
position of the serine nucleophile; the DNA-binding domain containing a recognizable
helix-turn-helix (H-T-H) motif, and conserved domains of unknown function found in
subsets of recombinases.

FIG. 4 shows sequences of PhiC31 and BxB1 attachment sites. For each
recombinase, the attB and attP attachment sites share a common central dinucleotide
sequence (in gray) that is used for the strand exchange reaction during site-specific
recombination. This central dinucleotide sequence ensures the directionality of the reaction.
Homologies between the sites are shown with dots between the sequences. This figure
depicts SEQ ID NOs: 1 through 8 from top to bottom, respectively.

FIG. 5 shows conserved motifs within the catalytic domain and dimerization helix
(aE) of large serine recombinases. Motifs A and C contain the critical active site residues of

the recombinase. Motif D, contained within the C-terminal portion of the E-helix plus a few
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residues beyond, is mostly involved with binding the DNA in the region abutting the
cleavage site. Motif B forms a rather mobile loop whose function remains unknown despite
the remarkable conservation of the Ser-39, Gly-40, and Arg-45 residues. This figure depicts
SEQ ID NOs: 156-159 from left to right, respectively.

FIG. 6 shows a phylogenic tree of identified large serine recombinase sequences,
including the 26 recombinases together with Peaches and BxZ2. The scale bar indicates a
difference of 2 amino acids.

FIG. 7 shows details of the integrative vector architecture. The vector is composed of
three main components: the recombinase, the gene cassette encoding the selective marker,
and a sequence carrying the attP sequence. The pBR322 ori has been chosen so that the
vector can replicate in E. coli but not in M. smegmatis.

FIG. 8 shows the integration of the integrative vector into M. smegmatis genome.
After transformation of the integrative vector in M. smegmatis, the putative serine
recombinase is expressed and mediates site-specific recombination between the attP site
located on the integrative vector and its counterpart, the attB site on the M. smegmatis
genome, resulting in the linearization of the integrative vector and its stable integration into
the genome of M. smegmatis, which then becomes resistant to Kanamycin.

FIG. 9 shows the representation of the primers used to check chromosomal
integration of the vector. Fwl and revl primer pair was used to confirm the presence of the
Kanamycin resistance gene. Fw2 and rev2 primer pair was used to confirm that integration
of the vector mediated by site-specific recombination occurred at an attP site within the
predicted attP region sequence carried by the vector.

FIG. 10 shows a summary of functional recombinases in M. smegmatis.

FIGs. 11A-11E show the plasmid-rescue workflow. FIG. 11A: The genome sequence
of M. smegmatis carries multiple cleavage sites for EcoRI (arrows), while the linearized
integrated vector carries a single EcoRI restriction site. FIG. 11B: Genomic DNA is
extracted from a resistant clone and digested with EcoRI, leading to fragments of linearized
DNA pieces, among which one contains both part of the M. smegmatis genome and part of
the integration vector with the origin of replication and the gene cassette encoding the
selective marker. FIG. 11C: Ligation of the fragments results in the re-circularization of the
linearized DNA sequences. FIG. 11D: Transformation of the re-circularized DNA into

competent E. coli cells and selection of the bacteria containing the re-circularized DNA
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containing the pBR322 origin of replication and the gene cassette encoding the selective
marker (from the integrative vector) and the attB site sequence (from E. coli genome DNA).
FIG. 11E: Sequencing of the ligated vector reveals the sequence of the recombination site.

FIG. 12 shows the localization of the attB sites for different large site-specific
recombinases from Mycobacteriophages.

FIG. 13 shows sequences of the attB and attP sites for Veracruz, Rebeuca, Benedict,
and Theia. Central dinucleotides are bolded in gray. Homologies between the attP sites are
shown with dots between the sequences. Inverted repeats are represented by gray arrows for
attB sites. This figure depicts SEQ ID NOs: 9 through 20 from top to bottom, respectively.

FIGs. 14A-14B show an intramolecular site-specific recombination reporter system.

FIGs. 15A-15B show an intermolecular site-specific recombination mammalian
reporter system. FIG. 15A: The reporter system is composed of 2 plasmids: 1 plasmid
harboring the attP site followed by the mKate2 coding sequence and 1 plasmid carrying
the Hefla promoter followed by the corresponding attB site and the EYFP coding
sequence. A third vector to constitutively express the recombinase was also created. FIG.
15B: After co-transfection of these 3 plasmids in mammalian cells, intermolecular site-
specific recombination between the plasmids carrying attB and attP site should result in
the constitutive expression of mKate2. Depending on the recombination efficiency, some
plasmids may still express EYFP a few hours after transfection.

FIGs. 16A-16B show fluorescent microscopy images of mammalian cells 36h after
transfection of the intermolecular site-specific recombination reporter system. FIG. 16A:
Co-transfection of both the reporter system and the vector expressing the recombinase leads
to efficient intermolecular recombination between the 2 plasmids of the reporter system as
depicted by expression of mKate2. FIG. 16B: Negative control of the same experiment: only
the 2 plasmids of the reporter system were transfected without the vector expressing the
recombinase.

FIG. 17 shows crosstalk of different large serine recombinases. Efficient site-specific
recombination between attB/attP pair is represented by light gray rectangles. On the opposite
side, rectangles in dark gray illustrate a non-functional recombinase for the corresponding
attB/attP site pair.

FIG. 18 shows a library of orthogonal recombination sites for 7 large serine-

recombinases.
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DETAILED DESCRIPTION

Provided herein are new large serine recombinases identified from recently sequenced
Mycobacteriophage genomes and recombinase recognition sites therefor, and a dedicated
plasmid rescue system to identify the specific attB/attP recombination sites recognized by
these recombinases. New attP/attB site pairs for Mycobacteriophages Theia, Benedict,
Veracruz, and Rebeuca were identified and used to stably integrate their own genome into the
M. smegmatis chromosome. The present disclosure further provides that, Benedict and Theia
recombinases use the same attB site within the 2-nitropropane dioxygenase CDS; and
Rebeuca and Veracruz use the same attB site within the TmrH RNA methyltransferase CDS.
While the attB site specificity for these two pairs of recombinases is extremely high, the attP
specificity is less stringent as Theia can use Benedict's attP site and vice-versa; and Rebeuca
can use Veracruz's attP site and vice-versa.

Also provided herein are procedures to identify new serine recombinases and discover
their attB/attP sites, which can also be used for newly sequenced isolated
mycobacteriophages in order to extend the toolbox of available recombinases. The present
discloses further provides methods for using the newly discovered large serine recombinases
and their recognition sites in heterologous hosts. Also provided herein is a library of
orthogonal sites that could be used in parallel at the same time and therefore broaden the
spectrum of applications. Programming mammalian cells with large synthetic gene networks
can significantly facilitate elucidating complex regulatory cellular mechanisms (41, 42, 13,
43), implementing new useful biological functions (44, 14, 45) and accelerating the design of
novel tailor-made therapeutic treatments (46, 47, 17). For example, transcriptional and post-
transcriptional regulatory networks may be integrated into a mammalian genome using the
methods disclosed herein, to explore how these networks fine tune mammalian gene
expression. In yet another example, trigger-controlled transcription factors, which
independently control gene expression, and RNA-binding proteins that inhibit the translation
of transcripts harboring specific RNA target motifs maybe included in a set of synthetic
transcription—translation control devices that could be rewired in a plug-and-play manner,
which can then be integrated into mammalian cells using the methods disclosed herein, and
allow the cells to execute input-triggered genetic instructions with precision, robustness and

computational logic reminiscent of electronic circuits. In some embodiments, an inducible
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positive or negative feedback loop maybe integrated into a mammalian cell using the
methods disclosed herein, allowing the monitoring and modeling of cellular behavior. In yet
another embodiment, therapeutic peptides, RNAs, proteins maybe integrated into cells using
the methods disclosed herein, allowing continuing and controlled expression of these
therapeutic agents.

Also provided herein, are methods for integrating complex genetic circuits into
mammalian chromosomes using landing pads comprising the recognition sites for large
serine recombinases, wherein the genetic circuits to be integrated comprise attP sites that are
orthogonal to the large serine recombinase.

While intramolecular site-specific recombination has proven useful for excision of
constructs integrated in mammalian genomes, intermolecular site-specific recombination can
be used to integrate complex circuits into mammalian chromosomes. The ability of multiplex
integration by using orthogonal sites could help to integrate a variety of different sequences,
including circuits containing more than one sequence each, at different locations within a
genome, which is helpful in preventing interference between circuits or attaining higher
levels of expression (with a lower coefficient of variation) by integrating the same construct
in multiple copies. The method of sequential integration allows engineering cell lines step by
step, integrating one circuit after the other so as to incrementally increase the complexity.
Such genomic modifications can also be performed in a simultaneous multiplex (“one shot”)
procedure, providing savings in time and facilitating inter-related or compensatory
modifications which must be synchronized in time.

Further provided herein is the use of multiple serine recombinases with orthogonal
sites to develop new DNA assembly methods. For instance, a system can be created based on
the Gateway assembly methodology, by flanking each part to be assembled with either an
attB on its 5' end and an attP on its 3' end. Having six orthogonal sites for one recombinase
would allow assembling five parts per reaction, i.e. enough for many mammalian
transcription units. The assembled vectors could carry sites from another recombinase, and
following the same principle, could be used to assemble five transcription units together.
Such strategy could be used to assemble even larger constructs with more orthogonal
recombinases. As site-specific recombination with serine recombinases is extremely efficient,

fast and reliable, such an assembly method would be extremely convenient.
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The present disclosure also provides reliable methods for gene transfer via
recombinase-mediated cassette exchange (RMCE), wherein predictable expression patterns
are achieved by the non-disruptive insertion of a gene cassette at a pre-characterized genomic
insertion site. In some embodiments, the genomic insertion site is marked by a recognition
sequence, e.g., the attB site of a large serine recombinase disclosed herein, at the flanks of a
selection marker. Providing an integrative vector comprising a gene cassette encoding the
gene of interest and the attP site of the corresponding large serine recombinase, can cleanly

replace the resident cassette under the influence of a site-specific recombinase.

Recombinases

A “recombinase,” as used herein, is a site-specific enzyme that recognizes short DNA
sequence(s), which sequence(s) are typically between about 30 base pairs (bp) and 40 bp, and
that mediates the recombination between these recombinase recognition sequences, which
results in the excision, inversion, or exchange of DNA fragments between the recombinase
recognition sequences. Recombinases can be classified into two distinct families: serine
recombinases (e.g., resolvases and invertases) and tyrosine recombinases (e.g., integrases),
based on the conserved nucleophilic amino acid residue that they use to attack the DNA and
which becomes covalently linked to it during strand exchange.

Large serine recombinases are the most efficient, directional, and specific
recombinases for DNA integration in mammalian cells. Examples of large serine
recombinases provided herein or useful in the products and methods disclosed herein include,
but are not limited to, KSSJEB, PattyP, Doom, Scowl, Lockley, Switzer, Bob3, Trouble,
Abrogate, Anglerfish, Sarfire, SkiPole, Conceptll, Museum, Severus, Rey, Bongo, Airmid,
Benedict, Theia, Hinder, ICleared, Sheen, Mundrea, Veracruz, and Rebeuca, from the
recently sequenced Mycobacteriophage, and the previously characterized Bxb1, Peaches,
PhiC31, and BxZ2. These large serine recombinases can be used individually, or in
combination, such as to integrate complex genetic circuits into a host genome.

In some aspects, a large serine recombinase is required for site-specific
recombination, wherein DNA strand exchange takes place between segments possessing attB
and attP sites, and wherein the recombinase rearranges DNA segments by recognizing and
binding to the attB and attP sites, at which they cleave the DNA backbone, exchange the two
DNA helices involved and rejoin the DNA strands.
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The recombinases that may be used include, without limitation, BxB1 (SEQ ID NO:
73), BxZ2 (SEQ ID NO: 77), PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75),
Veracruz (SEQ ID NO: 69), Rebeuca (SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict
(SEQ ID NO: 27), PattyP (SEQ ID NO: 47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID
NO: 39), Lockley (SEQ ID NO: 71), Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63),
Bob3 (SEQ ID NO: 29), Abrogate (SEQ ID NO: 21), Doom (SEQ ID NO: 41), ConceptIl
(SEQ ID NO: 33), Anglerfish (SEQ ID NO: 25), SkiPole (SEQ ID NO: 61), Museum (SEQ
ID NO: 45), and Severus (SEQ ID NO: 57).

Recombinase Recognition Sites

Recombination sites are typically between 30 and 200 nucleotides in length and
consist of two motifs with a partial inverted-repeat symmetry, which flank a central crossover
sequence at which the recombination takes place (see FIG. 13, arrows above the nucleic acid
sequence of attB sites). Recombinases bind to these inverted-repeated sequences, which are
specific to each recombinase, and are herein referred to as “recombinase recognition
sequences,” “recombinase recognition sites,” “attP sites,” “attB sites’” or “genomic insertion
sites”. Pairs of attB and attP sites share a certain degree of identity, such as at least 80%. In
some embodiments, pairs of attB and attP sites share an identify of at least 81%, 82%, 83%,
84%, 85%, 86%, 81%, 88%., 89%, 90%, 91%, 92%, 93%., 94%, 95%., 96%, 91%., 98%, 99%.
or even 100%. In some embodiments, an attB site is present in the genomic DNA sequence
and an attP site is present in the DNA sequence integrated into the genomic DNA sequence.
In some embodiments, an attB site is in the genomic DNA of bacteria and an attP site is in the
DNA sequence of the respective bacteriophage.

During recombination, crossover occurs at the central dinucleotide of the attB/attP
sites. The sequence of the central dinucleotide is the sole determinant of the directionality of
the recombination. For the recombination to be directional, the central dinucleotide needs to
be nonpalindomic. For example, the central dinucleotide sequence found in the attB/attP sites
for large serine recombinases, which are strictly directional, can be AA, TT, GG, CC, AG,
GA, AC, CA, TG, GT, TC, or CT.

The outcome of recombination depends, in part, on the location and orientation of two
short repeated DNA sequences that are to be recombined, typically less than 30 bp long. For

example, inversion recombination happens between two short, inverted, repeated DNA
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sequences. A DNA loop formation, assisted by DNA bending 5 proteins, brings the two
repeat sequences together, at which point DNA cleavage and ligation occur. This reaction is
ATP independent and requires supercoiled DNA. The end result of such an inversion
recombination event is that the stretch of DNA between the repeated site inverts (i.e., the
stretch of DNA reverses orientation) such that what was the coding strand is now the non-
coding strand and vice versa. In such reactions, the DNA is conserved with no net gain or no
loss of DNA. Conversely, integration (excision) recombination occurs between two short,
repeated DNA sequences that are oriented in the same direction. In this case, the intervening

DNA is excised/removed.

Methods for identifying recognition sites

The present disclosure provides, in some aspects, methods for characterizing the
recombination sites of large serine recombinases. In some embodiments, the method
comprises using a nucleic acid construct designated an “integrative plasmid.” The
“integrative plasmid”, as defined herein, comprises a promoter operably linked to a
nucleotide sequence encoding a large serine recombinase, an attP site recognized by the large
serine recombinase, a bacterial origin of replication, one single recognition site for a DNA
restriction enzyme, and a promoter operably linked to a nucleotide sequence encoding a
selectable marker. The integrative plasmid is transformed into a cell in which the large serine
recombinase is expressed, such as a M. smegmatis cell, and the integrative plasmid is inserted
(i.e., integrated) into the cell’s genomic DNA at the genomic insertion site.

The methods provided herein further include digesting the genomic DNA containing
the integrated plasmid with a DNA restriction enzyme. In some embodiments of the present
disclosure, the recognition and cleavage site of the DNA restriction enzyme is only present at
one single location in the integrated plasmid, e.g., between the nucleotide sequence encoding
a large serine recombinase and the attP site recognized by the large serine recombinase.
Recognition and cleavage sites are usually present throughout cell genomes. In some
embodiments, digesting the genomic DNA containing the integrated plasmid results in DNA
fragments, among which one species of fragments contains the sequences of the integrated
plasmid and a segment of the genomic sequence where the recombinase recognition site can
be found. Once obtained from restriction digestion of the genomic DNA, the DNA fragments

are recircularized, delivered into bacteria, and bacteria are selected that can grow on selective
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media based on the presence of the selectable marker. In some embodiments, the way of
delivering the recircularized DNA into bacteria is by transforming transformation-competent
bacteria. Only bacteria that are transformed with the recircularized plasmid containing
sequences from the integrated plasmid, which contains the bacteria origin of replication and
the selectable marker, can grow on the selective media. Then the recircularized plasmid is
isolated from the bacteria and the sequence of the recircularized plasmid is determined to
identify the genomic insertion site of the integrated plasmid.

Using this method, recognition sites in the M. smegmatis genome for the exemplary
large serine recombinases were identified, which are provided herein. Fifteen of the
exemplary large serine recombinases integrated into the same genomic attB site as BxB1 (in
the groEL coding sequence), two integrated in the TmrH RNA methyltransferase coding
sequence (Rebeuca and Veracruz) and two others integrated into the 2-nitropropane
dioxygenase coding sequence (FIG. 12). The recognition sequences at the attP and attB sites
are disclosed herein. For the recombinases that integrated into the groEL coding sequence,
the attP and attB sites are totally homologous to the one recognized by BxB1 recombinase.
However, for Rebeuca and Veracruz, even though integration happens in the same attB site,
the attP site recognized by Rebeuca is slightly different from the attP site recognized by
Veracruz. Similarly, for Theia and Benedict, even though integration happens in the same
attB site, the attP site recognized by Theia is slightly different from the attP site recognized
by Benedict (FIG. 13).

The recombinases provided herein are not meant to be exclusive examples of

recombinases that can be used in certain embodiments.

Testing the site-specific recombinase activity

The ability of a large serine recombinase to function with its predicted recombination
sites in a heterologous host allows the possibility to use these recombinases to engineer the
genetic composition of an organism. For example, such recombination events may be used in
human cells to allow the precise integration and excision of DNA at a predetermined
chromosomal locus, thus facilitating the analysis of gene regulation in a particular
chromosomal, physiological, or disease related context. Examples of testing the functionality

of the new large serine recombinases and its respective recognition sites include, without
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limitation, reporter plasmids or reporter systems that monitor the recombinase activities in

heterologous hosts.

Reporter plasmid

Provided herein are reporter plasmids for monitoring recombination events between
large serine recombinase recognition sites comprising, in order, a predicted attB sequence for
a large serine recombinase, a gene cassette expressing a detectable marker, a predicted attP
site sequence for the large serine recombinase, a gene cassette expressing the large serine
recombinase, and a gene cassette expressing a selectable marker, wherein each gene cassette
comprises a promoter operably linked to a sequence encoding a polypeptide, followed by a
terminator (FIG. 14). The reporter plasmid, when delivered into an appropriate, e.g., E. coli,
results in the expression of the large serine recombinase. When the attB and attP sites
provided on the reporter plasmid are correct sites for the particular large serine recombinase,
intramolecular recombination of the reporter plasmid between the attP and attB sites is
triggered, leading to the excision of the gene cassette expressing the detectable marker. In
one example, LacZ is the detectable marker, and the loss of LacZ gene can be monitored by
plating the E. coli on media including 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside
(Xgal) and checking for white colonies. Other detectable markets are described elsewhere
herein.

In some embodiments, a plasmid having similar features as the reporter plasmid
disclosed herein may also be used for exerting precise control over the expression of a gene
of interest. For example, a gene of interest can replace the LacZ gene cassette in the reporter
plasmid. Without limitation, such gene of interest may be a gene encoding a protein or
variants whereof, a gene of a non-coding RNA such as a siRNA, or a ribosomal RNA or
variants whereof. Wherein such gene of interest encodes a protein, the protein may be, for
example, a detectable marker, a selectable marker, a therapeutic protein, a regulatory protein,
or an enzyme.

In yet another embodiment, the excision of the gene of interest can be timed by
manipulating the promoter under which the expression of the large serine recombinase is
controlled. For example, the gene of the large serine recombinase can be put under the

control of an inducible promoter. At a desired time, the expression of the large serine
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recombinase is induced and only then will intramolecular recombination occur, excising the
gene of interest.

In some aspects, the reporter plasmid provided herein can be modified to have attP
and attB site sequences of different lengths. Recombination will only occur when the lengths
of the attP and attB sites are sufficiently long for the large serine recombination, thus
identifying the minimal sequence required for attP and attB sites for the large serine
recombinase to function. For example, the lengths of the attP and attB sites can be: 5, 6, 7, 8,.
9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78,79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, or more base pairs.

Reporter system
The present disclosure also provides a reporter system for testing intermolecular site-
specific recombination capacity of a large serine recombinase in mammalian cells. The
reporter system, defined herein, comprises a first plasmid, a second plasmid, and a plasmid
express the recombinase.

In some embodiments, the first plasmid comprises a gene cassette that comprises a
constitutive promoter operably linked to a nucleotide sequence encoding a first detectable
marker, and an attB site of the large serine recombinase placed in between the constitutive
promoter and the detectable maker coding sequence. The second plasmid comprises a
promoter-less gene cassette that comprises an attP site of the large serine recombinase
followed by a nucleotide sequence encoding a second detectable marker, wherein the second
detectable marker is not the same as the first detectable marker. In some embodiments, the
first detectable marker is a first detectable protein. The first detectable protein can be, for
example, a fluorescent protein chosen from the group consisting of: eGFP, eYFP, eCFP,
mKate2, mCherry, mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine,
mBanana, and mHoneydew. The constitutive promoter in the first plasmid may be, for
example, a Hefla promoter, a CMV promoter, or a SV40 promoter. The second detectable
protein can be a second detectable protein. For example, the second detectable marker can be
a second fluorescent protein chosen from the group consisting of: eGFP, eYFP, eCFP,

mKate2, mCherry, mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine,
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mBanana, and mHoneydew. In some embodiments, the first detectable maker and/or the
second detectable marker is an RNA molecule, or an enzyme such as beta-galactosidase
(encoded by LacZ), horseradish peroxidase, or luciferase.

Also provided herein, is the use of the of the reporter system to test intermolecular
site-specific recombination capacity of a large serine recombinase, wherein the first plasmid,
the second plasmid, and the plasmid expressing the corresponding large serine recombinase
are co-transfected into mammalian cells. The constitutive or induced expression of the
recombination leads to the intermolecular recombination of the first plasmid and the second
plasmid, further leading to the insertion of the second detectable marker after the constitute
promoter in the first plasmid (and the first detectable marker is promoter-less) (FIG. 15). In
some embodiments, the recombinase is under the control of a constitutive promoter. In some
embodiments, the recombinase is under the control of a inducible promoter to provide control
of when the recombination occurs. Similar to the reporter plasmid described above, the
reporter system disclosed herein can also be used to control the expression of one or more
exogenous proteins in the host cell, such as when the recombinase is placed under an
inducible promoter. In some embodiments, the large serine recombinases whose activity is
tested in mammalian cells using the reporter system is Veracruz, Rebeuca, Benedict or Theia.
In other embodiments, the large serine recombinase used is any large serine recombinase
disclosed herein. In other embodiments, the large serine recombinase is Bxb1, Peaches,
PhiC31, or BxZ2.

Host organisms in which the recombinase activity can be tested using the reporter
systems provided herein or in which gene expression can be manipulated using the
recombinases and recombinase recognition sites encompass prokaryotes and eukaryotes,
unicellular organisms and multi-cellular organisms. A prokaryote, as defined herein, a single-
celled organism that lacks a membrane-bound nucleus , mitochondria, or any other
membrane-bound organelle. A eukaryote is any organism whose cells contain a nucleus and
other organelles enclosed within membranes, which may be a unicellular organism or a
multicellular organism. Examples of a prokaryote that may be used include but are not
limited to all bacteria species and their variants, e.g., Yersinia spp., Escherichia spp.,
Klebsiella spp., Bordetella spp., Neisseria spp., Aeromonas spp., 10 Franciesella spp.,
Corynebacterium spp., Citrobacter spp., Chlamydia spp., Hemophilus spp., Brucella spp.,

Mycobacterium spp., Legionella spp., Rhodococcus spp., Pseudomonas spp., Helicobacter
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spp., Salmonella spp., Vibrio spp., Bacillus spp., Erysipelothrix spp., Salmonella spp.,
Stremtomyces spp. In some embodiments, the bacterial cells are Staphylococcus aureus,
Bacillus subtilis, Clostridium butyricum, Brevibacterium 15 lactofermentum, Streptococcus
agalactiae, Lactococcus lactis, Leuconostoc lactis, Streptomyces, Actinobacillus
actinobycetemcomitans, Bacteroides, cyanobacteria, Escherichia coli, Helobacter pylori,
Selnomonas ruminatium, Shigella sonnei, Zymomonas mobilis, Mycoplasma mycoides,
Treponema denticola, Bacillus thuringiensis, Staphlococcus lugdunensis, Leuconostoc oenos,
Corynebacterium xerosis, Lactobacillus planta rum, 20 Streptococcus faecalis, Bacillus
coagulans, Bacillus ceretus, Bacillus popillae, Synechocystis strain PCC6803, Bacillus
liquefaciens, Pyrococcus abyssi, Selenomonas nominantium, Lactobacillus hilgardii,
Streptococcus ferus, Lactobacillus pentosus, Bacteroides fragilis, Staphylococcus
epidermidis, Zymomonas mobilis, Streptomyces phaechromogenes, Streptomyces ghanaenis,
or Halobacterium strain GRB. Examples of eukaryotic cells that maybe used include but are
not limited to mammalian cells, insect cells, yeast cells (e.g., Saccharomyces cerevisiae) and
plant cells. In some embodiments, a eukaryotic cell is a vertebrate cell. Examples of
vertebrate cells include, without limitation, reproductive cells including sperm, ova and
embryonic cells, and non-reproductive cells, including kidney, lung, spleen, lymphoid,
cardiac, gastric, intestinal, pancreatic, muscle, bone, neural, brain and epithelial cells. Stem
cells, including embryonic stem cells, can also be used. In some embodiments, a non-cellular

system or an in vitro system may be used.

Libraries of orthogonal large serine recombinase recognition sites

Also provided herein are libraries of orthogonal attB and attP sequences (SEQ ID
NOs: 79-155) A recombinase recognition site is “orthogonal” when it does not significantly
recognize the recognition site or nucleotide sequence of a recombinase. Thus, one attB site
of a recombinase can be orthogonal to an attB site of a different recombinase. In addition,
one pair of attB and attP sites of a recombinase can be orthogonal to another pair of attB and
attP sites recognized by the same recombinase. A pair of recombinases are considered
orthogonal to each other, as defined herein, when the recognition of each other’s attB or attP
site sequences. The lack of recognition of recombinase recognitions sites or pairs of sites by

the same recombinase or a different recombinase (also referred to herein as “crosstalk’) is
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less than about 20%. The crosstalk can be less than 19%, 18%, 17%, 16%, 15%, 14%, 13%,
12%, 11%, 10%, 9%, 8%, 1%, 6%, 5%, 4%, 3%, 2%, or 1%, or even 0%.

In some embodiments, the attB and/or attP site sequences in the library comprise a
central dinucleotide sequence and at least 5 nucleotides upstream and downstream of the
central dinucleotide. For example, the sequence upstream of the central dinucleotide in the
attP and/attB site sequences can be 5-50 nucleotides. In some embodiments, the sequence
upstream of the central dinucleotide in the attP and/attB site sequences are at least 10
nucleotides, 15 nucleotides, 20 nucleotides, 25 nucleotides, 30 nucleotides, 35 nucleotides, 40
nucleotides, or 45 nucleotides. In some embodiments, the sequence upstream of the central
dinucleotide in the attP and/attB site sequences are 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, or 50 nucleotides. Likewise, the sequence downstream of the
central dinucleotide in the attP and/or attB site sequences can be 5-50 nucleotides. In some
embodiments, the sequence downstream of the central dinucleotide in the attP and/attB site
sequences are at least 10 nucleotides, 15 nucleotides, 20 nucleotides, 25 nucleotides, 30
nucleotides, 35 nucleotides, 40 nucleotides, or 45 nucleotides. In some embodiments, the
sequence downstream of the central dinucleotide in the attP and/attB site sequences are 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleotides. In some
embodiments, the sequence upstream and downstream of the attB sites provide additional
recognition sequence for the corresponding large serine recombinase. . In some embodiments,
the sequence upstream and downstream of the attP sites provide additional recognition
sequence for the corresponding large serine recombinase. In some embodiments, the attB and
attP sites in the library are selected from SEQ ID NOs: 79-155.

A “pair of an attB site sequence and an attP site sequence,” and like terms, refers to
attB and attP site sequences that share the same central dinucleotide. In some embodiments,
the central dinucleotide is nonpalindromic. In some embodiments, the central dinucleotide is
selected from the group consisting of: AA, TT, GG, CC, AG, GA, AC, CA, TG, GT, TC, and
CT. In some embodiments, a pair of an attB site sequence and an attP site sequence are used
in a recombination event, wherein the attB site sequence is used in a host genome and the attP
site sequence for use in an integrative vector. In some embodiments, in a pair of an attB site

sequence and an attP site sequence, the sequences upstream and downstream of the central
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dinucleotide in the attB site share 100% homology with that of the attP site. In some
embodiments, in a pair of an attB site sequence and an attP site sequence, the sequences
upstream and downstream of the central dinucleotide in the attB site vary from that of the attP
site, e.g., 9%, 98%, 97%, 96%, 95%, 94%., 93%, 92%., 91%, 91%, 89%., 88%, 87%. 86%,
85%, 84%, 83%, 82%, 81%, or 80% identical in sequence.

An integrative vector, as defined herein, is a nucleotide sequence that is exogenous to
a host DNA sequence and is to be inserted into the host DNA sequence via site-directed
recombination, wherein the integrative vector comprises an attP site recognized by the
respective large serine recombinase and any additional sequence features it comprises. The
integrative vector maybe, without limitation, a bacteriophage DNA, a plasmid, a linear DNA
fragment, or a synthetic nucleic acid sequence. A host genome that contains the attB site
recognized by the respective large serine recombinase, without limitation, maybe a bacteria
genome, an insect cell genome, a mammalian cell genome, or a human cell genome.

In some embodiments, the attP and attB site sequences are recognized by a large
serine recombinase, such as BxB1, Peaches, Veracruz, Rebeuca, Theia, Benedict, or PhiC31.

Further provided herein, is a method for site-specific recombination between specific
attB and attP sites of a large serine recombinase, wherein a pair of an attB site sequence and
an attP site sequence are used in two different nucleic acid molecules, and wherein the two
nucleic acid molecules are combined in the presence of a large serine recombinase. In some
embodiments, the large serine recombinase is BxB1, Peaches, Veracruz, Rebeuca, Theia,
Benedict, or PhiC31. In some embodiments, the attB and attP sites in the library are selected
from SEQ ID NOs: 79-155. In some embodiments, the nucleic acid including the attP site is,
without limitation, a bacteriophage genome or a plasmid. In some embodiments, the nucleic
acid including the attB site is, without limitation, a bacterial genome or a mammalian

genome.

Use of the libraries of orthogonal attB and attP sites

The libraries of orthogonal attB and attP sites described herein have a variety of uses.
For example, a cell line comprising a plurality of landing pads integrated into the genomic
DNA of a parental cell line can be constructed. The parental cell line may be a wild type cell
line, or a cell line with existing genomic modification. In the latter, the cell line would be

“parental” to the cell line generated from further modification of its genomic DNA. A
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“landing pad,” is an exogenous DNA sequence integrated into a location of the host genome
that includes an attB site of a large serine recombinase. In some instances, the exogenous
DNA sequence includes an attB site of a large serine recombinase, a constitutive promoter
operably linked to a nucleotide sequence encoding a detectable marker, followed by a
nucleotide sequence encoding a first selectable market. In certain types of landing pads, the
attB site is between the promoter and the nucleotide sequence encoding the detectable
protein. When there are more than one landing pads used in a given cell, it is preferred that an
attB site of one landing pad is orthogonal to an attB site of the same large serine recombinase
in any other landing pad. The landing pad is used for further genetic engineering and
integration of a nucleic acid molecule of interest via site-specific recombination. The landing
pad can be integrated into the parental genome using any method known in the art, such as by
using a zinc finger nuclease, TALEN, or the CRISPR-Cas9 system. In some embodiments,
the number of landing pads integrated into a cell line is 2, 3, 4,5, 6,7, 8,9, 10, 11, or 12. In
some embodiments, the attB site in the landing pad is selected from SEQ ID NOs: 79-84, 85-
90, 97-102, 109-114, 121-126, 133-138, and 144-149. In some embodiments, the detectable
marker in the landing pad is a fluorescent protein, such as, eGFP, eYFP, eCFP, mKate2,
mCherry, mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana,
and mHoneydew, luciferase, or LacZ. In some embodiments, a selectable marker hydrolyzes
a drug, such as, puromycin, hygromycin, G418, neomycin, or bleomycin.

Further provided herein, is a method of integrating a genetic circuit, or multiple
genetic circuits, into a cell comprising a plurality of landing pads. In some embodiments, one
genetic circuit is integrated into the cell line. In some embodiments, 2, 3, 4,5,6,7,8, 9,
10,11, 12 or more circuits may be integrated into the cell line, provided that the number of the
landing pads in the cell line is sufficient to accommodate the number of genetic circuits that
are to be integrated into the cell line. In some instances, it may be preferred that the number
of landing pads is at least the number of genetic sequences or circuits to be integrated. In
other instances, a single landing pad can include multiple circuits under the control of
different promoters. A genetic circuit, as used herein, is a rationally designed artificial gene
regulatory networks with robust function, comprising primary genetic elements, i.e., building
blocks. The primary genetic elements maybe, without limitation, insulators, promoters,
ribosome binding sites, transcriptional activators and repressors, gene coding sequences,

5’UTRs, 3’UTRs, polyA signals, and terminators. Independent modules of a genetic circuit
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can be built using the primary genetic elements. Methods of building these genetic circuits
are known to those of skill in the art. A library of these independent modules are available for
bacterial systems, e.g., switches, time-delayed circuits, cascades, pulse generators, logic
gates, spatial patterning and memory devices (33-40). In some aspects, a plurality of landing
pads may be integrated into different locations of the genome, allowing modification at
multiple loci of the genome via site-specific recombination.

To integrate a genetic sequence or circuit into a cell, one can obtain a cell line with
pre-integrated landing pads, deliver into the cells of the cell line an integrative vector
comprising an attP site, the genetic sequence or circuit or interest, and an promoter-less
second selectable marker. In some embodiments, the attP site used in the integrative vector is
selected from SEQ ID NOs: 79-84, 91-96, 103-108, 115-120, 127-132 and 150-155. In some
embodiments, the cell also expresses a large serine recombinase that recognizes the attB site
sequences in the landing pads and the attP site sequences in the integrative vector. The site-
specific recombination mediated by the large serine recombinase between the landing pad
and the integrative vector results in the insertion of the coding sequence of the second
selectable maker in frame with the constitutive promoter in the landing pad, thereby allowing
expression of the second selectable marker. Cells with the integrative vector incorporated into
the genomic DNA may be selected using media including a drug to which the second
selectable marker confers resistance. Examples of the drug to which the second selectable
marker confers resistance include puromycin, hygromycin, G418, neomycin, or bleomycin.
In some embodiments, the large serine recombinase maybe BxB1 (SEQ ID NO: 73), BxZ2
(SEQ ID NO: 77), PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75), Veracruz (SEQ ID
NO: 69), Rebeuca (SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27),
PattyP (SEQ ID NO: 47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley
(SEQ ID NO: 71), Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO:
29), Abrogate (SEQ ID NO: 21), Doom (SEQ ID NO: 41), ConceptIl (SEQ ID NO: 33),
Anglerfish (SEQ ID NO: 25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45), or
Severus (SEQ ID NO: 57).

Gene cassette

A gene cassette, as defined herein, is a nucleic acid sequence that comprises genetic

elements necessary for the expression of a gene. In some embodiments, a gene cassette
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comprises a promoter, wherein the promoter is operably linked to the nucleic acid encoding a
protein, and a terminator. In come embodiments, a gene cassette comprises a nucleic acid

encoding a protein and a terminator.

Promoter

A “promoter” refers to a control region of a nucleic acid at which initiation and rate of
transcription of the remainder of a nucleic acid sequence are controlled. A promoter drives
transcription of the nucleic acid sequence that it regulates, thus, it is typically located at or
near the transcriptional start site of a gene. A promoter may have, for example, a length of
100 to 1000 nucleotides.

In some embodiments, a promoter is operably linked to a nucleic acid, or a sequence
of a nucleic acid (nucleotide sequence). A promoter is considered to be “operably linked” to a
sequence of nucleic acid that it regulates when the promoter is in a correct functional location
and orientation relative to the sequence such that the promoter regulates (e.g., to control
(“drive”) transcriptional initiation and/or expression of) that sequence.

The promoters that can be used include constitutive promoters or inducible promoters.
In some embodiments, a promoter is a “constitutive” promoter. A constitutive promoter refers
to an unregulated promoter that allows for continual transcription of its associated gene. In
some embodiments of the present disclosure, a gene is “promoter-less”. A promoter-less gene
is not transcribed and does not express.

In some embodiments of the present disclosure, a gene is placed under an “inducible
promoter”. An “inducible promoter ~” may be conditioned to endogenous factors or to
environmental conditions and external stimuli that can be artificially controlled. Within this
group, there are promoters modulated by abiotic factors such as light, oxygen levels, heat,
cold and wounding. Since some of these factors are difficult to control outside an
experimental setting, promoters that respond to chemical compounds, not found naturally in
the organism of interest, are of particular interest. Along those lines, promoters that respond
to antibiotics, copper, alcohol, steroids, and herbicides, among other compounds, have been
adapted and refined to allow the induction of gene activity at will and independently of other
biotic or abiotic factors. The promoters that can be used include, without limitation, the

promoters disclosed in (30) , the entire contents of which hereby incorporated by reference,
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and the promoters disclosed in (31); the entire contents of which also incorporated by
reference.

In some embodiments, the promoters used herein may be, without limitation, a Hefla
promoter, a CMV promoter, an SV40 promoter, a luxI promoter, an Hsp70 promoter, a

UREX promoter, a LacZ promoter, or a T7 promoter.

Terminator

Provided herein are terminator sequences for use in some embodiments. A
“terminator” or “terminator sequence,” as used herein, is a nucleic acid sequence that causes
transcription to stop. A terminator may be unidirectional or bidirectional. It is comprised of a
DNA sequence involved in specific termination of an RNA transcript by an RNA
polymerase. A terminator sequence prevents transcriptional activation of downstream nucleic
acid sequences by upstream promoters. The most commonly used type of terminator is a
forward terminator. When placed downstream of a nucleic acid sequence that is usually
transcribed, a forward transcriptional terminator will cause transcription to abort. In
prokaryotic systems, terminators usually fall into two categories (1) rtho-independent
terminators and (2) rho-dependent terminators. Rho-independent terminators are generally
composed of palindromic sequence that forms a stem loop rich in G-C base pairs followed by
several T bases. Without wishing to be bound by theory, the conventional model of
transcriptional termination is that the stem loop causes RNA polymerase to pause, and
transcription of the poly-A tail causes the RNA:DNA duplex to unwind and dissociate from
RNA polymerase. In eukaryotic systems, the terminator region may comprise specific DNA
sequences that permit site-specific cleavage of the new transcript so as to expose a
polyadenylation site. This signals a specialized endogenous polymerase to add a stretch of
about 200 A residues (polyA) to the 3' end of the transcript. RNA molecules modified with
this polyA tail appear to more stable and are translated more efficiently. Thus, in some
embodiments involving eukaryotes, a terminator may comprise a signal for the cleavage of
the RNA. In some embodiments, the terminator signal promotes polyadenylation of the
message. The terminator and/or polyadenylation site elements may serve to enhance output
nucleic acid levels and/or to minimize read through between nucleic acids. Terminators
include any terminator of transcription described herein or known to one of ordinary skill in

the art.
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Examples of terminators include, without limitation, the termination sequences of
genes such as, for example, the bovine growth hormone terminator, and viral termination
sequences such as, for example, the SV40 terminator, spy, yejM, secG-leuU, thrLABC, rrnB
T1, hisLGDCBHAFI, metZWV, rrnC, xapR, aspA and arcA terminator. In some
embodiments, the termination signal may be a sequence that cannot be transcribed or

translated, such as those resulting from a sequence truncation.

Selectable marker

As used herein, a selectable marker is a gene introduced into a cell, especially a
bacterium or to cells in culture, that confers a trait suitable for artificial selection. In some
embodiments, a selectable marker is a gene that confers resistance to bacteria against an
antibiotic, including but not limited to, ampicillin, amphotericin B, carbenicillin,
chloramphenicol, erythromycin, kanamycin, gentamycin, neomycin, nystarin, rifampicin,
streptomycin, or tetracycline. In some embodiments, a selectable marker is a gene that
confers resistance to a drug to eukaryotic cells, including but not limited to puromycin,

hygromycin, G418, neomycin, or bleomycin.

Detectable marker

As used herein, a reporter refers to a protein that can be used to measure gene
expression and generally produce a measurable signal such as fluorescence, luminescence or
color. The presence of a reporter in a cell or organism is readily observed. For example,
fluorescent proteins (e.g., GFP) cause a cell to fluoresce when excited with light of a
particular wavelength, luciferases or horseradish peroxidase cause a cell to catalyze a reaction
that produces light, and enzymes such as galactosidase convert a substrate to a colored
product. Reporters include any reporter described herein or known to one of ordinary skill in
the art. In some embodiments, the detectable marker is a fluorescent protein, including,
without limitation, eGFP, eYFP, eCFP, mKate2, mCherry, mPlum, mGrape2, mRaspberry,

mGrapel, mStrawberry, mTangerine, mBanana, or mHoneydew.
Insulator

An insulator, as defined herein, is a control element which insulates the transcription

of genes placed within its range of action. In its natural position, the chromatin insulator
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element presumably buffers the genes and the regulatory machinery of one domain from the
cis-acting influence(s) of the chromatin structure and the regulatory machinery of an adjacent
domain. An insulator can be a “pure” insulator from higher eukaryotes, which on its own,
does not perturb gene expression, either positively or negatively, and which serves to insulate
the expression of a given gene. An insulator can be incorporated into a genetic circuit of the
present disclosure to prevent or reduce epigenetic chromatin silencing, and/or to significantly
reduce promoter interference between the integrated transgene’s promoter and the
surrounding endogenous promoters from the integration locus. The insulator of the present
disclosure can be cis-acting or trans-acting. In some embodiments, the insulator is a nucleic
acid sequence. In some embodiments, the insulator can be the cHS4 sequence (48). In some
embodiments of the present disclosure, the presence of insulators in a procedure for
integrating multiple genetic circuits into the cell line containing a plurality of landing pads
can providing savings in time and facilitate inter-related or compensatory modifications

which must be synchronized in time.

Plasmid

A plasmid is a small DNA molecule within a cell that is physically separated from a
chromosomal DNA and can replicate independently. They are most commonly found in
bacteria as small, circular, double-stranded DNA molecules; however, plasmids are

sometimes present in archaea and eukaryotic organisms.

Bacterial origin of replication

A bacterial origin of replication herein refers to a bacterial plasmid origin of
replication. It is a particular sequence in a genome at which replication is initiated. The
specific structure of the origin of replication varies somewhat from species to species, but all
share some common characteristics such as high AT content (repeats of adenine and thymine
are easier to separate because their base stacking interactions are not as strong as those of
guanine and cytosine. The origin of replication binds the pre-replication complex, a protein
complex that recognizes, unwinds, and begins to copy DNA. The bacteria origin of
replication that may be used in the present disclosure include, without limitation, pBR322

and pUC.
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Ligation

Ligation refers to the joining of two nucleic acid fragments through the action of an
enzyme, most commonly done using DNA ligase, such as T4 DNA ligase. The ends of DNA
fragments are joined together by the formation of phosphodiester bonds between the 3'-
hydroxyl of one DNA terminus with the 5'-phosphoryl of another. A co-factor is generally
involved in the reaction, and this is usually ATP or NAD+. Factors that affect an enzyme-
mediated chemical reaction would naturally affect a ligation reaction, such as the
concentration of enzyme and the reactants, as well as the temperature of reaction and the
length of time of incubation. Ligation is complicated by the fact that the desired ligation
products for most ligation reactions should be between two different DNA molecules and the
reaction involves both inter- and intra-molecular reactions, and that an additional annealing
step is necessary for efficient ligation.

In some embodiments of the present disclosure, ligation is carried out under
conditions that favor intra-molecular ligation, wherein the two ends of one linear DNA
molecule joins to form a circularized molecule. The conditions that favor intramolecular
ligation comprises, without limitation, using low concentration of linear DNAs and/or
carrying out the ligation reaction in the absence of cations or polyamines, and in 6.0% to 10%

PEG 6,000 solutions (32).

Restriction enzyme and restriction sites

A restriction enzyme or restriction endonuclease is an enzyme that cuts DNA at or
near specific recognition nucleotide sequences known as restriction sites. Restriction
enzymes are commonly classified into three types, which differ in their structure and whether
they cut their DNA substrate at their recognition site, or if the recognition and cleavage sites
are separate from one another. To cut DNA, all restriction enzymes make two incisions, once
through each sugar-phosphate backbone (i.e. each strand) of the DNA double helix.

These enzymes are found in bacteria and archaea and provide a defense mechanism
against invading viruses. Inside a prokaryote, the restriction enzymes selectively cut up
foreign DNA in a process called restriction; meanwhile, host DNA is protected by a
modification enzyme (a methyltransferase) that modifies the prokaryotic DNA and blocks

cleavage. Together, these two processes form the restriction modification system.
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The restriction enzymes that may be used include, without limitation, Aatll, Mfel,
Acc65], Accl, Mscl, Acll, MspAll, Aatll , Mfel, Acc651, Mlul, Accl, Mscl, Acll, MspAl,
Afel, Nael, AflII, Narl, Agel, Ncol, Apal, Ndel, ApaLl, NgoMIV, Apol, Nhel, Ascl, Notl,
Asel, Nrul, AsiSI, Nsil, Avrll, Nspl, BamHI, Pacl, Bcll, Pcil, Bglll, Pmel, Bme15801, PmlI,
Bmtl, Psil, BsaHI, PspOMI, BsiEI Pstl, BsiWI, Pvul, BspEI, Pvull, BspHI, Sacl, BsrGI,
Sacll, BssHII Sall, BstBI, Sbfl, BstZ171, Scal, Btgl, Sfcl, Clal, Sfol, Dral, SgrAl, Eael,
Smal, Eagl, Smll, EcoRI, SnaBI, EcoRV, Spel, Fsel, Sphl, Fspl, Sspl, Haell, Stul, HinclI,
Swal, HindIII, Xbal, Hpal, Xhol, Kasl, Xmal, and Kpnl.

EXAMPLES

Example 1: Expanding the site-specific recombinase toolbox for mammalian synthetic

biology

Site-specific recombination systems mediate recombination reactions between two
specific DNA sequences termed recombination sites. While most site-specific recombination
systems occur in bacteria and their viruses, many of the characterized site-specific
recombinases function in heterologous systems, which can be extremely useful to manipulate
or engineer their genome via integration, excision or inversion events as demonstrated in
many other studies (1-7). To streamline the engineering of mammalian cells, one would
benefit from having a programmable recombinase that could be directly targeted to the
endogenous sequence of choice in the mammalian genome. This would eliminate the
requirement to pre-integrate a natural recombination site. To be useful, the integration
reaction would still have to be highly specific and efficient.

Based on amino acid sequence homology, site-specific recombinases fall into one of
two mechanistically distinct families: the tyrosine and the serine recombinases(8, 9). The
names come from the conserved nucleophilic amino acid residue that they use to attack the
DNA, which becomes covalently linked to it during strand exchange.

The better characterized members of the tyrosine recombinase family are the
integrases from coliphage I and from prophage lambda (10, 11) which are used either to
integrate or excise the phage genome from their bacterial host. The integrase recognize a
specific attachment on the phage genome, attP, and its counterpart on the bacterial genome,
attB, between which it catalyzes a single DNA crossover (Table 1; SEQ ID NOs: 79-155).

The circular phage genome is therefore linearized upon integration and the hybrid attachment
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sites formed that flank it are called attL and attR (FIG. 1). The integration reaction also
requires an accessory protein, the Integration Host Factor (IHF), which is specific to bacteria
and helps folding the DNA molecule in the appropriate way for recombination to happen
(12). When and only when an additional protein (Xis) is expressed together with Int and IHF,
the excision reaction is triggered.

This system ensures that the integration events are directional and therefore not
reversible in the absence of the Xis protein.

A major drawback of these systems that limits their use for mammalian genome
engineering is the required intervention of the IHF for recombination to occur. IHF is indeed
not naturally expressed in mammalian cells and even though scientists have engineered a
mammalian version of IHF, the efficiency of both intra- and intermolecular reactions
remained extremely low in mammalian cells (13, 1).

The tyrosine recombinase family also includes many members such as Cre (8), Flp
(14,10) and Dre (15, 13) that catalyze non-directional and therefore reversible site-specific
recombination reactions between two identical sites of approximately 35bp in length in the
absence of accessory proteins. These recombination systems, in particular the widely used
Cre-loxP and Flp-frt, demonstrated highly efficient deletion of DNA located between two
directly repeated substrates inserted into the genomes of many higher eukaryotes (16, 17). As
the recombination sites are regenerated after Cre-loxP or FLP-frt recombination, efficient and
stable integration of DNA is greatly compromised by the tendency of the integrated DNA to
immediately excise, therefore favoring the deletion reaction (FIGs. 2A and 2B). To overcome
the reversibility of these systems, some recombination with a few base pair mutation sites
have been created that prevent results in hybrid recombination sites after the integration
events, not recognized anymore by the recombinase (15, 14). Although these tricks improved
the integration efficiency of DNA in the genomes of heterologous hosts, it stayed
significantly lower than what has been achieved with serine recombinases.

The serine recombinase family is composed of multiple structural groups represented
by the resolvase/invertases, the large serine recombinases (Table 1; SEQ ID NOs: 21-78) and
the transposases (FIG. 3) (18). They all mediate site-specific recombination reactions with
strictly controlled directionality, in the absence of an accessory protein (Xis or recombination
directionality factor, RDF), and are therefore of great interest for mammalian genome

engineering (19, 15, 18).
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In their native contexts, serine resolvases and invertases selectively recombine target
sites within the same DNA molecule. Although directional, they are poorly suited for
accurate genomic recombination because the recognition motifs of their DNA binding
domain (DBD) are short (4-6 bp) and degenerate. Recent studies have demonstrated that the
DBD of a serine resolvase can be replaced with a zinc finger protein of higher affinity and
specificity (20, 15). This substitution retargets recombination to sequences flanked by zinc
finger binding sites (ZFBS). However, these zinc finger-recombinases (RecZFs) retain a
second, complementary specificity. The serine catalytic domain indeed imposes its own
sequence requirements on the interior of the RecZF target site (20-bp core). Functional
RecZF recombination sites must then contain sequences compatible with both the zinc finger
DNA-binding protein and recombinase catalytic domain. Even though such hybrid
recombinases can offer broader targeting capabilities, their low efficacy for DNA integration
is still a bottleneck.

To date, the most efficient, directional and specific recombinases are the large serine
recombinases, widely used for DNA integration in mammalian cells (19). The integrases
from the Streptomyces temperate phage PhiC31 (21, 20) or from the Mycobacteriophage
BxB1(22, 21) were shown to mediate unidirectional and highly specific recombination
between relatively small recombination substrates, attP and attB (< 50 bp). The domains that
compose large serine recombinases are, however, not as modular as with the resolvases. It
remains unclear how to retarget these recombinases towards new recombination site
sequences. To date, a very limited number of highly efficient large serine recombinases have
been characterized. As they have been discovered in phage genomes, it is very probable that
they are yet many others to discover given the large diversity of phages that exist on the
planet.

The identification and characterization of new large serine recombinases would not
only help better understand the relation between their structure and their function and
therefore give more insight on how to reprogram them, but it would also expand the current
toolbox scientists have at their disposal for the engineering of heterologous hosts genomes
and for the manipulation of synthetic genetic circuits.

Described here is the discovery of new large serine recombinases from recently
sequenced Mycobacteriophages (FIG. 4) and the characterization of their respective

attachment sites. After having identified putative large serine recombinase from genome
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sequences, their function in their natural host, Mycobacterium smegmatis, was validated and
a plasmid rescue strategy was used to infer their respective attachment sites, which was then
validated in E. coli. It was then demonstrated that these systems could be used in mammalian

cells and libraries of orthogonal site-pairs for each of these recombinases were then created.

Example 2: Identification of large serine recombinases

Among the few large serine recombinases already identified, 3 of them have been
discovered from Mycobacteriophage genomes: BxB1 (23, 21), Peaches and BxZ2 (24, 22,
25). BxB1 recombinase has been demonstrated to be the most efficient to integrate DNA into
the genome of mammalian cells (19).

Peaches and BxZ2 have yet never been tested in eukaryotic cells. To extend the
limited toolbox of large serine recombinases available for the manipulation of mammalian
genomes, putative recombinase sequences among the very recently sequenced 400 new
Mycobacteriophages genomes, were analyzed (26, 23).

An algorithm was created to scan through all putative protein sequences from these
genomes and extract the ones that contain conserved motifs typical of large serine
recombinases. Compared to other serine recombinases, many features and motifs are specific
to large serine recombinases (FIG. 3). Not only all known large serine recombinases are
constituted of more than 400 amino acids, but they also carry very specific conserved
residues in their catalytic and dimerization domains (FIG. 5).

Taking into account these specificities, the algorithm identified that 26 genomes
carried a large serine recombinase (out of the 400 genomes). The 374 other genomes carried a
tyrosine recombinase. By comparing the amino-acid sequences of the 26 identified serine
recombinases to the ones of BxB1, Peaches and BxZ2, two new clusters emerged,
significantly distant from the Peaches and BxZ2 cluster and the BxB1 cluster (FIG. 6). While
none of the 26 recombinases was grouped with Peaches and BxZ2, one third of them shared a
high degree of homology with the well-characterized BxB1 recombinase: KSSJEB, PattyP,
Doom, Scowl, Lockley, Switzer, Bob3, Trouble, Abrogate, Anglerfish, Sarfire, SkiPole,
Conceptll, Museum and Severus. The first new cluster contains both Rey and Bongo
recombinases; and the second one contains Airmid, Benedict, Theia, Hinder, ICleared, Sheen,

Mundrea, Veracruz and Rebeuca recombinases.
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Different amino acid sequences likely result in different tertiary protein structure and

therefore different DNA recognition and binding activities.

Example 3: Creation of integrative vectors for Mycobacterium species

When a mycobacteriophage infects M. smegmatis, its recombinase is expressed to
mediate the integration of the phage genome into the M. smegmatis via site-specific
recombination between the phage attachment site (attP) and the bacterial chromosomal
attachment site (attB). Therefore, in order to validate the integration capacity of the 26
putative recombinases identified with the algorithm, a synthetic vector was created
mimicking the mycobacteriophage genome and designed in a way such that integration
events could be easily monitored (FIG. 7).

This vector carried three essential components: an attP site, a gene cassette to
constitutively express the recombinase and a selection marker to enable selection of
integrants. While it is almost impossible to predict the exact sequence of the attP site, it is
however possible to predict its approximate location on the phage genome. When looking
into phage biology, it appears that the attP site is most often located close to the start codon
of the recombinase coding sequence. This evolutionary strategy allows the recombinase
expression to be under the control of bacterial promoter once the phage has integrated into its
host genome. Because the physical DNA of the 26 mycobacteriophages identified for the
presence of a large serine recombinase was not available, the DNA region that was
potentially carrying the attP site was synthesized (from 750bp before to 50bp after the start
codon of the putative recombinase).

For the recombinase cassette, the Golden Gate assembly method was used to
assemble the strong Hsp70 constitutive promoter together with a codon-optimized coding
sequence of the recombinase followed by an efficient transcription terminator. Again, the
coding sequence of the recombinase was synthesized given that the physical DNA of the
corresponding phage was not available. The coding sequence was codon-optimized for an
efficient expression in mammalian cells since the end goal was to test these recombinases in
mammalian cells.

To be able to screen for integration events of the synthetic vector into the
chromosome of M. smegmatis, a selection marker was added constitutively expressed both in

E. coli and M. smegmatis.
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Finally, the origin of replication pBR322 was used to allow for efficient replication of
the plasmid in E. coli for cloning purpose. However, pBR322 cannot be replicated in M.
smegmatis.

Due to this specificity, transformation of M. smegmatis with the integrative vector
would result in resistant cells only if the expressed recombinase would mediate site-specific
recombination between the plasmidic attP and the chromosomal endogenous attB (FIG. 8).
This would indeed lead to the stable integration of the vector and therefore to the stable
expression of the resistance marker. If the vector cannot self-integrate into M. smegmatis
genome (either because the recombinase is not functional or because the attP sequence is not
present on the vector), then the non-replicative vector would be diluted among the population

of cell.

Example 4: Transformation of M. smegmatis with the integrative vectors

Each of the 27 integrative vectors (26 new recombinases + BxB1 as a positive
control) was transformed in wild type M. smegmatis and plated the transformed bacteria on a
selective media. Out of the 27 integrative vectors tested, 23 led to the growth of resistant
clones, which were then picked 4 days after transformation and expanded for further testing.

To confirm the stable integration of the vector into the chromosome of the resistant
clones, their chromosomal DNA was extracted and a PCR was performed with primers
flanking the resistance cassette (FIG. 9). The PCRs were positive for each of the 3 clones
picked for the 23 functional recombinases.

To verify that stable integration into the chromosome was the result of the plasmid
linearization via site-specific recombination from a sequence carried by the putative attP
region on the plasmid, this attP region with primers flanking the sequence carried by the
original integration vector was amplified. While the amplification worked on all 23
integration vectors, it did not work when using the extracted chromosomal DNA as a
template.

These first results were encouraging as they meant that both the identified
recombinases were functional and that the attP sequences were indeed located in the phage

genome region predicted, somewhere close to the start codon of these recombinases.
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Example 5: Identification of the integration site in M. smegmatis genome

The plasmid rescue method was used to discover the exact location of the insertion
site of the integrative vector in the M. smegmatis genome (FIG. 11). This method allowed for
the identification of the genomic sequences flanking the integrative vectors insertion site.

First, the extracted genomic DNA was digested from the resistant clones with EcoRI
restriction enzyme. This restriction digest reaction would normally result in 1199 independent
fragments. However, only one EcoRI site was intentionally inserted in the integrative vector
sequence, in between the putative attP region and the recombinase cassette. Restriction digest
of the genomic DNA from the resistant clones would therefore result in 1200 independent
fragments.

All the fragments were ligated together and E. coli were transformed with the reaction
mix and plated on selective media. While the majority of the ligation products would not be
able to replicate in E. coli, this method allows the ligated fragment that contains both the
resistance gene cassette and the origin of replication from the integrative vector to replicate in
E. coli, conferring the resistance to Kanamycin in the bacteria. Because the integrative vector
contained a single EcoRI restriction site, the recircularized product also contains some
chromosomal sequences from M. smegmatis flanking the insertion site.

Therefore, the resistant clones that grew on selective media were expanded,
miniprepped and the extracted vectors sequenced. The sequencing results unveiled the
sequence flanking the insertion site and allowed for the inference of the sequence of the attB
site.

Out of the 23 putative recombinases tested, 15 of them integrated into the same
genomic attB site as BxB1 (groEL CDS), two integrated in the TmrH RNA methyltransferase
CDS (Rebeuca and Veracruz) and two others integrated in the 2-nitropropane dioxygenase
CDS (FIG. 12). No information concerning the importance of these genes in the growth
regulation or metabolism of M. smegmatis was found. However, the resistant clones that were
expanded to prepare the plasmid-rescue workflow grew at a normal rate and with a normal
phenotype.

Based on the sequencing results, the point of strand exchange of the site-specific
recombination reaction was deduced and then the approximate attB and attP sites sequences

were predicted.
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For the recombinases that integrated into the groEL CDS, the attP and attB sites were
total homologs to the one recognized by BxB1 recombinase.

Although integration happens in the same attB site for Rebeuca and Veracruz, the attP
site recognized by Rebeuca is slightly different from the attP site recognized by Veracruz
(FIG. 13). This case is actually similar for Theia and Benedict recombinases and such

differences had already been observed with the BxZ2/Peaches pair (22).

Example 6: Validation of functional attB/attP recombination sites

To verify that the predicted attP and attB sites were correct and could be recombined
by their putative large serine recombinase in a heterologous host, a reporter system to
monitor recombination events between the predicted att sites in E. coli was created (FIG. 14).
The reporter system consists of a plasmid carrying 1) the predicted attB sequence followed by
2) alacZ gene cassette followed by 3) the predicted attP sequence, 4) a gene cassette
expressing the recombinase and 5) a gene cassette expressing a resistance marker. After
transformation in E. coli cells, the expressed recombinase would mediate the excision of the
LacZ cassette after the recognition and site-specific recombination between the predicted attP
and attB sites. Efficient recombination between attP and attB sites would result in the
development of white colonies (LacZ negative) in an Xgal screen. If the sites were not
correct, recombination could not allow for the excision of the lacZ cassette and the colonies
would be blue (LacZ positive).

The vectors in E. coli were transformed, plated on selective media and incubated the
plates overnight. Given that pPBR322 is a relatively low copy plasmid, excision of the lacZ
gene from all the copies within a cell should be achieved relatively rapidly. Blue or white
colonies were screened for the next morning and for all 4 recombinase, more than 99% of the
obtained resistant clones were LacZ negative, validating the exactitude of the attP and attB
sites.

To further validate that the non-expression of LacZ was due to the excision of the
LacZ cassette and not a consequence of instability of the construct, the plasmids miniprepped
from white clones were sequenced. The results were positive as the sequencing showed the
presence of the expected deletion and the attL site created by site-specific recombination

between attB and attP site.
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In some embodiments the exact minimal sequence required for the att sites to enable
site-specific recombination is performed. In some embodiments, a library of att sites is
synthesized with different lengths and the experiment described above is then repeated. In
some embodiments, when the att site tested is be too short, resistant clones should all express

the LacZ gene even after an extended period of time.

Example 7: Assessment of intermolecular recombination

Because both the activity of these recombinases for intramolecular site-specific
recombination in E. coli and the correct sequences of their attB and attP sites were confirmed,
further testing was performed to confirm whether they could also be used for the
manipulation of DNA sequences in mammalian cells. Therefore, a reporter system was
created based on two separate plasmids to test their intermolecular site-specific
recombination capacity in mammalian cells (FIG. 15). The first plasmid carried a gene
cassette allowing the constitutive expression of EYFP. The attB site was placed in between
the Hefla constitutive promoter and the EYFP coding sequence. The second plasmid carried
a promoter-less gene cassette composed of the attP site followed by the mKate2 coding
sequence. When co-transfecting these two plasmids together with a plasmid expressing the
corresponding recombinase, intermolecular site-specific recombination between the attB and
the attP sites would result in the fusion of the two plasmids and therefore in the insertion of
the promoterless mKate2 coding sequence in frame with the Hefla promoter. This
recombination event would therefore trigger the constitutive expression of mKate2 and
interrupt the expression of EYFP as it becomes promoterless.

These two plasmids were con-transfected together with a third plasmid to express the
recombinase and assessed the intermolecular recombination events based on the fluorescence
output. If the recombinase mediates site-specification recombination between the separated
attB and attP sites, the two plasmids fuse together and the mKate2 coding sequence is placed
just after the Hefla promoter while the EYFP coding sequence becomes promoterless.

As depicted in FIG. 16, the 4 new recombinases could mediate intermolecular

recombination in mammalian cells.
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Example 8: Assessment of recombination crosstalk

To test whether these recombinases were orthogonal to each other, i.e. could only
mediate site specific recombination between their own attB and attP sites identified in
previous experiments, each of the recombinase expression vectors were co-transfected with
the reporter systems corresponding to all recombinases. The recombinases that had different
attB sites were completely orthogonal to each other (no mKate2 expression). However, the
recombinases, which shared the same attB but a different attP site, could mediate site-specific
recombination using both attP sites (significant mKate2 expression). The results are

summarized in FIG. 17.

Example 9: Creation of a library of orthogonal sites

The nonpalindromic central dinucleotide at the center of attP and attB sites is the sole
determinant of the prophage orientation (27), and a single base pair substitution in the two
sites inhibits recombination. However, when identical central dinucleotide mutations are in
both attP and attB partners, recombination is restored, as demonstrated for BxB1 and PhiC31
in bacterial cells (27, 28). Moreover, for the directionality of the reaction to be retained, these
two central dinucleotides have to be non-palindromic.

Based on these requirements, 6 different variants of the central dinucleotide sequence
were synthesized for each attP and attB partners that were non-palindromic and tested against
each other in transient transfections to see whether they were orthogonal in mammalian cells.

As predicted, only attP and attB that shared the exact same central dinucleotide
sequence could recombine for all 7 recombinases tested (i.e. 42 orthogonal sites) (FIG. 18).

For this purpose, a stable cell line with two landing pads was created, each one
carrying one BxB1 attB site orthogonal to the other. The integration of a circuit in the landing
pad of choice depending on the attP site carried by the integrative circuits was then

performed (results not shown).

Example 10: Streamlined identification of attP/attB sites

A deeper analysis of these sites could help shorten the pace of att site identification by
skipping the required experiments in the natural host M. smegmatis. Indeed, all these sites
share common features such as 6 to 8 base pair homologies between attB and attP sites core

sequence and numerous inverted repeats in the flanking sequences. It could therefore become
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useful to develop an algorithm to 1) itemize all possible large serine recombinases within
sequenced mycobacteriophage genomes, 2) itemize all putative attP sites within 200bp
flanking the start codon of these recombinases, 3) scan mycobacterium genomes to itemize
all putative attB sites sharing an homologous core sequence flanked by numerous inverted

repeats.

Example 11: Multiplexed integration of genetic circuits

While intramolecular site-specific recombination has proven useful for excision of
constructs integrated in mammalian genomes, intermolecular site-specific recombination can
be used to integrate complex circuits into mammalian chromosomes. The ability to multiplex
integrations by using orthogonal sites could help to integrate a variety of different circuits at
different locations within a genome. This could be very helpful to prevent interference
between circuits or attain higher levels of expression (with a lower coefficient of variation)
by integrating the same construct in multiple copies. This could also allow engineering cell
lines step by step, integrating one circuit after the other so as to incrementally increase the
complexity.

To integrate multiple genetic circuits into mammalian genome, multiple landing pads
containing attB sites orthogonal to the corresponding large serine recombinase are integrated
first. Each genetic circuit to be integrated is provided on a integrative vector, together with a
unique attP site that only recombines with one landing pad in the mammalian genome,
allowing specific integration of each genetic circuit into its desired target location. The
multiple genetic circuits may be inserted into a central location in a mammalian genome or
into different locations in a mammalian genome. The multiple genetic circuits can also be
integrated sequentially or simultaneously to the endogenous sequences of choice in the

mammalian genome.

Example 12: New DNA assembly methods

The use of multiple serine recombinases with orthogonal sites could also lead to the
development of new DNA assembly methods. Based on the Gateway principle, a system may
be created flanking each DNA fragment to be assembled with either an attB on its 5' end and
an attP on its 3'. Having 6 orthogonal sites for one recombinase would allow assembling 5

parts per reaction, i.e. enough for a mammalian transcription unit. The assembled vectors
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could carry sites from another recombinase, and following the same principle, could be used
to assemble 5 transcription units together. Such strategy could be used to assemble even
larger constructs with 6 orthogonal recombinases. As site-specific recombination with serine
recombinases is extremely efficient, fast and reliable, such an assembly method would be

extremely convenient.

Materials and Methods

In-silico identification of large serine recombinases

Scripts were written and run with Matlab2013a.

Expression units and plasmids assembly

All expression units and plasmids were assembled with the Golden Gate framework
and are listed in the Annexes. For all Golden Gate assembly reactions, used were: 0.4 ul of
Type IIS enzyme (either Bsal from NEB, or Bpil from Fermentas), 0.2ul of T4 Ligase HC +
1 ul of T4 Ligase HC buffer (Promega), 1 ul of 10xBSA (NEB), 40 fmol for all vectors used
in the reaction, ddH20 up to a final total volume of 10 ul. The thermocycler program used for
all assemblies included: 1 step of 15 min at 37°C; then 50 cycles of [2 min at 37°C followed
by 5 min at 16°C]; 1 step of 15 min at 37°C, 1 step of 5 min at 50°C and 1 final step of 5 min
at 80°C.

Bacterial cell cultures

Liquid cultures of E. coli MG1655 were grown in LB Medium (Difco) at 37°C. When
appropriate, antibiotics were added as follows: spectinomycin (100 pg/mL), ampicillin (100
ug/mL) and kanamycin (25 pg/mL). For blue/white screening, we used X-gal at a final
concentration of 40 pg/mkL.

For liquid cultures, M. smegmatis was grown in Difco 7H9 liquid medium
supplemented with 0.5% glycerol, 0.5% Tween 80 and 10% albumin—dextrose complex
(ADC). Carbenicillin and cycloheximide were added to all cultures at concentrations of 50
mg ml-1 and 10 mg ml-1 respectively. When necessary, the following antibiotics were also
added; kanamycin (8 mg ml-1), Hygromycin (50 mg ml-1) and tetracycline (0.5 mg ml-1).
For solid cultures, M. smegmatis was grown on Difco 7H10 agar supplemented with 0.5%

glycerol and 10% ADC.
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Mammalian cell culture and transfections

HEK?293FT cell line was purchased from Invitrogen. HEK293FT cells were
maintained in Dulbecco's modified Eagle medium (DMEM, Cellgro) supplemented with 10%
FBS (PAA), 0.045 g/mL penicillin/streptomycin and non- essential amino acids (HyClone) at
37°C, 100% humidity and 5% CO2. HEK293FT transfections were carried out in 24-well
plates using Attractene reagent (Qiagen), 200000 cells and 200-300 ng total DNA per well

(plasmid ratio 1 :1 :1). Media was changed 24 hours after transfection.

Microscope measurements and image processing

Fluorescence microscopy images of live cells were taken in glass-bottom dishes or
12-well plates using Zeiss Axiovert 200 microscope and Plan-Neofluar 10x/0.30 Ph1
objective. The imaging settings for the fluorophores were S430/25x (excitation) and
S470/30m (emission) filters for EYFP, and S565/25x (excitation) and S650/70m (emission)
for mKate2. Data collection and processing were performed using AxioVision software

(Zeiss).

Table 1: Amino-acid and Nucleotide Sequences

SEQ ID | Species Sequence
NO:
21 Abrogate MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD

PFDRRRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPRGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRAKPSVSTPSMLLRVLFCAVCGEPAYKFT
GGGRKNARYRCRSWGWAQRCGNGTVAMAEWDSFCEEQVLDLLGDSERLE
KVWVAGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQ,
EELEGLEARPSGWEWRETGQRFGDWWREQDTAGKNTWLRSMNVRLTFDV
RGGLTRTIDFGDLQEYEQHLRLGSVVERLHAGMS

22 Abrogate ATGAGAGCACTGGTAGTGATCCGACTGTCCCGCGTCACCGATGCTACGACT
TCACCGGAGCGCCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
GTGGGACGTCGTCGGGGTAGCAGAGGATCTGGACGTCTCCGGAGCAGTC
GATCCGTTCGACCGGAGGCGCAGACCGAACCTGGCCCGGTGGCTAGCGTT
CGAGGAGCAACCGTTCGACGTGATCGTGGCGTACCGGGTAGACCGGCTGA
CCCGATCAATCCGGCATCTGCAGCAGCTGGTCCACTGGGCCGAGGACCAC
AAGAAGCTGGTCGTCTCCGCGACCGAAGCGCACTTCGACACGACAACGCC
GTTCGCGGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAAT
TAGAAGCGATCAAAGAGCGGAACCGATCGGCGGCGCATTTCAATATCCGC
GCCGGTAAATACCGAGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGAGAGCGC
ATCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTG

42



WO 2017/127612

PCT/US2017/014234

GTGGCACACGACCTGAACCGGCGTGGTGTCCTGTCGCCTAAGGACTACTTC
GCAAAGCTGCAAGGTCGGGAGCCGCGGGGCCGGGAGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTG
AACGGTAAGACCGTCCGAGACGACGACGGAGCTCCGCTGGTGCGGGCTG
AGCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCGACCGGGCAAAGCCATCGGTGTCGACTCCGTCGATGTTGCTGCG
GGTGTTGTTCTGCGCAGTGTGCGGGGAGCCCGCATACAAGTTCACCGGGG
GCGGTAGGAAGAACGCACGATACCGCTGCCGGTCGTGGGGCTGGGCACA
GCGGTGCGGCAACGGCACGGTCGCAATGGCAGAGTGGGACTCGTTCTGC
GAGGAGCAGGTGCTGGATCTGCTCGGGGACTCGGAGCGCCTGGAGAAAG
TCTGGGTAGCAGGCTCGGACTCCGCAGTCGAACTCGCGGAGGTGAACGCG
GAGCTGGTGGACCTGACGTCGCTGATCGGCTCCCCGGCCTACCGGGCCGG
TTCTCCGCAGCGCGAAGCGCTGGATGCTCGTATTGCGGCGCTGGCAGCAC
GGCAGGAGGAGCTGGAGGGTCTAGAGGCACGCCCGTCGGGTTGGGAGTG
GCGCGAGACTGGGCAGCGGTTCGGGGACTGGTGGCGGGAGCAGGACACC
GCGGGTAAGAACACCTGGCTTCGGTCGATGAACGTTCGGCTGACGTTCGA
CGTCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGT
ACGAGCAGCACCTCAGGCTCGGCAGCGTGGTCGAACGACTACACGCCGGG
ATGTCGTAG

23

Airmid

MRVLGRIRLSRVMEESTSVERQREIIETWARQNDHEIIGWAEDLDVSGSVDPF
ETPALGPWLTDHRKHEWDILVAWKLDRLSRRAIPMNKLFGWVMENDKTLVC
VSENLDLSTWIGRMIANVIAGVAEGELEAIRERTKGSQKKLRELGRWGGGKPY
YGYRAQEREDAAGWELVPDEHASKVLLSIIEKVLEGQSTESIARELNERGELSPS
DYLRHRAGKPTRGGKWSNAHIRQQLRSKTLLGYSTHNGETIRDERGIAVRKGP
ALVSQDVFDRLQAALDSRSFKVTNRSAKASPLLGVLVCRVCERPMHLRQHHN
KKRGKTYRYYQCVGGVEKTHPANLTNADQMEQLVEESFLAELGDRKIQERVYI
PAESHRAELDEAVRAVEEITPLLGTVTSDTMRKRLLDQLSALDARISELEKLPES
EARWEYREGDETYAEAWNRGDAEARRQLLLKSGITAAAEMKGREARVNPGV
LHFDLRIPEDILERMSA

24

Airmid

ATGCGAGTTCTTGGAAGAATACGACTCTCGCGGGTCATGGAGGAAT
CGACATCGGTCGAGAGGCAGCGAGAGATCATCGAGACGTGGGCGC
GTCAGAACGACCACGAGATCATCGGCTGGGCTGAGGACCTCGACGT
GTCTGGATCGGTCGATCCGTTCGAGACGCCAGCCTTGGGTCCGTGG
CTTACCGACCACCGGAAGCACGAGTGGGACATCCTCGTGGCATGGA
AGCTCGACCGGCTGTCCAGGCGAGCTATCCCGATGAACAAACTCTTC
GGCTGGGTCATGGAGAACGACAAGACCCTCGTCTGCGTGTCGGAGA
ATCTGGACCTGTCGACGTGGATCGGTCGGATGATCGCCAACGTCATC
GCTGGCGTGGCAGAAGGTGAGTTGGAGGCGATACGAGAGAGGACC
AAGGGCTCTCAGAAGAAGCTACGTGAGCTTGGCCGCTGGGGAGGA
GGCAAGCCCTATTACGGCTACCGCGCGCAAGAGCGTGAGGACGCTG
CTGGGTGGGAGCTGGTGCCTGACGAGCACGCCTCGAAGGTCCTGCT
CTCGATCATCGAGAAGGTCCTCGAAGGGCAGTCGACGGAGTCGATA
GCTCGTGAGCTGAACGAGAGAGGAGAGCTGTCCCCGTCTGACTACC
TTCGGCACAGGGCTGGTAAGCCGACCAGAGGCGGTAAGTGGAGCA
ACGCGCACATCCGTCAGCAGCTCCGCTCCAAGACTCTCCTGGGTTAC
TCCACGCATAACGGCGAAACCATCCGAGACGAGCGGGGGATCGCG
GTACGCAAAGGGCCGGCGCTGGTTTCCCAGGACGTGTTCGACCGCC
TCCAGGCGGCGCTTGATTCTCGATCCTTCAAGGTGACGAACAGGTCA
GCGAAAGCGTCGCCGTTGCTCGGCGTCCTCGTCTGCCGGGTGTGCG
AACGACCGATGCACCTGCGTCAGCACCACAACAAGAAGCGCGGCAA
GACCTACCGCTACTACCAGTGCGTGGGCGGTGTTGAAAAGACCCAC
CCTGCCAATCTCACCAACGCCGATCAGATGGAGCAGTTGGTCGAAG
AGTCCTTCCTTGCTGAACTCGGTGACCGGAAGATCCAAGAGAGGGT
TTACATCCCTGCGGAGTCACATCGAGCCGAGTTGGACGAGGCTGTA
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CGGGCCGTTGAGGAGATAACCCCTCTGCTGGGCACCGTCACGTCGG
ACACCATGCGAAAGCGTCTCCTGGATCAGCTGAGCGCGTTAGATGC
TCGTATCTCCGAGCTGGAGAAGCTGCCCGAGTCCGAAGCTCGGTGG
GAGTACCGAGAAGGCGACGAAACCTACGCCGAGGCGTGGAACCGG
GGTGACGCGGAAGCCCGTCGACAGCTCCTGCTCAAGTCGGGGATCA
CGGCGGCTGCTGAGATGAAGGGCAGAGAGGCCCGAGTCAACCCGG
GGGTCTTACACTTCGACCTACGAATACCGGAGGACATCTTAGAAAG
GATGAGCGCGTGA

25

Anglerfish

MRALVVIRLSRVTDATTSPERQLESCRQLCAQRGWEVVGVAEDLDVSGAVDP
FDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKLY
VSATEAHFDTTTPFAAVVIALMGTVAQMELESIKERNRSAAHFNIRAGKYRGS
LPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPQGRAWSATALKRSLISEAMLGYTTLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFD
AGRKIPRYRCRSFGFAQRCGNGTIPIAEWDAFCEEQVLDLLGDSERLEKVWVA
GSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQEELEGL
EARPSGWEWRETGQRFGDWWRDQDTAGKNTWLRSMNVRLTFDVRGGLT
RTIDFGDLQEYEQHLRLGSALDLVNAEKPPTGR

26

Anglerfish

ATGAGAGCACTGGTAGTGATCCGACTGTCCCGCGTCACCGATGCTACGACC
TCCCCGGAGCGTCAGCTGGAGTCTTGCCGGCAGCTCTGCGCCCAGCGLGG
CTGGGAGGTGGTCGGGGTAGCAGAGGATCTGGACGTCTCCGGAGCAGTC
GATCCGTTCGACCGGAAGCGCAGACCGAACCTGGCCCGGTGGCTAGCGTT
CGAGGAGCAACCGTTCGACGTGATCGTGGCGTACCGGGTAGACCGACTGA
CCCGATCGATCCGTCATCTGCAGCAGCTGGTCCACTGGGCCGAGGACCAC
AAGAAGCTGGTCGTTTCCGCGACCGAAGCCCACTTCGATACGACGACGCC
GTTCGCGGCGGTCGTCATCGCGCTTATGGGAACTGTGGCGCAGATGGAAT
TAGAATCGATCAAAGAGCGGAACCGATCGGCGGCGCATTTCAATATCCGC
GCCGGTAAATACCGCGGTTCCCTGCCGCCGTGGGGCTACCTGCCCACGCG
CGTGGACGGGGAGTGGAGGCTGGTGCCTGACCCGGTGCAGCGCGAGCGC
ATCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTG
GTGGCACACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTT
CGCAAAGCTGCAGGGTCGGGAGCCGCAGGGGCGGGCGTGGTCAGCCACC
GCGCTGAAGCGCTCGCTGATCTCTGAGGCGATGCTCGGGTATACGACGCT
GAACGGCAAGACCGTCCGAGACGACGACGGGGCTCCGCTGGTGCGGGCT
GAGCCGATCCTGACCCGCGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGT
CAAGACCGACCGGACGAAGCCCGCGGTGTCGACGCCGTCGCTGCTGCTGC
GGGTGTTGTTCTGCGCGGTGTGCGGGGAGCCTGCCTACAAGTTCGACGCA
GGCCGGAAGATCCCCCGCTACCGCTGCAGGTCGTTCGGGTTCGCACAGCG
CTGCGGGAACGGCACCATACCGATCGCAGAGTGGGACGCATTCTGCGAGG
AGCAGGTGCTGGATCTGCTCGGGGACTCGGAGCGTCTGGAGAAAGTCTG
GGTAGCAGGCTCGGACTCGGCGGTCGAACTCGCGGAGGTGAACGCGGAG
CTGGTGGACCTGACGTCGTTGATCGGCTCTCCGGCCTACCGGGTCGGTTCT
CCGCAGCGCGAAGCACTGGATGCTCGTATTGCGGCGCTGGCCGCGCGGCA
GGAGGAGCTGGAAGGGCTAGAGGCTCGCCCGTCGGGTTGGGAGTGGCGC
GAAACCGGTCAGAGGTTCGGTGACTGGTGGCGGGATCAGGACACCGCGG
GTAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGACGTCC
GCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGTATGAG
CAGCATCTGAGGCTGGGCTCGGCTCTGGACCTCGTAAACGCAGAAAAGCC
CCCTACGGGCCGCTAG

27

Benedict

MRVLGRIRLSRVMEESTSVERQREIIETWARQNDHEIIGWAEDLDVSGSVDPF
ETPALGPWLTDHRKHEWDILVAWKLDRLSRRAIPMNKLFGWVMENDKTLVC
VSENLDLSTWIGRMIANVIAGVAEGELEAIRERTKGSQKKLRELGRWGGGKPY
YGYRAQEREDAAGWELVPDEHASAVLLSIIEKVLEGQSTESIARELNERGELSPS
DYLRHRAGKPTRGGKWSNAHIRQQLRSKTLLGYSTHNGETIRDERGIAVRKGP
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ALVSQDVFDRLQAALDSRSFKVTNRSAKASPLLGVLICRVCERPMHLRQHHNK
KRGKTYRYYQCVGGVEKTHPANLTNADOMEQLVEESFLAELGDRKIQERVYIP
AESHRAELDEAVRAVEEITPLLGTVTSDTMRKRLLDQLSALDARISELEKLPESE
ARWEYREGDETYAEAWNRGDAEARRQLLLKSGITAAAEMKGREARVNPGVL
HFDLRIPEDILERMSA

28

Benedict

ATGCGAGTTCTTGGAAGAATACGACTCTCGCGGGTCATGGAAGAATCGAC
ATCGGTCGAGAGGCAGCGAGAGATCATCGAAACCTGGGCGCGTCAGAAC
GACCACGAGATCATCGGCTGGGCTGAAGACCTAGACGTGTCTGGATCGGT
CGATCCGTTCGAGACGCCAGCCTTGGGTCCGTGGCTTACCGACCACCGGA
AGCACGAGTGGGACATCCTCGTGGCGTGGAAGCTCGACCGGCTGTCCAGG
CGAGCTATCCCGATGAACAAACTCTTCGGCTGGGTCATGGAGAACGACAA
GACCCTCGTCTGCGTGTCGGAGAATCTGGACCTGTCGACATGGATCGGTC
GGATGATCGCCAACGTCATCGCTGGCGTGGCAGAGGGGGAGTTGGAGGC
GATACGAGAGAGGACCAAGGGCTCTCAGAAGAAGCTACGTGAGCTTGGC
CGCTGGGGAGGAGGCAAGCCCTACTACGGCTACCGCGCGCAAGAGCGTG
AGGACGCTGCTGGGTGGGAGCTGGTGCCCGACGAGCACGCCTCGGCGGT
CCTGCTCTCCATCATCGAGAAGGTCCTCGAAGGGCAGTCGACGGAGTCGA
TAGCTCGTGAGCTGAACGAGAGAGGAGAGCTGTCCCCTTCTGACTACCTTC
GGCACAGGGCCGGTAAGCCGACCAGGGGCGGTAAGTGGAGCAACGCGCA
CATCCGTCAGCAGCTCCGCTCCAAGACTCTCCTGGGTTACTCCACGCATAAC
GGCGAAACCATCCGAGACGAGCGGGGGATCGCGGTACGCAAAGGGCCGG
CGCTGGTTTCCCAGGACGTGTTCGACCGCCTCCAGGCGGCGCTTGATTCTC
GATCCTTCAAGGTGACGAACAGGTCAGCGAAAGCGTCGCCGTTGCTCGGC
GTCCTCATCTGCCGGGTGTGCGAACGACCGATGCACCTGCGTCAGCACCAC
AACAAGAAGCGCGGCAAGACCTACCGCTACTACCAGTGCGTGGGCGGTGT
TGAAAAGACCCACCCTGCCAATCTCACCAACGCCGATCAGATGGAGCAGTT
GGTCGAAGAGTCCTTCCTTGCTGAACTCGGTGACCGGAAGATCCAAGAGA
GGGTGTACATCCCTGCGGAGTCACATCGGGCCGAGTTGGACGAGGCTGTA
CGGGCCGTTGAGGAGATAACCCCACTGCTGGGCACCGTCACATCGGACAC
CATGCGAAAGCGTCTCCTGGATCAGCTGAGCGCGTTAGATGCTCGTATCTC
CGAGCTGGAGAAGCTGCCCGAGTCCGAAGCTCGGTGGGAGTATCGAGAA
GGCGACGAAACCTACGCCGAGGCGTGGAACCGGGGTGACGCGGAAGCGC
GTCGACAGCTCCTGCTCAAGTCGGGGATCACGGCGGCTGCTGAGATGAAG
GGCAGAGAGGCCCGAGTCAACCCGGGGGTCTTACACTTCGACCTACGAAT
ACCGGAGGACATCTTAGAAAGGATGAGCGCGTGA

29

Bob3

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKLI
VSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRGS
LPPWGYMPARVDGEWRLLVDPVQRERILEVYHRVVDNHEPLHLVAHDLNQR
GILSPKDYFAKLQGREPKGREWSATALKRSLISEAMLGYTTLNGKTVRDDDGA
PLVRAEPILTREQLESLRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFTGG
GRKNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGDAERLEKV
WVAGSDAAVELTELNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQEEL
EGLEARPSGWEWRETGQRFGDWWRDQDTAGKNTWLRSMNVRLTFDVRG
GLTRTIDFGDLQEYEQHLRLGSVVEQLHTGMS

30

Bob3

ATGAGAGCACTGGTAGTCATCCGACTGTCCCGCGTCACCGATGCTACGACC
TCACCGGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
CTGGGACGTCGTCGGGGTAGCAGAGGATCTGGACGTCTCCGGAGCAGTC
GATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCCCGATGGCTAGCGTT
CGAGGAGCAACCGTTCGACGTCATCGTGGCGTACCGGGTGGACCGGTTGA
CCCGCTCGATCCGGCATCTGCAGCAGCTGGTGCACTGGGCCGAGGACCAC
AAGAAGCTGATCGTCTCCGCGACCGAAGCGCACTTCGATACGACGACGCC
GTTCGCGGCGGTCGTGATCGCGCTTATGGGAACGGTGGCGCAGATGGAAT
TAGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCGCATTTCAACATCCGC
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GCGGGTAAATACCGCGGTTCCCTGCCGCCGTGGGGTTACATGCCCGCACG
CGTGGACGGGGAGTGGAGGCTGCTCGTCGACCCCGTGCAGCGCGAACGC
ATCCTCGAGGTCTATCACCGCGTCGTCGACAACCACGAGCCTCTGCATCTG
GTCGCACACGACCTGAACCAGCGTGGTATCCTGTCGCCGAAGGACTACTTC
GCAAAGCTGCAGGGTCGAGAGCCCAAGGGCCGGGAGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCGGAGGCGATGCTCGGGTATACGACGCTG
AACGGCAAGACCGTCCGAGACGACGACGGGGCTCCGCTGGTGCGGGCCG
AGCCGATCCTGACGCGCGAGCAGCTGGAATCGCTGCGGGCGGAACTGGTC
AAGACCGACCGGACCAAGCCCGCAGTGTCCACCCCGTCGCTGCTGCTGCG
GGTGCTGTTCTGCGCAGTGTGCGGGGAGCCCGCATACAAGTTCACCGGGG
GCGGCAGGAAGAACGCTCGCTACCGCTGCCGGTCGTGGGGCTGGGCGCA
GCGGTGCGGCAACGGCACGGTGGCAATGGCCGAGTGGGACGCATTCTGC
GAGGAGCAGGTGTTGGATCTGCTCGGGGACGCAGAGCGTCTGGAGAAAG
TCTGGGTAGCAGGCTCGGACGCTGCTGTGGAGCTGACGGAGCTCAACGCA
GAGCTGGTGGATCTGACGTCGCTGATCGGCTCCCCGGCATACCGGGCAGG
TTCTCCGCAGCGCGAGGCACTGGATGCTCGTATCGCAGCACTGGCAGCGC
GGCAGGAGGAGTTGGAAGGGCTAGAGGCACGCCCGTCGGGCTGGGAGT
GGCGCGAAACCGGGCAGAGGTTCGGGGACTGGTGGCGGGATCAGGACAC
CGCAGGTAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCG
ACGTCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAG
TACGAGCAGCATCTCAGGCTCGGCAGCGTGGTCGAACAGCTACACACCGG
GATGTCGTAG

31

Bongo

MTATLETPPQVVAPPRLRAAVYLRMSTDKELGIDRQREDCVALCERLGWDPV
LYVDNDRSAVKENVRREAYEQMCEDIRDGRIDAITWRSDRLYRKMKSLLPLID
LIQGVNKNGKRIPIETCQTGLIDLTTDAGRMTAKILAAVAENEGEVRTARQMR
AYEQIAESGRSLGAPAFGYTNDPKARVREIVPEEAAAIREGYDDVLAGCTLYSIA
KKWNDRGLKTPRGNAFVATVVGRILRNPRYAGLYRFRGEIIGEGDWEPIVDVE
TWAMATAVLDGKNTGPKGPRVRTTLLSGIVRCGHCGNRMSASKNSNGEPIY

KCKRYEVCNHGVTRVRKKVDKYVEARIVAKLEERKWVVGTKSDADQAKALHT
EAETLRARKASFTDALVDGTLTPAQVKEASDKVDAKLEEIERQLARLTKSRVYD

GLLGHDDLEAVWVGLPLDRKRAIIEQLCDKIVIRHVEITGRAAAKLPLGHNIDIY
WHKPSDD

32

Bongo

ATGACAGCAACCCTTGAAACCCCACCACAGGTCGTCGCGCCGCCCCGGLTG
AGGGCTGCGGTCTACCTCCGCATGTCCACCGACAAAGAGCTGGGCATCGA
CCGCCAACGCGAGGACTGCGTCGCCCTGTGCGAGCGCCTCGGCTGGGATC
CCGTGCTCTACGTCGACAACGACCGCAGCGCCGTCAAAGAGAACGTGCGC
CGCGAAGCGTACGAGCAGATGTGCGAGGACATCCGCGACGGCCGCATCG
ACGCCATCATCACGTGGCGCTCCGACCGGCTCTACCGCAAGATGAAGTCCC
TGCTGCCGCTCATCGACCTGATCCAGGGCGTCAACAAGAACGGCAAGCGG
ATCCCCATCGAGACGTGCCAGACAGGGCTCATCGATCTCACCACCGACGCA
GGCCGCATGACGGCTAAGATCCTGGCAGCCGTAGCGGAGAACGAGGGCG
AGGTCAGGACAGCCAGGCAGATGCGCGCATACGAGCAGATCGCAGAGAG
CGGCCGGTCACTGGGGGCCCCAGCGTTCGGCTACACCAACGACCCCAAGG
CCCGCGTGCGTGAGATCGTGCCCGAAGAAGCCGCCGCAATCCGCGAGGGC
TACGACGATGTGCTCGCCGGATGCACGTTGTACTCGATTGCGAAGAAGTG
GAACGACCGTGGACTCAAGACACCCCGCGGCAACGCGTTCGTCGCCACCG
TCGTCGGCCGCATCCTCAGGAACCCCCGCTATGCGGGCCTGTACCGCTTCA
GGGGCGAGATCATCGGTGAGGGCGACTGGGAGCCCATCGTGGACGTTGA
GACGTGGGCGATGGCCACAGCGGTCCTCGACGGCAAGAACACCGGCCCA
AAGGGCCCCAGGGTGCGCACAACGCTGCTCTCGGGCATCGTGCGGTGCGG
ACACTGCGGCAACCGGATGTCGGCCAGCAAGAACAGCAACGGCGAGCCG
ATCTACAAGTGCAAGCGCTACGAGGTCTGCAACCACGGTGTTACGCGAGT
ACGCAAGAAGGTCGACAAGTACGTCGAGGCGCGGATCGTGGCCAAGCTC
GAAGAGCGCAAGTGGGTTGTCGGCACCAAGTCCGACGCGGACCAAGCCA
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AGGCCCTGCACACAGAGGCCGAGACGCTGCGGGCCCGCAAGGCTTCGTTC
ACCGACGCCCTGGTCGATGGCACCCTGACACCCGCACAGGTGAAGGAGGC
CAGCGACAAGGTCGACGCGAAGCTGGAGGAGATTGAACGCCAGCTAGCC
CGCCTCACCAAGTCTCGGGTGTATGACGGGCTGCTGGGTCACGACGACCT
GGAGGCCGTCTGGGTGGGGCTGCCGCTGGACCGCAAGCGGGCCATCATC
GAGCAGCTATGCGACAAGATCGTGATACGGCATGTCGAGATCACCGGCCG
TGCTGCCGCCAAGCTGCCGCTTGGCCACAACATCGACATCTACTGGCATAA
GCCCAGCGATGACTGA

33

Conceptll

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNQR
GVLSPKDYFAKLQGREPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKADRTKPAVSTPSLLLRVLFCAVCGEPAYKFT
GGGRKNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGDSERLE
KVWVAGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQ,
EELEGLEARPSGWEWRETGQRFGDWWRDQDTAGKNAWLRSMNVRLTFD
VRGGLTRTIDFGDLQEYEQHLRLGSALDLVNAEKPPTGR

34

Conceptll

ATGAGAGCACTGGTAGTCATCCGCCTGTCCCGCGTCACCGATGCTACGACT
TCGCCGGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCAGAGGATCTGGACGTCTCCGGAGCGGTCG
ATCCGTTCGACCGGAAGCGCAGACCGAACCTGGCCCGGTGGCTAGCATTC
GAGGAGCAACCGTTCGATGTCATCGTGGCATACCGGGTAGACCGGCTGAC
CCGATCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCTGAGGACCATA
AGAAGCTGGTCGTCTCCGCAACCGAAGCCCACTTCGACACGACGACGCCG
TTCGCAGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCGGCGCATTTCAATATCCGCG
CCGGTAAATACCGTGGAAGCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGTGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGAGAGCGCA
TCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGG
TGGCCCACGACCTGAACCAGCGCGGCGTCCTGTCGCCGAAGGACTACTTC
GCGAAGCTGCAAGGCCGCGAGCCGCAGGGCCGGGAGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTG
AACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGLTG
AGCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTG
AAGGCCGACCGGACCAAGCCCGCAGTGTCTACCCCGTCGCTGCTGCTGCG
GGTGCTGTTCTGCGCAGTGTGCGGTGAGCCCGCATACAAGTTCACCGGTG
GCGGTAGGAAGAACGCTCGCTACCGCTGCCGGTCGTGGGGTTGGGCACA
GCGGTGCGGTAACGGCACGGTGGCGATGGCAGAGTGGGACGCATTCTGC
GAGGAGCAGGTGTTGGATCTGCTCGGGGACTCGGAGCGTCTGGAGAAAG
TCTGGGTAGCAGGTTCGGACTCCGCAGTAGAACTCGCGGAGGTGAACGCG
GAGCTGGTGGACCTGACGTCGCTGATCGGCTCCCCGGCGTACCGGGCCGG
TTCTCCGCAGCGCGAGGCGCTGGATGCTCGTATCGCGGCGCTGGCCGCGL
GGCAGGAGGAGTTGGAAGGGCTAGAGGCTCGCCCGTCGGGTTGGGAGTG
GCGCGAAACCGGGCAGAGGTTCGGGGACTGGTGGCGGGATCAGGACACC
GCGGGTAAGAACGCGTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGA
CGTCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGT
ATGAGCAGCATCTGAGGCTGGGCTCGGCTCTGGACCTCGTAAACGCAGAA
AAGCCCCCTACGGGCCGCTAG

35

Hinder

MRVLGRIRLSRLSDESTSPERQREIIEGWAKSNDHTIVGWAEDLDVSGSVDPF
DTPALGPWLSEPKLHEWDILCAWKLDRLSRRAIPMNKLFGWVMDHDKTLVC
VNDNIDLSTWIGRMVANVIAGVAEGELEAIRERTTASHRKLRELGRWPGGRP
SYGYRAVEREDAAGWVLEPDPVSSVVLRSIIDWVLQGQSVESIAKDLTAMGE
VSPSDYVRQRAGEAPRGHPWHGRTIVKLLRSKTLLGYVTHNGTTVRDENGVP
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VQKGPPLVDQDTFNRLQAALDDGSRPKTVNRTSKASPLLGVALCWDCEKPLY
SRRAQTTAGKVYRYYHCRDGHTQSIPADDLQQLVEERFLNALGDQEVHEMVYL
PAESHQAELEEAQIAVQELTSALGRMKSNYAQQRIHTQLEALDKRIQELEGLPT
SEARSEMRPTGGLYKDAWEEADEQGRRELLIKSGITAKAKLEGRVPNQSGGAL
SFDLVVPEDLLARMSV

36

Hinder

ATGCGTGTTCTTGGGAGAATCAGGCTGTCCAGGCTCAGCGACGAATCTACC
AGTCCCGAGCGGCAGCGAGAGATCATCGAGGGTTGGGCAAAGTCCAACG
ACCACACCATCGTCGGTTGGGCAGAGGATCTGGACGTGTCCGGTTCCGTC
GACCCGTTCGACACCCCGGCCTTGGGTCCGTGGCTGTCGGAGCCGAAACT
GCACGAGTGGGACATCCTCTGCGCATGGAAGCTCGACCGCCTCTCGCGGC
GAGCGATCCCGATGAACAAACTCTTCGGTTGGGTGATGGATCACGACAAG
ACACTCGTATGCGTCAACGACAACATCGACCTCTCGACGTGGATCGGTCGC
ATGGTCGCAAACGTCATCGCTGGTGTGGCCGAGGGGGAGTTGGAGGCGA
TCCGGGAGAGGACGACGGCCTCTCACCGGAAGCTCCGGGAGTTGGGCCG
GTGGCCGGGAGGCAGACCGTCCTACGGCTACCGCGCCGTCGAGCGCGAG
GACGCAGCAGGGTGGGTGTTGGAGCCTGACCCGGTGTCGTCGGTGGTCCT
CCGGTCGATCATCGACTGGGTCCTGCAGGGGCAGTCCGTCGAGTCGATAG
CCAAGGATCTGACCGCGATGGGAGAGGTGTCCCCGTCCGACTACGTCCGT
CAGCGGGCCGGTGAGGCCCCACGGGGACACCCGTGGCATGGCCGCACCA
TCGTCAAGCTGTTGCGGTCCAAGACCCTCCTGGGGTACGTCACGCACAACG
GGACGACCGTCCGGGACGAGAACGGTGTGCCGGTCCAGAAAGGCCCACC
GCTGGTCGACCAGGACACCTTCAACCGGCTGCAGGCCGCTCTCGATGACG
GCTCCAGACCCAAGACCGTCAACCGGACCTCGAAGGCGTCCCCGCTACTCG
GGGTCGCCCTGTGTTGGGACTGCGAGAAGCCGCTGTACTCCCGCCGCCAG
ACGACGGCGGGGAAGGTGTACCGGTACTACCACTGCCGCGACGGCCACAC
CCAGTCCATCCCCGCCGACGACCTACAACAACTCGTGGAGGAGCGGTTCCT
GAACGCACTCGGGGACCAGGAGGTCCACGAGATGGTTTACCTCCCAGCGG
AATCGCACCAGGCCGAGCTAGAGGAGGCTCAGATCGCCGTACAGGAGTTG
ACGAGCGCCCTCGGGAGGATGAAGTCCAACTACGCGCAGCAGCGCATCCA
CACGCAACTGGAGGCTCTGGACAAACGCATACAGGAGCTTGAGGGACTAC
CGACCTCCGAGGCCCGGTCGGAGATGCGCCCGACAGGTGGGCTGTACAA
GGACGCCTGGGAGGAGGCCGACGAGCAAGGTCGCCGGGAGCTTCTGATC
AAGTCAGGGATCACGGCCAAGGCCAAGCTGGAGGGCCGGGTGCCCAACC
AGTCCGGAGGGGCATTGTCGTTCGATCTCGTTGTGCCAGAGGATCTTCTGG
CACGAATGTCCGTGTAA

37

ICleared

MRVLGRLRISRATEESTSIERQRELVEQWAAAHEHEIVGWAVDQDVSGSVDP
FDAPALGPWLSDHRKHEWDILCAWKLDRLSRRAIPMNKLFGWMIDNDKTLV
CVSENLDLGTWVGRMIANVIAGVAEGELEAIRERTTASHKKLRELGRWAGGP

TYYGYVPKPRDGAGWELDIDLHAAGVLREIIEKTIAGQSTESIVVELNERGELSP

SDYHRKRSGKPIRGTKWNTSWLRTQLKSKTLLGHMTHNGETVYDDAGLPVQ

KGPALIDRDTYKQLQDALQSRGINRTKRRTGASPLLGVAVCDVCDGPLYYRQT
KNQKGTAMLRQYICKHGRYGNTKANGGEPYNIIQADLLEATVEELFLSKMGD

LPRVERVFIPGEGHQHELETAERAVEDLTSLLGTITQEGARKRLLAQLSAAHERL
AHLEELPSSEPRWETRETGETYREAWESATTEERRQILLKAGVTLKVOMKGRV
PRVHPGVIVANWIEPHDIEKRLAS

38

ICleared

ATGCGAGTTCTTGGAAGATTGCGAATCTCACGAGCCACTGAAGAATCTACC
AGCATCGAGCGGCAGCGCGAGTTGGTCGAGCAGTGGGCGGCGGCTCACG
AGCACGAGATCGTCGGCTGGGCCGTGGATCAGGACGTGTCCGGATCGGTC
GATCCGTTCGACGCGCCAGCACTTGGGCCCTGGCTGTCTGACCATCGGAAA
CACGAATGGGACATCCTGTGCGCCTGGAAGCTGGACCGCCTGTCGCGGCG
AGCGATCCCGATGAACAAGCTGTTCGGTTGGATGATCGACAACGACAAGA
CGCTCGTCTGCGTGTCGGAGAATCTGGACCTCGGGACGTGGGTCGGTCGC
ATGATCGCCAACGTCATCGCCGGGGTCGCAGAGGGTGAATTGGAGGCGAT
CCGGGAGCGGACGACTGCCTCGCACAAGAAGCTCAGGGAGCTGGGAAGG
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TGGGCCGGTGGGCCCACGTACTACGGCTACGTGCCGAAGCCCCGCGACGG
CGCGGGGTGGGAGCTGGACATCGACCTGCACGCTGCGGGCGTGCTGAGG
GAGATCATCGAAAAGACCATCGCCGGTCAGTCGACCGAGTCCATCGTGGT
CGAGCTCAACGAGCGAGGGGAGCTGTCCCCGTCCGACTACCACCGGAAGC
GGAGCGGGAAGCCGATCCGGGGCACGAAGTGGAACACGTCGTGGCTGCG
GACGCAGCTCAAGTCCAAGACCCTGCTTGGTCACATGACCCACAACGGCG
AAACCGTCTACGACGACGCCGGCCTCCCCGTCCAGAAGGGCCCTGCGCTG
ATCGACCGGGACACCTACAAGCAACTGCAGGACGCACTGCAGAGTCGCGG
GATCAACCGGACCAAGCGCAGGACCGGGGCCTCGCCGCTGCTCGGTGTCG
CCGTCTGCGATGTCTGCGACGGGCCGCTGTACTACCGCCAGACCAAGAAC
CAGAAGGGCACGGCCATGCTGCGGCAGTACATCTGCAAGCACGGCCGCTA
CGGCAACACCAAGGCCAACGGCGGGGAGCCGTACAACATCATTCAGGCCG
ATCTATTGGAGGCCACAGTCGAAGAGCTGTTCCTCTCCAAGATGGGCGATC
TGCCCCGCGTCGAGCGGGTGTTCATCCCAGGCGAAGGACACCAGCATGAG
CTGGAAACGGCTGAGCGAGCCGTGGAGGACTTGACATCGCTTCTGGGCAC
GATCACCCAGGAGGGTGCGAGAAAGCGTCTCCTGGCGCAACTCTCAGCCG
CCCACGAACGGCTGGCCCACCTCGAGGAGCTCCCGAGCTCCGAGCCCCGC
TGGGAAACCCGAGAGACAGGGGAGACGTACCGCGAAGCGTGGGAGAGC
GCGACGACCGAGGAGCGTCGGCAGATTCTGCTCAAAGCCGGTGTGACACT
CAAGGTCCAGATGAAGGGCCGGGTGCCGAGAGTGCATCCCGGCGTCATC
GTCGCGAACTGGATCGAGCCGCACGACATCGAGAAGCGCCTGGCTTCCTG
A

39

KSSIEB

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLLVDPVQRERILEVYHRVVDNHEPLHLVAHDLNQR
GILSPKDYFAQLQGREPQGRAWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFA
GGGRKHPRYRCRSMGFPKHCGNGTVAMAEWDAFCEEQVLDLLGDAERLEK
VWVAGSDAAVELAELNAELVDLTSLIGSPAYRAGSPQREALDARIEALAARQE
ELEGLEARPSGWEWRETGQRFGDWWREQDTAAKNTWLRSMNVRLTFDVR
GGLTRTIDFGDLQEYEQHLRLGSVVERLHTGMS

40

KSSIEB

ATGAGAGCACTGGTAGTCATCCGCCTGTCCCGCGTCACCGATGCTACGACT
TCACCGGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCACAGCGCGG
TTGGGACGTCGTCGGTGTGGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCAGACCGAACCTGGCACGGTGGCTGGCATTC
GAGGAGCAACCGTTCGATGTGATCGTGGCGTACCGGGTAGACCGGTTGAC
CCGATCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCGGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCGCACTTCGACACGACGACGCCG
TTCGCGGCGGTCGTGATCGCGCTTATGGGTACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCACATTTCAATATCCGCG
CCGGTAAATACCGAGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGCG
TGGACGGGGAGTGGAGGCTGCTCGTCGACCCCGTGCAACGAGAGCGCAT
CCTCGAGGTCTATCACCGCGTCGTCGACAACCACGAGCCGCTGCATCTGGT
CGCCCACGACCTGAACCAGCGCGGCATCCTGTCGCCCAAGGACTACTTCGC
GCAGCTGCAGGGCCGGGAGCCGCAGGGGCGGGCAGTGGTCGGCTACCGCG
TTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTGAA
CGGTAAGACCGTCCGAGACGACGACGGAGCTCCGCTGGTGCGGGCCGAG
CCGATCCTGACGCGAGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTCAA
GACCGACCGGACCAAGCCCGCAGTGTCTACCCCGTCGCTGCTGCTGCGGG
TGCTGTTCTGCGCAGTGTGCGGGGAGCCCGCATACAAGTTCGCAGGGGGA
GGACGTAAGCACCCGCGCTACCGCTGCCGCTCGATGGGGTTCCCGAAGCA
CTGCGGGAACGGCACGGTCGCAATGGCAGAGTGGGACGCATTCTGCGAG
GAGCAGGTGCTGGATCTGCTCGGGGACGCAGAGCGGCTGGAGAAGGTAT
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GGGTCGCAGGCTCGGACGCTGCTGTGGAGCTGGCAGAGCTCAACGCAGA
GCTGGTGGACCTGACGTCGCTGATCGGCTCCCCGGCATACCGCGCAGGTT
CCCCGCAGCGGGAGGCATTGGACGCACGTATCGAGGCTCTGGCTGCACGG
CAAGAGGAGTTGGAAGGGCTGGAGGCTCGCCCGTCGGGTTGGGAGTGGC
GCGAAACCGGGCAGCGGTTCGGTGACTGGTGGCGAGAGCAGGACACCGC
AGCAAAGAACACCTGGCTCCGGTCGATGAACGTCCGGCTGACGTTCGACG
TCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGTAC
GAGCAGCATCTCAGGCTCGGCAGCGTGGTCGAACGGCTACACACCGGGAT
GTCGTAG

41

Doom

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWEVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRAKPAVSTPSLLLRVLFCAVCGEPAYKFD
AGRKIPRYRCRSFGFAQRCGNGTVPIAEWDAFCEEQVLDLLGDSERLEKVWYV
AGSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQEELEG
LEARPSGWEWRETGQRFGDWWREQDTSAKNTWLRSMNVRLTFDVRGGLT
RTIDFGDLQEYEQHLRLGSVVEQLHAGMS

42

Doom

ATGAGAGCACTGGTAGTCATCCGCCTGTCCCGTGTCACCGATGCTACGACT
TCACCTGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCACAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCACGGTGGCTGTCATTC
GAGGAGCAACCGTTCGATGTGATCGTGGCGTACCGGGTAGACCGGTTGAC
CCGCTCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCCGAGGACCACA
AGAAGCTGATCGTCTCCGCGACTGAATCGCACTTCGACACGACGTCGCCGT
TTGCGGCGGTCGTGATCGCGCTTATGGGAACGGTGGCGCAGATGGAGTTG
GAGGCGATCAAGGAGCGGAACCGCTCGGCAGCACACTTCAACATCCGCGC
CGGTAAGTACCGTGGTTCCCTGCCGCCGTGGGGTTACATGCCCGCACGCG
TGGACGGGGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGCGAGCGCAT
CCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGGT
GGCACACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTTCG
CAAAGCTGCAAGGTCGCGAGCCGCGGGGTCGGGAGTGGTCGGCTACCGC
GCTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTGA
ACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGCTGA
GCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTCA
AGACCGACCGGATGAAGCCCGCAGTGTCCACCCCGTCGCTGCTGCTGCGG
GTGCTGTTCTGTGCAGTGTGTGGGGAGCCCGCATACAAGTTCGACGCCGG
CCGGAAGATCCCCCGCTACCGCTGTAGGTCGTTCGGGTTCGCACAGCGCTG
TGGGAACGGCACCATACCGATCGCAGAGTGGGACGCATTCTGTGAGGAGC
AGGTGCTGGATCTGCTCGGGGACGCAGAGCGGCTGGAGAAGGTGTGGGT
CGCAGGCTCGGACGCAGCAGTGGAGCTGGCAGAGCTCAACGCGGAGCTG
GTGGATCTGACGTCGCTGATCGGCTCCCCGGCATACCGGGCAGGCTCTCC
GCAGCGCGAGGCACTGGACGCTCGTATCGCGGCGCTGGCCGCGCGGCAG
GAGGAGCTGGAAGGGCTAGAGGCTCGCCCGTCGGGCTGGGAGTGGCGCG
AAACCGGGCAGAGGTTCGGGGACTGGTGGCGAGAGCAGGACACCGCGGC
AAAGAACACCTGGCTTCGGTCGATGAACGTTCGGCTGACGTTCGACGTCC
GCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGTACGA
GCAGCATCTCAGGCTCGGCAGCGTGGTCGAACAGCTACACACCGGGATGT
CGTAG

43

Mundrea

MRVLGRLRISRATEESTSIERQREIVEQWASVNDHEIVGWAVDQDVSGSVDP
FDAPALGPWLSEHRKHEWDILVAWKLDRLSRRAIPMNKLFGWMIDNEKTLV
CVSENLDLGTWVGRMIANVIAGVAEGELEAIRERTTASHKKLRELGRWAGGP
TYYGYVPKPRDGAGWELDIDPHAAGVLTEIIEKTIAGQSTESIVVELNERGELAP
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SDYHRKRNGKPIRGTKWSTSWLRSQLKSKTLLGHMTHNGETVYDDAGLPVQ
KGPALVDRDTYKQLQDALESRGINRTRRRTGASPLLGVAVCDVCEGPLYYRQT
KNAKGTAMLRQYICKHGRYGNTQANGGEPYNIIQADLLEATVEELFLSKMGD
LPRVERVFIPGEGHQHELETAERAVEDLTSLLGTITQESARKRLLAQLAAAHERL
AHLEELPSSEPRWETRETGETYREAWEGATVEERRQILLKAGVTLKVQMKDR
VPRVHPGVIVANWIEPHDIEKRLAS

44

Mundrea

ATGCGAGTTCTTGGAAGATTGCGAATTTCCCGAGCCACTGAGGAATCTACC
AGCATCGAGCGGCAGCGCGAGATCGTGGAGCAGTGGGCGTCCGTGAACG
ACCACGAGATCGTCGGCTGGGCCGTGGACCAGGACGTGTCCGGATCGGTC
GATCCGTTCGACGCGCCAGCACTGGGCCCCTGGCTGTCTGAGCACCGGAA
ACACGAGTGGGACATCCTCGTGGCGTGGAAGCTCGACCGCCTGTCGCGGC
GAGCGATCCCGATGAACAAGCTGTTCGGTTGGATGATCGACAACGAAAAG
ACTCTGGTCTGCGTATCGGAGAATCTGGACCTCGGGACGTGGGTCGGTCG
AATGATCGCCAACGTCATCGCCGGGGTCGCAGAGGGTGAGCTGGAGGCC
ATCCGGGAGCGGACGACCGCCTCGCATAAGAAGCTCAGGGAGCTGGGAA
GGTGGGCCGGGGGCCCGACGTACTACGGGTACGTGCCGAAGCCCCGCGA
CGGCGCGGGGTGGGAGCTGGACATCGACCCGCACGCTGCTGGCGTGCTG
ACGGAGATCATCGAAAAGACCATCGCCGGTCAGTCGACGGAGTCCATCGT
GGTCGAGCTGAACGAGCGCGGGGAGCTGGCTCCGTCCGACTACCACCGG
AAGCGGAACGGCAAGCCGATCCGGGGGACGAAGTGGAGCACGTCGTGGC
TGCGGTCGCAGCTCAAGTCCAAGACCCTGCTCGGCCACATGACCCACAACG
GTGAAACCGTCTACGACGACGCCGGCCTCCCTGTCCAGAAGGGCCCTGCCT
TGGTCGACCGGGACACATACAAGCAACTGCAGGACGCGCTGGAGAGTCGT
GGGATCAACCGGACCCGGCGCCGAACCGGAGCCTCACCGCTGCTCGGTGT
CGCCGTGTGCGATGTCTGCGAGGGGCCGCTGTACTACCGGCAGACCAAGA
ACGCCAAGGGCACGGCCATGCTGCGGCAGTACATCTGCAAGCACGGCCGC
TACGGCAACACTCAGGCCAACGGCGGGGAGCCGTACAACATCATCCAGGC
CGACCTCTTGGAGGCCACCGTCGAAGAGCTGTTCCTGTCGAAGATGGGTG
ACCTGCCCCGCGTCGAGCGGGTGTTCATCCCCGGCGAAGGACATCAGCAC
GAGCTGGAAACGGCTGAGCGAGCCGTGGAGGACTTGACATCGCTTCTGG
GCACGATCACCCAGGAGAGTGCGAGAAAGCGTCTCCTGGCTCAACTCGCC
GCCGCCCACGAGCGGCTGGCTCATCTCGAAGAGCTCCCGAGCTCCGAGCC
CCGCTGGGAAACCCGAGAGACAGGGGAGACGTACCGCGAAGCGTGGGA
GGGCGCGACGGTCGAGGAGCGTCGGCAGATTCTGCTCAAAGCCGGTGTG
ACATTGAAGGTCCAGATGAAGGACCGAGTGCCGAGAGTGCATCCCGGTGT
CATCGTCGCGAACTGGATCGAGCCACACGACATCGAGAAGCGCCTGGCCT
CTTGA

45

Museum

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLSFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKLI
VSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRGS
LPPWGYMPARVDGEWRLLVDPVQRERILEVYHRVVDNHEPLHLVAHDLNQR
GILSPKDYFAKLQGREPKGREWSATALKRSLISEAMLGYATLNGKTVRDDDGA
PLVRAEPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFTG
GGRKNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGDAERLEK
VWVAGSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQE
ELEGLEARPSGWEWRETGQRFGDWWREQDTAAKNTWLRSMNVRLTFDVR
GGLTRTIDFGDLQEYEQHLRLGSALDLVNAEKPPTGR

46

Museum

ATGCGCGCTTTGGTAGTGATCCGCTTGTCCCGTGTGACCGATGCTACGACT
TCACCCGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
CTGGGACGTCGTCGGGGTGGCGGAGGATCTGGACGTGTCCGGAGCGGTC
GATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCCCGGTGGCTGTCGTT
CGAGGAGCAACCGTTCGATGTGATCGTGGCGTACCGGGTGGATCGGTTGA
CCCGCTCGATCCGGCATCTTCAGCAGCTGGTCCACTGGGCCGAGGACCACA
AGAAGCTGATCGTCTCCGCGACCGAAGCGCACTTCGATACGACGACGCCG
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TTCGCGGCGGTCGTGATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCGCATTTCAACATCCGCG
CGGGGAAATACCGCGGCTCCCTGCCGCCGTGGGGTTACATGCCCGCCCGC
GTGGACGGGGAGTGGAGGCTGCTCGTCGACCCCGTGCAGCGCGAACGCA
TCCTCGAGGTCTATCACCGCGTCGTCGACAACCACGAGCCTCTGCATCTGG
TCGCCCACGACCTGAACCAGCGTGGCATCCTGTCGCCGAAGGACTACTTCG
CGAAGCTGCAGGGCCGAGAGCCCAAGGGCCGGGAGTGGTCGGCTACCGC
GCTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTGA
ACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGCTGA
GCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTCA
AGACCGACCGGACCAAGCCCGCAGTGTCTACCCCGTCGCTGCTGCTGCGG
GTGTTGTTCTGCGCAGTGTGCGGTGAGCCCGCATACAAGTTCACCGGTGG
CGGTAGGAAGAACGCTCGCTACCGCTGCCGGTCGTGGGGTTGGGCACAGC
GGTGCGGTAACGGCACGGTGGCAATGGCGGAGTGGGACGCGTTCTGCGA
GGAGCAGGTGCTGGATCTGCTCGGGGACGCAGAGCGTCTGGAGAAAGTC
TGGGTAGCAGGTTCGGACTCGGCAGTCGAACTCGCGGAGGTGAACGCGG
AGCTGGTGGACCTGACGTCGCTGATCGGCTCTCCGGCGTACCGGGTCGGT
TCTCCGCAGCGCGAAGCACTGGATGCTCGTATTGCGGCGCTGGCCGCGCG
GCAAGAGGAGTTGGAAGGGCTAGAGGCTCGTCCGTCTGGCTGGGAGTGG
CGCGAAACCGGGCAGCGGTTCGGGGACTGGTGGCGGGAGCAGGACACCG
CGGCAAAGAACACCTGGCTTCGGTCGATGAACGTTCGGCTGACGTTCGAC
GTCCGCGGCGGGCTGACTCGGACGATCGACTTCGGGGATCTGCAGGAGTA
TGAGCAGCATCTGAGGCTGGGCTCGGCTCTAGACCTCGTAAACGCAGAAA
AGCCCCCTACGGGCCGCTAG

a7

PattyP

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPRGREWSATALKRSLISEAMLGYTTLNGKTVRDDDG
APLVRAEPILTREQLESLRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFAG
GQRKNPRYRCRSMGFPKHCGNGTVAMAEWDAFCEEQVLDLLGDAERLEKV
WVAGSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQEE
LEGLEARPSGWEWRETGQRFGDWWREQDASGKNTWLRSMNVRLTFDVRG
GLTRTIDFGDLQEYEQHLRLGSVVERLHTGMS

48

PattyP

ATGAGAGCACTGGTGGTCATCCGACTGTCCCGCGTCACCGATGCTACGACT
TCACCCGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCACAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCACGATGGCTAGCATTC
GAGGAGCAACCGTTCGACGTCATCGTGGCGTACCGGGTGGACCGGTTGAC
CCGCTCGATCCGGCATCTGCAGCAGCTGGTGCACTGGGCCGAGGACCATA
AGAAGCTGGTCGTCTCCGCGACCGAAGCCCACTTCGACACGACGACGCCG
TTCGCGGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCAGCACATTTCAATATCCGCG
CCGGTAAATACCGCGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGCG
TGGACGGTGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGAGAGCGCAT
CCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGGT
GGCCCACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTTCG
CGAAGCTGCAAGGCCGCGAGCCGCGGGGCCGGGAGTGGTCGGCTACCGC
GCTGAAGCGCTCGCTGATCTCGGAGGCGATGCTCGGGTATACGACGCTGA
ACGGCAAGACCGTCCGAGACGACGACGGGGCTCCGCTGGTGCGGGCCGA
GCCGATCCTGACGCGCGAGCAGCTGGAATCGCTGCGGGCGGAACTGGTCA
AGACCGACCGGACCAAGCCCGCAGTGTCCACCCCGTCGCTGCTGCTGCGG
GTGTTGTTCTGCGCAGTGTGCGGGGAGCCCGCGTACAAGTTCGCCGGTGG
TCAGCGCAAGAACCCGCGCTACCGCTGCCGCTCGATGGGGTTCCCGAAGC
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ACTGCGGTAACGGTACGGTGGCGATGGCCGAGTGGGACGCGTTCTGCGA
GGAGCAGGTGCTGGATCTGCTCGGGGACGCGGAGCGTCTGGAGAAAGTC
TGGGTAGCCGGTTCGGACTCGGCAGTCGAACTCGCAGAGGTGAACGCGG
AGCTGGTGGACCTGACGTCGCTGATCGGCTCTCCGGCATACCGGGTTGGT
TCTCCGCAGCGCGAGGCGCTCGACGCTCGTATCGCAGCACTGGCCGCACG
GCAAGAGGAGTTGGAAGGGCTAGAGGCTCGTCCGTCGGGCTGGGAGTGG
CGAGAAACCGGGCAGAGGTTCGGGGACTGGTGGCGGGAGCAGGACGCCT
CGGGTAAGAACACCTGGCTTCGGTCGATGAACGTTCGGCTGACGTTCGAC
GTCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGTA
CGAGCAGCATCTCAGGCTCGGCAGCGTGGTCGAACGGCTACACACCGGGA
TGTCGTAG

49

Rebeuca

MRVLGRLRLSRSTEESTSIERQREIVTAWAESNGHTLVGWAEDVDVSGAIDPF
DTPSLGPWLDERRGEWDILCAWKLDRLGRDAIRLNKLFGWCQEHGKTVASC
SEGIDLSTPVGRLIANVIAFLAEGEREAIRERVTSSKQKLREVGRWGGGKPPFG
YMGIPNPDGQGHILVVDPVAKPVVRRIVDDILDGKPLTRLCTELTEERYLTPAE
YYATLKAGAPRQKAEPDETPAKWRPTALRNLLRSKALRGYAHHKGQTVRDLK
GQPVRLAEPLVDADEWELLQETLDRVOQANWSGRRVEGVSPLSGVVVCITCDR
PLHHDRYLVKRPYGDYPYRYYRCRDRHGKNLPAEMVETLMEESFLARVGDYP
VRERVWVQGDTNWADLKEAVAAYDELVQAAGRAKSATAKERLQRQLDALD
ERIAELESAPATEAHWEYRPTGGTYRDAWETADTDERREILRRSGIVLAVGVD
GVDGRRSKHNPGALHFDFRVPEELTQRLGVS

50

Rebeuca

ATGCGAGTGCTCGGAAGATTGCGTTTGTCCAGGTCAACGGAGGAATCTAC
CTCCATCGAGCGGCAGCGGGAGATTGTCACCGCTTGGGCAGAGTCTAACG
GTCACACCCTCGTGGGTTGGGCCGAGGACGTTGACGTGTCTGGTGCAATC
GACCCGTTCGACACCCCGTCGCTCGGTCCGTGGCTGGACGAGCGGCGAGG
CGAGTGGGACATCCTCTGCGCGTGGAAGCTCGACCGGCTGGGCCGTGATG
CCATCCGGCTCAACAAGCTCTTCGGTTGGTGCCAGGAGCACGGCAAGACC
GTGGCCTCGTGCAGCGAGGGCATCGACCTCAGCACGCCGGTCGGTCGGCT
CATCGCCAACGTCATCGCCTTCCTGGCCGAGGGTGAGCGGGAAGCGATCC
GCGAGCGCGTCACGTCCTCGAAGCAGAAGCTGCGCGAGGTAGGCCGGTG
GGGTGGTGGTAAGCCGCCGTTCGGTTACATGGGCATCCCCAACCCGGACG
GTCAGGGACACATCCTCGTGGTCGATCCGGTGGCCAAGCCGGTGGTGCGC
CGGATCGTGGACGACATCCTCGACGGCAAGCCGCTCACGCGGCTCTGCAC
GGAGCTGACCGAGGAGCGATACCTCACGCCGGCAGAGTACTACGCAACCC
TCAAGGCAGGGGCACCGAGGCAGAAGGCCGAGCCCGACGAAACCCCTGC
AAAGTGGCGGCCGACCGCTCTCCGCAACCTTCTCCGGAGCAAGGCCCTGC
GGGGTTACGCCCATCACAAGGGGCAGACCGTCAGGGACCTCAAGGGGCA
GCCTGTGCGCCTCGCTGAGCCACTGGTGGACGCCGACGAATGGGAACTAC
TGCAGGAGACTCTCGACCGCGTACAGGCAAACTGGTCGGGTCGACGGGTC
GAGGGTGTCAGCCCGCTGTCCGGTGTCGTGGTCTGCATCACCTGTGACCGT
CCGCTGCACCACGACCGGTATCTGGTGAAGCGGCCATACGGTGACTACCC
CTACCGGTACTACCGGTGCCGTGACCGCCACGGCAAGAACCTCCCGGCAG
AGATGGTCGAAACCCTCATGGAAGAGTCCTTCCTGGCACGCGTGGGTGAC
TATCCGGTGCGGGAGAGGGTCTGGGTCCAGGGTGACACGAATTGGGCAG
ATCTGAAGGAGGCTGTGGCAGCCTACGACGAACTGGTGCAGGCAGCCGG
CCGCGCCAAGAGCGCAACGGCGAAGGAGAGACTGCAGAGGCAGCTCGAT
GCACTAGACGAGCGGATCGCGGAGCTTGAGTCCGCACCCGCCACCGAGGC
CCACTGGGAGTACCGGCCGACCGGAGGTACCTACCGGGACGCCTGGGAG
ACAGCAGACACCGACGAGCGCCGCGAGATCCTGCGGCGGTCGGGGATCG
TCCTGGCGGTCGGAGTCGACGGCGTGGATGGCCGTCGCTCCAAGCACAAC
CCAGGAGCCCTGCACTTCGACTTCCGGGTCCCCGAGGAACTGACCCAGCG
GCTCGGAGTCTCCTGA

51

Rey

MTATLERHLDTPQQEALRVGVYLRMSTDKELGIDRQREDCLALAERLGWVPYV
EYIDNDRSATKENVKREGFDALSEDIRDGRIDSIHTWRSDRLYRKMKDLLPLIDLI
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QGVNKTGKRIPIETCQTGLIDLTTDAGRMTAKILAAVSENEGEVRTARQMRAY
EQIADSGRRLGAPAFGWTHDPRDPQIVPEEAAAIRQAYADVLAGCTLYSIAKK
WNEDGLRTTRGNQFVGSVVGKILRSPRNAGLLTFRDEIVGEGTWEPIVDRET
WEAACAVLDQKNTGKKGPRVRSTLLSGIVRCGACGNKMAAGKNSNGEPIYK
CKRYEVCKHGVTRVRKKVDKYVEMSMVAKLEQRKWIVGTQVDAEQAKGLH
AEAEALRARKASFGEALADGTLTPAQVKDATDRVNAKLEEIDAKLARLTRSRVF
DGLLGHDDLEKVWLGLDLERKRAIIESLCDKIVIQHVGQTGRSAAKLPLGHAIKI
HWHDPSND

52

Rey

ATGACAGCGACCCTCGAGCGACACCTCGACACCCCGCAGCAGGAGGCCCT
GCGGGTGGGTGTCTACCTGCGCATGTCCACCGACAAGGAGCTGGGCATCG
ATCGCCAGCGCGAGGACTGCCTGGCGCTGGCTGAGCGTCTGGGCTGGGTT
CCCGTCGAGTACATCGACAACGACCGCAGCGCCACCAAGGAGAACGTCAA
GCGCGAAGGCTTCGATGCGCTGAGCGAGGACATCCGCGATGGCCGGATC
GACAGCATCATCACGTGGCGCAGCGACCGGCTGTACCGAAAGATGAAGG
ATCTACTCCCCCTGATCGATCTGATCCAGGGTGTTAATAAGACAGGCAAGC
GGATCCCCATCGAAACCTGCCAGACTGGCCTGATCGATCTCACCACCGACG
CCGGTCGGATGACAGCGAAGATCCTTGCCGCTGTCTCGGAGAACGAGGGC
GAGGTAAGGACGGCGCGACAGATGCGAGCCTACGAGCAGATCGCCGACA
GTGGCCGTCGCCTGGGCGCTCCCGCGTTCGGCTGGACCCATGACCCCAGG
GACCCGCAGATCGTGCCCGAGGAGGCCGCTGCGATCCGGCAGGCGTACG
CCGACGTGCTCGCTGGCTGCACCCTCTACTCCATCGCGAAGAAGTGGAACG
AGGACGGTCTGCGCACCACGCGTGGCAACCAGTTCGTCGGGTCGGTCGTC
GGGAAGATCCTGCGAAGCCCCCGCAATGCGGGCCTGCTGACCTTCAGGGA
CGAGATCGTGGGCGAAGGCACCTGGGAGCCCATCGTTGATCGGGAAACCT
GGGAGGCAGCCTGTGCGGTGCTCGACCAGAAGAACACCGGCAAGAAGGG
TCCACGTGTACGGTCGACCCTCCTGTCGGGGATCGTGCGCTGCGGTGCCTG
CGGCAACAAGATGGCTGCCGGGAAGAACTCCAACGGTGAGCCCATCTACA
AGTGCAAGCGCTACGAGGTCTGCAAGCACGGTGTTACCCGTGTGCGTAAG
AAGGTCGACAAGTATGTCGAGATGTCCATGGTGGCGAAGCTGGAGCAGC
GCAAGTGGATTGTCGGCACCCAGGTCGACGCGGAGCAGGCCAAGGGGCT
TCACGCTGAGGCTGAAGCTCTACGCGCTCGCAAGGCATCGTTCGGTGAGG
CCCTGGCCGACGGCACCCTCACACCGGCTCAGGTGAAGGACGCCACCGAC
CGGGTGAACGCCAAGCTGGAAGAGATCGATGCCAAGCTAGCCCGCCTTAC
ACGATCTCGCGTGTTCGACGGGCTGCTCGGTCATGACGATCTTGAAAAGGT
TTGGCTGGGACTGGATCTCGAGCGTAAGCGTGCGATCATCGAGTCGCTAT
GCGACAAGATCGTGATCCAGCATGTCGGGCAGACGGGTCGCTCTGCGGCC
AAACTGCCCCTCGGTCACGCCATCAAGATCCACTGGCATGATCCCAGCAAC
GACTGA

53

Sarfire

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTSRAKPAVATPSLLLRVLFCAVCGEPAYKFD
AGRKIPRYRCRSFGFAVRCGNGTVPIAEWDAFCEEQVLDLLGDSERLEKVWYV
AGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQEELEG
LEARPSGWEWRETGQRFGDWWRDQDTAGKNTWLRSMNVRLTFDVRGGL
TRTIDFGDLQEYEQHLRLGSALDLVNAEKPPTGR

54

Sarfire

ATGAGAGCACTGGTAGTCATCCGCCTGTCCCGCGTCACCGATGCTACGACT
TCACCGGAGCGCCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCAGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCCCGGTGGCTAGCGTTC
GAGGAGCAGCCGTTCGATGTGATCGTGGCGTACCGGGTGGACCGGTTGAC
CCGATCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCCGAGGACCACA
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AGAAGCTGGTCGTCTCCGCAACCGAAGCACACTTCGACACGACGACGCCG
TTCGCAGCAGTCGTCATCGCGCTTATGGGAACGGTGGCACAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCGCATTTCAATATCCGCG
CCGGGAAATACCGCGGCTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCGGACCCTGTGCAGCGAGAGCGCA
TCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGG
TGGCCCACGACCTGAACCGGCGAGGCGTCCTGTCGCCTAAGGACTACTTC
GCGAAGCTGCAGGGCCGCGAGCCGCAGGGCCGGGAGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCTGAGGCGATGCTCGGGTACGCGACGCTG
AACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGLTG
AGCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCTCCCGGGCAAAGCCCGCAGTGGCTACTCCGTCGCTGCTGCTGCG
GGTGTTGTTCTGCGCGGTGTGCGGGGAGCCCGCGTACAAGTTCGACGCCG
GTCGGAAGATCCCCCGCTACCGCTGCCGGTCGTTCGGGTTCGCGGTTCGCT
GCGGGAACGGCACGGTGCCGATCGCGGAGTGGGACGCGTTCTGCGAGGA
GCAGGTGCTCGATCTGCTCGGGGATTCGGAGCGGCTGGAGAAAGTCTGG
GTAGCCGGCTCGGACTCCGCGGTAGAACTCGCGGAGGTGAACGCGGAGC
TGGTGGATCTGACGTCGCTGATCGGCTCCCCGGCATACCGGGCCGGTTCTC
CGCAGCGGGAGGCACTGGACGCTCGTATCGCAGCGCTGGCCGCACGGCA
GGAGGAGCTGGAAGGGCTAGAGGCTCGCCCGTCGGGTTGGGAGTGGCGC
GAAACCGGTCAGAGGTTCGGGGACTGGTGGCGGGATCAGGACACCGCAG
GTAAGAACACCTGGCTACGGTCGATGAACGTTCGGCTGACGTTCGACGTC
CGCGGTGGTCTGACTCGCACGATCGACTTCGGTGATCTGCAGGAGTACGA
GCAGCATCTGAGGCTGGGCTCGGCTCTAGACCTCGTAAACGCAGAAAAGC
CCCCTACGGGTCGCTAG

55

Scowl

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLSFEDQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAQLQGREPQGRAWSATALKRSLISEAMLGYTTLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRTKPAVSAPSLLLRVLFCAVCGEPAYKFD
AGRKIPRYRCRSFGFAQRCGNGTIPIAEWDAFCEEQVLDLLGDSERLEKVWVA
GSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDSRIAALAARQEELEGLE
ARPSGWEWRETGQRFGDWWREQDIAAKNTWLRSMNVRLTFDVRGGLTRT
IDFGDLQEYEQHLRLGSVVERLHTGMS

56

Scowl

ATGAGAGCACTGGTAGTCATCCGACTGTCCCGCGTCACCGATGCTACGACC
TCACCGGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCAGAGGATCTGGACGTCTCGGGAGCAGTCG
ATCCGTTCGACCGGAAGCGTCGCCCGAACCTGGCCCGGTGGCTGTCGTTC
GAGGATCAACCGTTCGATGTGATCGTGGCGTACCGGGTAGACCGGTTGAC
CCGCTCGATCCGGCATCTTCAGCAGCTGGTCCACTGGGCCGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCGCACTTCGATACGACGACGCCG
TTCGCAGCAGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCGGCGCATTTCAATATCCGCG
CCGGGAAATACCGAGGCTCCCTGCCGCCGTGGGGATACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCAGACCCGGTGCAGCGAGAGCGCA
TCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGG
TGGCCCACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTTC
GCGCAGCTGCAGGGCAGGGAGCCGCAGGGCCGGGCGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCTGAGGCGATGCTCGGGTATACGACGCTG
AACGGCAAGACCGTCCGAGACGACGACGGGGCTCCGCTGGTGCGGGCTG
AGCCGATCCTGACCCGCGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCGACCGGACCAAGCCCGCAGTGTCCGCACCGTCGCTGCTGCTGCG
GGTGTTGTTCTGCGCGGTGTGCGGGGAGCCTGCCTACAAGTTCGACGCCG
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GCCGGAAGATCCCCCGCTACCGCTGCAGGTCGTTCGGGTTCGCACAGCGC
TGCGGGAACGGCACCATACCGATCGCAGAGTGGGACGCATTCTGCGAGG
AGCAGGTGCTGGATCTGCTCGGGGACTCGGAGCGTCTGGAGAAAGTCTG
GGTAGCAGGCTCGGACTCGGCAGTCGAACTCGCAGAGGTGAACGCAGAG
CTGGTGGACCTGACGTCGCTGATCGGCTCTCCGGCATACCGGGTCGGTTCT
CCGCAGCGCGAGGCACTCGACTCCCGGATCGCAGCACTGGCCGCACGGCA
GGAGGAGTTGGAAGGGCTGGAGGCACGTCCGTCGGGTTGGGAGTGGCGC
GAAACCGGGCAGCGGTTCGGGGACTGGTGGCGGGAGCAGGACATCGCAG
CAAAGAACACCTGGCTTCGGTCGATGAACGTTCGGTTGACGTTCGACGTCC
GCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGTACGA
GCAGCATCTCAGGCTCGGCAGCGTGGTCGAACGGCTACACACCGGGATGT
CGTAG

57

Severus

MPSKRALLVIRLSRVTDATTSPERQLADCQALCAQRGYEVAGVAEDLDVSGSI
DPFDRKKRPNLAHWLHDRHNEFDVVVAYRVDRLTRSVRYLQKLVNWAEDH
DKLVVSATEPHFDTTSPFAAVLIALLGTVAQMELEAIAERNRSAARHNIRAGKY
RGSKPPWGYMPQRDDEGVWRLVQDPDQVKIIHEVVQRVLEGEPTQRIANDL
TLRGIPTPKDAFAISQGRKPEGLAWNMTTLKRSLKSEAMLGRVTNAAGKSIRK
EDGAPVIRSTPILTREVFDRVQVELETRARSGGPTTRSTALLLRVIYCAICGMPA
YQYSGGTSGKASRYRCSSSPRSNTDPNIKKCGNRTFAVAEADAVVVKTLLGLL
GDSERKEKIWESGCDHSAELADLDATLADLTDQLGTGVFARGTPQRARLDARI
AELAARQAALSAEAVRPAGWTWHGTGERFSDWWERQDVTAKNVWLRSM
NIQLTFDRERFYLDLGDIVQLTEQFDPQGPVAQWQGLLAAMQAEGIAGVEIR
GGEAQATPRDDDMRGALGMTGAPLVD

58

Severus

ATGCCATCGAAGAGAGCATTGCTGGTCATCCGGCTCAGCCGGGTGACGGA
TGCAACGACCTCCCCCGAGCGTCAGCTCGCGGACTGCCAGGCGCTGTGTG
CTCAGCGCGGATACGAGGTGGCAGGCGTGGCCGAGGACCTCGACGTGTC
CGGGTCCATCGACCCGTTCGACCGGAAGAAGCGGCCCAACCTGGCCCACT
GGCTCCACGACCGTCACAACGAGTTCGACGTGGTGGTTGCCTACAGGGTA
GATCGCCTCACCCGATCCGTGCGTTACCTGCAGAAGCTGGTCAACTGGGCA
GAGGACCACGACAAGCTCGTCGTCTCCGCAACCGAGCCGCACTTCGACAC
CACGAGCCCGTTCGCCGCCGTGCTGATCGCACTGCTGGGCACCGTGGCCC
AGATGGAGCTGGAGGCCATCGCAGAGCGCAACCGCTCTGCTGCCCGACAC
AACATCAGGGCAGGGAAGTACCGAGGGTCCAAGCCCCCATGGGGCTACAT
GCCCCAGAGAGACGATGAGGGGGTCTGGCGGCTGGTGCAGGACCCTGAT
CAGGTCAAGATCATTCACGAGGTCGTGCAGCGGGTGTTGGAGGGTGAGCC
GACGCAGCGGATCGCCAATGACCTGACCCTGCGCGGGATTCCGACGCCGA
AGGATGCGTTCGCGATCTCCCAGGGCCGCAAGCCCGAGGGGCTGGCGTG
GAACATGACGACGCTCAAGCGGTCGTTGAAGTCGGAGGCAATGCTCGGCC
GCGTGACGAACGCGGCGGGGAAGTCCATCCGGAAGGAGGACGGGGCCCC
GGTGATCCGGTCCACCCCGATCCTGACGAGAGAGGTGTTCGACCGGGTGC
AGGTCGAGCTTGAGACTCGGGCTCGGAGCGGAGGTCCGACGACGCGATC
TACCGCACTGCTGCTGCGGGTGATCTACTGCGCAATCTGCGGTATGCCCGC
ATACCAGTACAGCGGTGGTACCAGCGGCAAGGCATCTCGGTACCGGTGCA
GCTCGTCTCCCCGGAGCAACACAGACCCGAACATCAAGAAGTGCGGTAAC
CGAACATTCGCGGTGGCCGAGGCCGACGCAGTGGTGGTCAAGACCCTGCT
GGGTCTGCTCGGTGACTCCGAGCGCAAGGAGAAGATCTGGGAATCCGGCT
GTGACCACTCGGCAGAGCTGGCCGACCTCGACGCCACGCTGGCCGATCTG
ACCGACCAGCTTGGTACCGGAGTGTTCGCCAGGGGGACGCCACAGCGGG
CCCGTCTGGACGCCAGGATCGCAGAGCTGGCCGCGAGGCAGGCTGCCCTA
TCGGCAGAGGCCGTTCGGCCCGCAGGATGGACGTGGCACGGCACTGGTG
AGCGTTTCAGTGATTGGTGGGAGCGGCAGGACGTTACCGCGAAGAATGTC
TGGCTGCGGTCGATGAACATCCAACTCACGTTCGACCGTGAGCGGTTCTAT
CTCGACCTCGGAGACATCGTCCAACTGACCGAGCAGTTTGACCCGCAGGG
CCCGGTGGCCCAGTGGCAGGGTCTGCTCGCAGCGATGCAAGCCGAAGGC
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ATTGCCGGCGTGGAGATTCGAGGGGGTGAAGCACAGGCGACACCGAGGG
ATGACGACATGAGAGGGGCCCTCGGAATGACAGGAGCCCCCCTGGTCGAT
TAG

59

Sheen

MRVLGRLRLSRSTEESTSIERQREIVTAWADSNGHTVVGWAEDVDVSGAVDP
FDTPSLGPWLDERRGEWDILCAWKLDRLGRDAIRLNKLFLWCQENGKTVAST
SEGIDLGTPVGRLIANVIAFLAEGEREAIRERVTSSKQKLREVGRWGGGKPPFG

YMGIPNPDGQGYILVVDPIAKPVVRRIVDDVVDGKPLTRLCAELTEERYLTPAE

YYATLKAGAPRQQADPGEVIAKWRPTAVRNLLRSKALRGHAHHRGQTVRDD
QGRPVRLAEPLVDSDEWELLQETLDGIQADFSGRRVEGASPLSGVAVCMTCG
RPLHFSRHMVKRPYGDYPYQYYRCQDRHGKNVPADVLDELVEENFLLKVGDY
PVRERVWVQGDTNWADMKEAVAAYDELVQAAGRAKSATAKERLQRQLDA

LDTRIAELESAPATEAHWEYRETGSTYRDAWENSDTDQRRELLKKSGITVAVGI
DGVEGRRSKHNPGALRFDIRVPAELTQRLGAS

60

Sheen

ATGCGTGTACTAGGTAGACTGCGTCTGTCCAGGTCAACGGAGGAATCTAC
CTCCATCGAGAGGCAACGAGAGATCGTCACCGCATGGGCCGATTCTAACG
GCCACACGGTCGTCGGTTGGGCAGAGGACGTTGACGTCTCGGGTGCAGTG
GACCCGTTCGACACACCGTCGCTGGGGCCGTGGCTGGATGAGCGCCGGG
GCGAGTGGGACATCCTCTGCGCCTGGAAACTGGACCGCCTGGGTCGTGAT
GCCATCCGGCTCAACAAGCTGTTCCTGTGGTGCCAGGAGAACGGCAAGAC
GGTGGCGTCCACGAGTGAGGGTATCGACCTCGGTACGCCGGTTGGTCGGC
TCATCGCAAACGTGATCGCGTTCCTTGCCGAGGGTGAGCGTGAGGCCATC
CGGGAGAGGGTCACGTCCTCGAAGCAGAAGCTGCGGGAGGTAGGTCGGT
GGGGTGGCGGTAAGCCGCCCTTCGGTTACATGGGCATCCCCAACCCCGAC
GGACAGGGCTACATCCTCGTGGTCGATCCCATCGCCAAGCCGGTGGTGCG
CCGGATCGTGGACGACGTTGTCGACGGCAAGCCGCTGACGCGGCTGTGCG
CCGAGCTGACCGAGGAGCGGTACCTGACGCCTGCGGAGTACTACGCCACC
CTCAAGGCCGGTGCCCCGAGGCAGCAGGCCGACCCCGGTGAGGTGATCG
CCAAGTGGCGTCCGACCGCCGTCCGCAACCTGCTCCGCAGCAAAGCCCTCC
GGGGGCACGCCCACCACAGGGGACAGACCGTCAGAGACGACCAGGGACG
CCCTGTGCGGCTCGCTGAGCCGCTTGTGGACTCCGATGAATGGGAGTTGC
TGCAGGAGACTCTGGACGGCATCCAGGCAGACTTCTCCGGTCGTCGGGTC
GAGGGGGCAAGCCCGCTCTCCGGTGTCGCCGTCTGCATGACGTGCGGACG
CCCCCTGCACTTCTCCCGGCACATGGTGAAGCGCCCCTACGGCGACTACCC
GTACCAGTACTACCGCTGCCAGGACCGGCACGGGAAGAACGTGCCCGCCG
ACGTACTCGATGAATTGGTCGAGGAGAACTTCCTCCTGAAGGTGGGCGAC
TACCCGGTGCGTGAGCGGGTGTGGGTCCAGGGTGACACCAACTGGGCCG
ACATGAAGGAGGCAGTAGCCGCATACGACGAACTGGTGCAGGCCGCTGG
CCGTGCTAAGTCGGCAACCGCCAAGGAACGCCTGCAGCGCCAACTGGACG
CCCTCGATACCCGCATCGCAGAGCTGGAGTCGGCCCCGGCAACCGAGGCC
CACTGGGAGTACCGGGAAACCGGTAGCACCTACCGGGACGCCTGGGAGA
ACTCCGACACCGATCAGCGCCGGGAGCTGTTGAAGAAGTCTGGCATCACC
GTGGCCGTCGGCATCGACGGCGTGGAAGGCCGTCGCTCCAAACACAATCC
CGGTGCCCTGCGCTTCGACATCCGAGTGCCGGCAGAACTGACCCAGCGCC
TGGGAGCGTCCTGA

61

SkiPole

MRALVVIRLSRVTDATTSPERQLESCRQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAAPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFA
GGGRKHPRYRCRSMGFPKHCGNGTVAMAEWDAFCEEQVLDLLGDAERLEK
VWVAGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQE
ELEGLEARPSGWEWRETGQRFGDWWRDQDTAGKNTWLRSMNVRLTFDVR
GGLTRTIDFGDLQEYEQHLRLGAALDLVNAEKPPTGR
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62

SkiPole

ATGAGAGCTCTCGTCGTGATCCGCTTGTCCCGCGTCACCGATGCTACGACC
TCACCGGAGCGTCAGCTGGAGTCTTGCCGGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCAGACCGAACCTGGCACGGTGGCTAGCATTC
GAGGAGCAACCGTTCGACGTCATCGTGGCGTACCGGGTGGACCGGTTGAC
CCGCTCGATCCGGCATCTTCAGCAGCTGGTCCACTGGGCGGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCCCACTTCGACACGACGACGCCG
TTCGCGGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCACATTTCAATATTCGCG
CCGGGAAATACCGCGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGCGAGCGCA
TCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGG
TGGCACACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTTC
GCAAAGCTGCAAGGTCGCGAGCCGCAGGGGCGGGAGTGGTCGGCTACCG
CACTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTG
AACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGLTG
CGCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCGACCGGACCAAGCCCGCAGTGTCTACCCCGTCGCTGCTGCTGCG
GGTGCTGTTCTGCGCAGTGTGCGGTGAGCCCGCATACAAGTTCGCAGGTG
GAGGACGCAAGCACCCGCGCTACCGCTGCCGCTCGATGGGTTTCCCGAAG
CACTGCGGTAACGGTACGGTCGCAATGGCCGAGTGGGACGCATTCTGCGA
GGAGCAGGTGCTGGATCTGCTCGGGGACGCAGAGCGTCTGGAGAAAGTC
TGGGTAGCTGGCTCGGACTCAGCAGTAGAACTCGCAGAGGTGAACGCAG
AGCTGGTGGACCTGACGTCGCTGATCGGTTCCCCGGCGTACCGGGCCGGT
TCTCCGCAGCGCGAGGCGCTGGATGCTCGTATCGCGGCGCTGGCCGCGCG
GCAGGAGGAGTTGGAAGGGCTAGAGGCTCGCCCGTCGGGCTGGGAGTGG
CGCGAAACCGGGCAGAGGTTCGGGGACTGGTGGCGGGATCAGGACACCG
CGGGTAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGAC
GTCCGAGGCGGCCTGACTCGTACGATCGACTTCGGGGATCTGCAGGAGTA
TGAGCAGCATCTGAGGCTGGGCGCGGCTCTAGACCTCGTAAACGCAGAAA
AGCCCCCTACGGGCCGCTAG

63

Switzer

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGREPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRSEPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFTG
GGRKNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGDAERLEK
VWVAGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQE
ELEGLEARPSGWEWRETGQRFGDWWRDQDTAAKNTWLRSMNVRLTFDVR
GGLTRTIDFGDLQEYEQHLRLGSVVERLHTGMS

64

Switzer

ATGAGAGCACTGGTAGTCATCCGCCTGTCCCGCGTCACCGATGCTACGACT
TCACCGGAGCGTCAGCTGGAGTCTTGCCAGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAAGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCACGGTGGCTAGCATTC
GAGGAGCAACCGTTCGATGTCATCGTGGCGTACCGGGTAGACCGGCTGAC
CCGATCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCCGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCCCACTTCGACACGACGACGCCG
TTCGCGGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCACATTTCAATATCCGCG
CCGGGAAATACCGAGGTTCCCTGCCGCCGTGGGGATACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGAGAGCGC
ATCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTG
GTGGCCCACGACCTGAACCGGCGTGGTGTCCTGTCGCCTAAGGACTACTTC

58
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GCGAAGCTGCAAGGCCGAGAGCCGCAGGGCCGGGAGTGGTCGGCTACCG
CGCTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTG
AACGGTAAGACCGTACGAGACGACGACGGGGCTCCGCTGGTGCGGTCTG
AGCCGATCCTGACCCGCGAGCAACTAGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCGACCGGACCAAGCCCGCAGTGTCTACTCCGTCGCTGCTGCTGCG
GGTGCTGTTCTGCGCAGTGTGCGGGGAGCCCGCATACAAGTTCACCGGTG
GCGGTAGGAAGAACGCACGCTACCGCTGCCGGTCGTGGGGCTGGGCGCA
GCGGTGCGGGAACGGAACGGTCGCGATGGCTGAGTGGGACGCGTTCTGC
GAGGAGCAGGTGCTGGATCTGCTCGGTGACGCAGAGCGTCTGGAGAAAG
TCTGGGTAGCCGGTTCGGACTCGGCGGTCGAACTCGCAGAGGTGAACGCG
GAGCTGGTGGACCTGACGTCGCTGATCGGTTCTCCGGCCTACCGGGCAGG
TTCTCCGCAGCGCGAGGCGCTGGATGCTCGTATCGCGGCGCTGGCCGCGL
GGCAGGAGGAGTTGGAAGGGCTAGAGGCTCGCCCGTCGGGCTGGGAGTG
GCGCGAAACCGGTCAGAGGTTCGGTGACTGGTGGCGGGATCAGGACACC
GCGGCAAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGA
CGTCCGCGGCGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGT
ACGAGCAGCATCTCAGGCTCGGTAGCGTGGTCGAACGGCTACACACCGGT
ATGTCGTAG

65

Theia

MRVLGRIRLSRMMEESTSVERQREFIETWARQNDHEIVGWAEDLDVSGSVD
PFDTQGLGPWLKEPKLREWDILCAWKLDRLARRAVPLHKLFGMCQDEQKVL
VCVSDNIDLSTWVGRLVASVIAGVAEGELEAIRERTLSSQRKLRELGRWAGGK
PAYGFKAQEREDSAGYELVHDEHAANVMLGVIEKVLAGQSTESVARELNEAG
ELAPSDYIRARAGRKTRGTKWSNAQIRQLLKSKTLLGHVTHNGATVRDDDGIP
IRKGPALISEEKFDQLQAALDARSFKVTNRSAKASPLLGVAICGLCGRPMHIRQ
HRRNGNLYRYYRCDSGSHSGGGGAAPEHPSNIIKADDLEALVEEHFLDEVGRF
NVQEKVYVPASDHRAELDEAVRAVEELTQLLGTMTSATMKSRLMGQLTALD
ERIARLENLPSEEARWDYRATDQTYAEAWEEADTEGRRQLLIRSGITAEVKVT
GGDRGVRGVLEFHLKVPEDVRERLSA

66

Theia

ATGCGGGTTCTTGGGAGAATACGACTCTCCAGAATGATGGAGGAGTCTAC
CAGTGTGGAACGCCAACGTGAGTTCATCGAGACGTGGGCGCGGCAGAAC
GATCACGAAATCGTCGGATGGGCTGAGGACCTGGACGTGTCCGGCTCGGT
CGATCCGTTCGACACGCAGGGGCTAGGTCCGTGGCTCAAGGAGCCGAAGC
TCAGGGAGTGGGACATCCTCTGCGCCTGGAAGCTGGACCGACTTGCTCGA
CGCGCCGTACCGCTGCACAAACTGTTCGGGATGTGCCAGGACGAGCAAAA
GGTCCTCGTGTGCGTCAGCGACAACATCGACCTGTCGACGTGGGTCGGAC
GCCTCGTGGCGTCGGTCATCGCAGGTGTTGCCGAGGGAGAGCTGGAGGC
GATCAGGGAGCGGACTCTGTCATCCCAGCGGAAGCTTCGGGAGCTTGGCC
GGTGGGCCGGTGGTAAACCTGCCTACGGCTTCAAGGCACAGGAGCGGGA
GGACTCAGCCGGGTACGAGCTGGTGCATGACGAGCACGCGGCCAACGTG
ATGCTCGGTGTCATCGAGAAGGTGCTGGCCGGTCAGTCGACGGAGTCTGT
CGCCAGGGAGCTCAACGAGGCAGGGGAGCTGGCACCGTCCGACTACATC
AGGGCCAGGGCCGGTCGCAAGACCAGGGGCACGAAGTGGAGCAACGCTC
AGATCCGGCAGCTCCTCAAGTCCAAGACTCTGCTCGGGCACGTCACCCACA
ACGGGGCCACCGTGCGGGACGACGACGGCATACCGATCCGGAAGGGTCC
TGCGCTCATCTCAGAGGAGAAGTTCGATCAGCTCCAGGCCGCGCTCGATG
CGCGGTCGTTCAAGGTCACCAACCGATCAGCCAAGGCGTCCCCTCTGCTCG
GGGTGGCGATCTGTGGCCTGTGCGGTCGTCCGATGCACATACGTCAGCAT
CGTCGCAACGGCAACCTCTATCGGTACTACCGCTGCGATAGCGGCAGCCAC
TCCGGAGGCGGCGGTGCCGCCCCTGAACACCCGTCGAACATCATCAAGGC
CGACGACCTGGAGGCCCTGGTCGAGGAACACTTCCTAGACGAAGTCGGCA
GGTTCAACGTGCAGGAGAAGGTGTACGTCCCAGCGTCCGATCACCGGGCA
GAGCTGGACGAGGCTGTACGGGCCGTAGAGGAACTGACGCAGCTTCTCG
GGACGATGACATCGGCCACGATGAAATCTCGCCTAATGGGCCAACTCACG
GCGCTAGACGAGCGCATCGCGAGACTGGAGAACCTCCCGAGTGAGGAAG
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CCCGATGGGACTACCGTGCAACCGACCAGACGTACGCCGAAGCGTGGGA
GGAAGCCGACACCGAAGGCAGACGGCAGCTCCTCATCAGATCCGGAATCA
CCGCTGAGGTCAAGGTGACTGGCGGTGACCGAGGAGTCAGGGGTGTGCT
GGAGTTTCACCTGAAGGTCCCCGAGGACGTGAGAGAACGCCTCTCCGCTT
AA

MRALVVIRLSRVTDATTSPERQLESCRQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSTAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVSDPVQRERILEVYHRVVDNHEPLHQIAHDLNQR
GLPSPKDYFAKLQGREPKGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRTKPAVATPSLLLRVLFCAVCGEPAYKFT
GGGRKNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGGSERLE
KVWVAGSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQ,
EELEGLEARPSGWEWRETGQRFGDWWREQGTAAKNTWLRSMNVRLTFDV
RGGLTRTIDFGDLQEYEQHLRLGSVVERLHAGMS

ATGAGAGCACTGGTAGTCATCCGACTGTCCCGCGTCACCGATGCTACGACC
TCACCGGAGCGCCAGCTGGAGTCTTGCCGACAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCCGCCCGAACCTGGCACGGTGGCTAGCATTC
GAGGAGCAACCGTTCGATGTGATCGTGGCGTACCGGGTAGACCGGTTGAC
CCGATCGATCCGGCATCTGCAGCAGCTGGTCCACTGGGCTGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCGCACTTCGATACGACGACGCCG
TTCGCGGCGGTCGTGATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGCTCGACTGCACATTTCAATATCCGCG
CCGGGAAATACCGAGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGTCGGACCCGGTGCAGCGCGAACGCA
TCCTCGAGGTCTATCACCGCGTCGTCGACAACCACGAGCCTCTGCACCAGA
TCGCCCACGACCTGAACCAGCGCGGCCTACCGTCGCCGAAGGACTACTTCG
CGAAGCTGCAGGGCCGAGAGCCCAAGGGTCGGGAGTGGTCGGCTACCGC
GCTGAAGCGGTCGCTGATCTCGGAGGCGATGCTCGGGTACGCGACGCTGA
ACGGTAAGACCGTCCGAGACGACGACGGCGCCCCGCTGGTGCGGGCCGA
GCCGATCCTGACGCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTCA
AGACCGACCGGACCAAGCCCGCAGTGGCTACTCCGTCGCTGCTGCTGCGG
GTGTTGTTCTGCGCAGTGTGCGGTGAGCCCGCGTACAAGTTCACCGGTGG
CGGTAGGAAGAACGCTCGCTACCGCTGCCGGTCGTGGGGATGGGCGCAG
CGGTGCGGCAACGGAACGGTCGCGATGGCGGAGTGGGATGCGTTCTGCG
AGGAGCAGGTGCTGGATCTGCTCGGTGGCTCGGAGCGTCTGGAGAAAGT
CTGGGTAGCAGGCTCGGACTCGGCAGTCGAACTCGCAGAGGTGAACGCA
GAGCTGGTGGACCTGACGTCGCTGATCGGTTCCCCCGCATACCGGGTCGG
TTCTCCGCAGCGCGAGGCACTGGATGCTCGTATCGCGGCACTGGCCGCAC
GGCAGGAGGAGTTGGAAGGGCTGGAGGCTCGCCCGTCGGGTTGGGAGTG
GCGCGAGACTGGGCAGAGGTTCGGTGACTGGTGGCGGGAGCAGGGTACC
GCGGCAAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGA
CGTCCGCGGTGGGCTGACTCGCACGATCGACTTCGGGGATCTGCAGGAGT
ACGAGCAGCATCTCAGGCTCGGTAGCGTGGTCGAACGGCTACACGCAGGG
ATGTCGTAG

WO 2017/127612
67 Trouble
68 Trouble
69 Veracruz

MYPTFVRVLGRLRLSRSTEESTSIERQREIVTAWADSNGHTVVGWAEDVDVS
GAIDPFDTPSLGVWLDERRGEWDILCAWKLDRLGRDAIRLNKLFLWCQEHGK
TVTSCSEGIDLGTPVGRLIANVIAFLAEGEREAIRERVASSKQKLREIGRWGGGK
PPFGYMGVRNPDGQGHILVVDPVAKPVVRRIVEDILEGKPLTRLCTELTEERYL
TPAEYYATLKAGAPRQQAEEGEVTAKWRPTAVRNLLRSKALRGHAHHKGQT
VRDDQGRAIQLAEPLVDADEWELLQETLDGIAADFSGRRVEGASPLSGVAVC
MTCDKPLHHDRYLVKRPYGDYPYRYYRCRDRHGKNVPAETLEELVEDAFLQR
VGDFPVRERVWVQGDTNWADLKEAVAAYDELVQAAGRAKSATARERLQRQ
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LDILDERIAELESAPNTEAHWEYQPTGGTYRDAWENSDADERRELLRRSGIVV
AVHIDGVEGRRSKHNPGALHFDIRVPHELTQRLIAP

70

Veracruz

ATGTATCCTACCTTCGTGCGTGTGTTGGGTAGACTGCGTCTGTCGAGGTCA
ACGGAGGAATCCACCTCGATTGAGAGGCAAAGGGAGATCGTCACCGCCTG
GGCCGATTCTAACGGTCACACCGTCGTCGGATGGGCAGAGGACGTAGACG
TATCGGGTGCCATCGACCCCTTCGACACCCCGTCTCTGGGGGTGTGGTTGG
ACGAGCGCCGGGGCGAGTGGGACATCCTGTGCGCCTGGAAACTGGACCG
CCTGGGCCGTGATGCCATCCGGCTGAACAAGCTCTTCCTGTGGTGCCAGGA
GCACGGCAAGACGGTGACATCGTGCAGTGAGGGAATCGACCTCGGCACG
CCGGTCGGCCGGCTCATCGCCAACGTGATCGCATTCCTGGCCGAGGGGGA
GCGGGAGGCCATCCGCGAGCGGGTCGCATCCTCGAAGCAGAAGCTGCGC
GAGATCGGTCGGTGGGGTGGCGGTAAGCCGCCCTTCGGATACATGGGTG
TCCGCAACCCAGACGGACAGGGACACATCCTTGTGGTCGATCCCGTCGCA
AAGCCAGTCGTGCGCCGGATCGTGGAGGACATCCTGGAGGGCAAGCCGC
TCACGCGGCTCTGCACCGAGCTGACCGAGGAGCGGTACCTGACCCCTGCG
GAGTACTACGCCACCCTCAAGGCCGGTGCCCCGAGGCAGCAGGCCGAGG
AGGGGGAGGTGACCGCCAAGTGGCGTCCGACCGCCGTCAGGAACCTGCT
CCGCAGCAAAGCCCTCCGGGGCCACGCCCATCACAAGGGCCAGACCGTCA
GAGACGACCAGGGGAGGGCTATCCAGCTCGCTGAGCCCCTTGTCGACGCC
GACGAGTGGGAGTTGCTGCAGGAAACCCTGGACGGTATCGCCGCCGACTT
CTCCGGTCGGCGCGTCGAGGGTGCCAGCCCGCTCTCCGGTGTCGCAGTCT
GCATGACGTGTGACAAGCCCCTGCACCATGACCGGTATCTGGTGAAGAGG
CCCTACGGTGACTACCCCTACCGGTACTACCGGTGCCGTGATCGGCACGGC
AAGAACGTCCCAGCCGAAACCCTGGAGGAGTTGGTCGAGGACGCATTCCT
GCAGCGCGTAGGTGACTTCCCGGTGCGCGAGCGGGTGTGGGTCCAGGGT
GACACCAACTGGGCAGACCTGAAGGAGGCAGTGGCAGCGTATGACGAAC
TGGTGCAGGCCGCTGGCCGTGCCAAGTCGGCCACGGCGCGAGAGCGCLCTC
CAGAGGCAACTGGACATCCTGGACGAGCGGATCGCGGAGCTGGAGTCCG
CACCGAACACCGAGGCCCACTGGGAGTACCAGCCGACCGGAGGGACCTAC
CGGGACGCCTGGGAGAACTCCGACGCCGACGAGCGCCGCGAGCTACTGC
GGCGGTCCGGGATCGTCGTGGCGGTCCACATCGACGGCGTGGAAGGCCG
ACGCTCCAAGCACAACCCCGGAGCCCTCCACTTCGACATCCGGGTCCCGCA
CGAACTGACACAGAGACTCATCGCCCCATGA

71

Lockley

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKLI
VSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRGS
LPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAKLQGRDPQGREWSATALKRSLISEAMLGYATLNGKTVRDDDG
APLVRAEPILTREQLEALRAELVKTDRTKPAVSTPSLLLRVLFCAVCGEPAYKFTG
GGRRNARYRCRSWGWAQRCGNGTVAMAEWDAFCEEQVLDLLGDAERLEK
VWVAGSDSAVELAEVNAELVDLTSLIGSPAYRVGSPQREALDARIAALAARQE
ELEGLEARPSGWEWRETGQRFGDWWREQDTSGKNTWLRSMNVRLTFDVR
GGLTRTIDFGDLQEYEQHLRLGSVVERLHTGMS

72

Lockley

ATGAGAGCTCTCGTCGTGATCCGCTTGTCCCGCGTCACCGATGCTACGACC
TCACCGGAGCGTCAGCTGGAGTCTTGCCGGCAGCTCTGCGCCCAGCGCGG
TTGGGACGTCGTCGGTGTAGCGGAGGATCTGGACGTCTCCGGAGCAGTCG
ATCCGTTCGACCGGAAGCGCAGACCGAACCTGGCACGGTGGCTAGCATTC
GAGGAGCAACCGTTCGACGTCATCGTGGCGTACCGGGTGGACCGGTTGAC
CCGCTCGATCCGGCATCTTCAGCAGCTGGTCCACTGGGCGGAGGACCACA
AGAAGCTGGTCGTCTCCGCGACCGAAGCCCACTTCGACACGACGACGCCG
TTCGCGGCGGTCGTCATCGCGCTTATGGGAACGGTGGCGCAGATGGAATT
AGAAGCGATCAAAGAGCGGAACCGTTCGGCTGCACATTTCAATATTCGCG
CCGGGAAATACCGCGGTTCCCTGCCGCCGTGGGGTTACCTGCCTACGCGC
GTGGACGGGGAGTGGCGGCTGGTGCCGGACCCGGTGCAGCGCGAGCGCA
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TCCTCGAGGTGTATCACCGCGTCGTCGACAACCACGAGCCGCTGCACCTGG
TGGCACACGACCTGAACCGGCGTGGTGTCCTGTCGCCGAAGGACTACTTC
GCAAAGCTGCAAGGTCGCGAGCCGCAGGGGCGGGAGTGGTCGGCTACCG
CACTGAAGCGCTCGCTGATCTCCGAGGCGATGCTCGGGTACGCGACTCTG
AACGGTAAGACCGTCCGAGACGACGACGGAGCCCCGCTGGTGCGGGLTG
CGCCGATCCTGACCCGTGAGCAGCTGGAGGCGCTGCGCGCCGAGCTCGTC
AAGACCGACCGGACCAAGCCCGCAGTGTCTACCCCGTCGCTGCTGCTGCG
GGTGCTGTTCTGCGCAGTGTGCGGTGAGCCCGCATACAAGTTCGCAGGTG
GAGGACGCAAGCACCCGCGCTACCGCTGCCGCTCGATGGGTTTCCCGAAG
CACTGCGGTAACGGTACGGTCGCAATGGCCGAGTGGGACGCATTCTGCGA
GGAGCAGGTGCTGGATCTGCTCGGGGACGCAGAGCGTCTGGAGAAAGTC
TGGGTAGCTGGCTCGGACTCAGCAGTAGAACTCGCAGAGGTGAACGCAG
AGCTGGTGGACCTGACGTCGCTGATCGGTTCCCCGGCGTACCGGGCCGGT
TCTCCGCAGCGCGAGGCGCTGGATGCTCGTATCGCGGCGCTGGCCGCGCG
GCAGGAGGAGTTGGAAGGGCTAGAGGCTCGCCCGTCGGGCTGGGAGTGG
CGCGAAACCGGGCAGAGGTTCGGGGACTGGTGGCGGGATCAGGACACCG
CGGGTAAGAACACCTGGCTCCGGTCGATGAACGTTCGGCTGACGTTCGAC
GTCCGAGGCGGCCTGACTCGTACGATCGACTTCGGGGATCTGCAGGAGTA
TGAGCAGCATCTGAGGCTGGGCGCGGCTCTAGACCTCGTAAACGCAGAAA
AGCCCCCTACGGGCCGCTAG

73

BxB1

MRALVVIRLSRVTDATTSPERQLESCQQLCAQRGWDVVGVAEDLDVSGAVD
PFDRKRRPNLARWLAFEEQPFDVIVAYRVDRLTRSIRHLQQLVHWAEDHKKL
VVSATEAHFDTTTPFAAVVIALMGTVAQMELEAIKERNRSAAHFNIRAGKYRG
SLPPWGYLPTRVDGEWRLVPDPVQRERILEVYHRVVDNHEPLHLVAHDLNRR
GVLSPKDYFAQLQGREPQGREWSATALKRSMISEAMLGYATLNGKTVRDDD
GAPLVRAEPILTREQLEALRAELVKTSRAKPAVSTPSLLLRVLFCAVCGEPAYKF
AGGGRKHPRYRCRSMGFPKHCGNGTVAMAEWDAFCEEQVLDLLGDAERLE
KVWVAGSDSAVELAEVNAELVDLTSLIGSPAYRAGSPQREALDARIAALAARQ,
EELEGLEARPSGWEWRETGQRFGDWWREQDTAAKNTWLRSMNVRLTFDV
RGGLTRTIDFGDLQEYEQHLRLGSVVERLHTGMS

74

BxB1

ATGAGAGCACTGGTGGTCATCCGACTGAGTAGGGTCACAGACGCAACAAC
AAGCCCCGAGAGGCAGCTGGAATCATGTCAGCAGCTGTGCGCACAGCGA
GGATGGGACGTGGTCGGAGTGGCAGAGGATCTGGACGTGAGCGGCGCTG
TCGATCCATTCGACAGAAAGCGGAGGCCCAACCTGGCAAGGTGGCTGGCT
TTCGAGGAACAGCCCTTTGATGTGATCGTCGCCTACAGAGTGGACAGGCT
GACACGCTCTATTCGACATCTGCAGCAGCTGGTGCATTGGGCCGAGGACC
ACAAGAAACTGGTGGTCAGTGCAACTGAAGCCCACTTCGATACCACAACTC
CTTTTGCCGCTGTGGTCATCGCACTGATGGGCACCGTGGCCCAGATGGAG
CTGGAAGCTATCAAGGAGCGAAACCGGAGTGCAGCCCATTTCAATATTCG
GGCCGGGAAATACAGAGGATCACTGCCCCCTTGGGGCTATCTGCCTACCC
GGGTGGATGGGGAGTGGAGACTGGTGCCAGACCCCGTCCAGAGAGAGAG
GATTCTGGAAGTGTACCACAGGGTGGTCGATAACCACGAACCACTGCATCT
GGTCGCCCACGACCTGAATAGGCGCGGCGTGCTGAGCCCAAAAGATTATT
TTGCTCAGCTGCAGGGAAGGGAGCCACAGGGACGAGAATGGTCCGCTAC
CGCCCTGAAGCGGAGCATGATCAGTGAGGCTATGCTGGGCTACGCAACTC
TGAATGGGAAAACCGTCCGGGACGATGACGGAGCACCACTGGTGAGGGC
TGAGCCTATTCTGACACGCGAGCAGCTGGAAGCTCTGCGGGCAGAACTGG
TGAAAACCTCCAGAGCCAAACCTGCCGTGAGCACCCCAAGCCTGCTGCTGA
GGGTGCTGTTCTGCGCCGTCTGTGGGGAGCCAGCATACAAGTTTGCCGGC
GGGGGAAGAAAACATCCCCGCTATCGATGCCGGTCTATGGGATTCCCTAA
GCACTGTGGAAACGGCACTGTGGCTATGGCCGAGTGGGACGCCTTTTGTG
AGGAACAGGTGCTGGATCTGCTGGGAGACGCCGAGAGGCTGGAAAAAGT
GTGGGTCGCTGGCAGCGACTCCGCTGTGGAGCTGGCAGAAGTCAATGCCG
AGCTGGTGGATCTGACCTCCCTGATCGGATCTCCTGCATATAGGGCAGGCT
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CACCACAGCGAGAAGCTCTGGACGCACGAATTGCTGCACTGGCAGCTCGA
CAGGAGGAACTGGAGGGGCTGGAAGCACGACCTAGCGGATGGGAGTGG
CGAGAAACAGGCCAGCGGTTITGGGGATTGGTGGAGAGAGCAGGACACAG
CAGCCAAGAACACTTGGCTGAGAAGTATGAATGTCAGGCTGACTTTCGAT
GTGCGCGGCGGGCTGACCCGAACAATCGATTTTGGCGACCTGCAGGAGTA
TGAACAGCACCTGAGACTGGGGAGCGTGGTCGAAAGACTGCACACTGGG
ATGTCATAG

METMPQPLRALVGARVSVVQGPQKVSQQAQLETARKWAEAQGHEIVGTFE
DLGVSASVRPDERPDLGKWLTDEGASKWDVIVWSKMDRAFRSTKHCVDFA
QWAEERQKVVMFAEDNLRLDYRPGAAKGIDAMMAELFVYLGSFFAQLELNR
FKSRAQDSHRVLRQTDRWASGLPPLGYKTVPHPSGKGFGLDTDEDTKAVLYD
MAGKLLDGWSLIGIAKDLNDRGVLGSRSRARLAKGKPIDQAPWNVSTVKDAL
TNLKTQGIKMTGKGKHAKPVLDDKGEQIVLAPPTFDWDTWKQIQDAVALRE
QAPRSRVHTKNPMLGIGICGKCGATLAQQHSRKKSDKSVVYRYYRCSRTPVN
CDGVFIVADEADTLLEEAFLYEWADQPVTRRVFVPGEDHTYELEQINETIARLR
RESDAGLIVSDEDERIYLERMRSLITRRTKLEAMPRRSAGWVEETTGQTYGEA
WETEDHQQLLKDAKVKFILYSNKPRNIEVVVPQDRVAVDLAI

ATGGAGACAATGCCTCAGCCACTGAGGGCTCTGGTGGGAGCTAGAGTGA
GTGTGGTGCAGGGGCCTCAGAAAGTGTCACAGCAGGCCCAGCTGGAGAC
AGCTAGAAAGTGGGCCGAGGCTCAGGGCCACGAAATCGTGGGGACTTTT
GAAGATCTGGGCGTGAGCGCTTCCGTGAGGCCAGATGAGCGCCCCGACCT
GGGGAAGTGGCTGACAGATGAAGGAGCCAGCAAATGGGACGTGATTGTG
TGGTCCAAGATGGATCGCGCCTTCCGGTCTACCAAACATTGCGTGGACTTT
GCCCAGTGGGCTGAGGAAAGACAGAAGGTGGTCATGTTCGCCGAGGATA
ACCTGCGGCTGGACTACAGACCTGGAGCCGCTAAAGGCATCGACGCCATG
ATGGCTGAGCTGTTTGTGTATCTGGGGAGTTTCTTTGCCCAGCTGGAACTG
AATAGGTTCAAGTCCCGCGCTCAGGATTCTCACAGAGTGCTGAGGCAGAC
TGACAGATGGGCTAGCGGACTGCCCCCTCTGGGCTACAAAACCGTGCCCC
ATCCTTCCGGCAAGGGGTTTGGACTGGACACAGATGAGGACACTAAAGCC
GTGCTGTATGATATGGCTGGGAAGCTGCTGGACGGATGGTCCCTGATCGG
CATTGCCAAAGATCTGAACGACCGCGGGGTGCTGGGATCTCGGAGTAGAG
CCAGGCTGGCTAAAGGCAAGCCTATCGATCAGGCCCCATGGAACGTGTCT
ACCGTGAAGGACGCTCTGACCAATCTGAAAACACAGGGAATTAAGATGAC
AGGCAAAGGGAAGCACGCCAAACCAGTGCTGGACGATAAGGGAGAGCAG
ATCGTGCTGGCTCCACCAACTTTCGATTGGGACACCTGGAAACAGATTCAG
GATGCTGTGGCTCTGAGGGAACAGGCTCCTCGCAGCCGGGTGCACACTAA
AAACCCAATGCTGGGAATCGGCATTTGCGGCAAGTGTGGAGCTACCCTGG
CTCAGCAGCATTCACGCAAAAAGTCAGATAAGAGCGTGGTGTACCGCTAC
TATCGGTGCAGCAGAACACCCGTGAATTGTGACGGCGTGTTCATCGTGGC
CGATGAGGCTGACACTCTGCTGGAGGAAGCCTTTCTGTACGAATGGGCTG
ATCAGCCCGTGACCCGGAGAGTGTTCGTGCCTGGGGAGGACCACACCTAT
GAGCTGGAACAGATCAATGAGACAATTGCCCGGCTGAGGCGCGAAAGTG
ACGCTGGACTGATCGTGTCAGATGAGGACGAAAGAATCTACCTGGAGAGA
ATGCGGAGCCTGATCACTCGGAGAACCAAGCTGGAAGCTATGCCAAGGAG
GAGTGCTGGATGGGTGGAGGAAACCACAGGGCAGACATACGGAGAGGCC
TGGGAGACTGAAGATCATCAGCAGCTGCTGAAAGACGCTAAAGTGAAGTT
TATCCTGTATTCCAACAAGCCAAGGAATATTGAAGTGGTGGTGCCACAGG
ATAGGGTGGCTGTGGACCTGGCTATTITGA

WO 2017/127612
75 Peaches
76 Peaches
77 BxZ2

MAQPLRALVGARVSVVQGPQKVSHIAQQETGAKWVAEQGHTVVGSFKDLD
VSATVSPFERPDLGPWLSPELEGEWDILVFSKIDRMFRSTRDCVKFAEWAEAH
GKILVFAEDNMTLNYRDKDRSGSLESMMSELFIYIGSFFAQLELNRFKSRARDS
HRVLRGMDRWASGVPPLGFRIVDHPSGKGKGLDTDPEGKAILEDMAAKLLD

GWSFIRIAQDLNQRKVLTNMDKAKIAKGKPPHPNPWTVNTVIESLTSPRTQGI
KMTKHGTRGGSKIGTTVLDAEGNPIRLAPPTFDPATWKQIQEAAARRQGNRR
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SKTYTANPMLGVGHCGACGASLAQQFTHRKLADGTEVTYRTYRCGRTPLNCN
GISMRGDEADGLLEQLFLEQYGSQPVTEKVFVPGEDHSEELEQVRATIDRLRR
ESDAGLIATAEDERIYFERMKSLIDRRTRLEAQPRRASGWVTQETDKTNADEW
TKASTPDERRRLLMKQGIRFELVRGKPDPEVRLFTPGEIPEGEPLPEPSPR

78

BxZ2

ATGGCACAGCCACTGAGGGCACTGGTCGGAGCACGGGTCAGCGTCGTCCA
GGGGCCACAGAAAGTCTCCCACATCGCACAGCAGGAGACTGGAGCAAAG
TGGGTGGCAGAGCAGGGACACACCGTGGTCGGAAGCTTCAAAGACCTGG
ACGTGAGCGCCACCGTCTCTCCTTTTGAACGCCCAGATCTGGGACCCTGGC
TGTCCCCTGAGCTGGAAGGGGAGTGGGACATCCTGGTGTTCAGCAAGATT
GATAGGATGTTTAGATCCACTCGGGACTGCGTGAAGTTCGCAGAATGGGC
AGAGGCCCATGGAAAAATCCTGGTCTTTGCCGAGGACAACATGACCCTGA
ATTACCGCGACAAGGATCGAAGCGGATCCCTGGAATCTATGATGAGTGAG
CTGTTCATCTATATTGGGTCTTTCTTTGCTCAGCTGGAGCTGAACAGGTTCA
AGAGTCGCGCACGAGATTCACACCGCGTGCTGCGAGGCATGGACAGATG
GGCATCTGGAGTGCCACCTCTGGGCTTCCGGATCGTCGACCATCCCAGTGG
GAAGGGCAAAGGACTGGACACAGATCCTGAAGGCAAGGCTATTCTGGAG
GACATGGCCGCTAAACTGCTGGATGGATGGAGCTTTATCCGCATTGCACA
GGATCTGAACCAGAGGAAGGTGCTGACTAATATGGACAAGGCCAAAATCG
CTAAGGGCAAACCACCCCACCCCAACCCTTGGACAGTGAATACTGTCATCG
AGTCACTGACCAGCCCCCGCACACAGGGAATTAAGATGACTAAACATGGG
ACCAGGGGCGGATCCAAGATCGGCACCACAGTGCTGGATGCCGAGGGAA
ATCCTATTCGGCTGGCACCTCCAACCTTCGACCCAGCCACATGGAAGCAGA
TCCAGGAAGCAGCAGCTAGGAGACAGGGAAACCGGCGCAGTAAAACTTA
CACCGCCAATCCTATGCTGGGAGTGGGACACTGCGGAGCATGTGGAGCCT
CACTGGCTCAGCAGTTTACCCATAGAAAGCTGGCTGATGGCACCGAGGTC
ACATACAGGACTTATAGATGCGGACGGACACCACTGAACTGTAATGGAAT
TTCTATGCGGGGGGACGAAGCTGATGGCCTGCTGGAACAGCTGTTCCTGG
AGCAGTACGGGTCACAGCCAGTGACCGAAAAGGTGTTTGTCCCCGGCGAG
GACCACAGCGAGGAACTGGAACAGGTCAGGGCCACAATCGACAGACTGC
GAAGGGAGAGTGATGCTGGGCTGATCGCTACTGCAGAAGATGAGCGGAT
CTACTTCGAGCGCATGAAATCCCTGATTGACAGACGGACAAGGCTGGAAG
CTCAGCCACGCCGAGCATCTGGCTGGGTGACCCAGGAGACAGACAAGACT
AACGCCGATGAATGGACAAAAGCTAGCACTCCCGATGAGAGGAGACGGC
TGCTGATGAAGCAGGGGATCCGATTCGAGCTGGTGCGGGGCAAACCAGA
CCCCGAAGTCAGACTGTTCACCCCCGGCGAAATCCCCGAAGGCGAGCCCCT
GCCCGAGCCCTCCCCCAGATGATAA

79

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCACATCGAGCAGCATGCCGACCAG

80

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCAGATCGAGCAGCATGCCGACCAG

81

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCCCATCGAGCAGCATGCCGACCAG

82

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCTCATCGAGCAGCATGCCGACCAG

83

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCTGATCGAGCAGCATGCCGACCAG

84

Peaches

attB/attP

GCGGTCTCCATCGGGATCTGCTTATCGAGCAGCATGCCGACCAG

85

BxB1

attB

GGCTTGTCGACGACGGLacCCTCCGTCGTCAGGATCAT

86

BxB1

atiB

GGCTTOTCGACGACGGCagClTCCGTCGTCAGGATCAT

87

BxB1

atiB

GGCITGTCGACGACGGLecCCTCLGTCGTCAGGATCAT

88

BxB1

attB

GGCTTGTCGACGACGGLeCCTCOGTCGTCAGGATCAT

89

BxBi

atiB

GGCTTETCGACGALGECigCCTCCGTOGTCAGGATCAT

90

BxB1

attB

GGCTTGTCGACGACGGLtCCTCCGTCGTCAGGATCAT

91

BxB1

attP

GTGGTTTGTCTGGTCAACCACCGCacGLTCAGTGOTCTACGGTACAAACCC
A

92

BxB1

attP

GTGGTTTGTCTGGTCAACCACCGCagGCTCAGTGGTGTACGOTACAAALCC
A

93

BxB1

attP

GTGGTTTGTCTGGTCAACCACCGCecGCTCAGTGRTGTACGGTACAAACCE
A
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o BxB1 attP iTGGTITGTCTGGTCAACCACCG(‘,thCTCAGTGGTGTACGGTACAAACCC
o BxB1 attP f\TGGT{TGTCTGGTCAACCACCGCtgGCTCAGTGGTGTACGGTACAAACCC
96 BxB1 atiB GTGOTTTGTCTGGTCAACCACCOCHIGCTCAGTGOTOTACGGTACAAACCEA
97 Rebheuca | attB COGTATTCGGCGCGATCCGCGGLacGAAGAACATCACCCTGAACATCG
98 Rebeuca | atthB CGGTATTCGGCGCGATCCGCGGCagGAAGAACATCACCCTGAACATCG
99 Rebeuca | atiB CGGTATTCGGCGCGATCCGCGGCccGAAGAACATCACCCTGAACATCG
100 Rebeuca | attB CGGTATTCGGCGCGATCCGCGGCtcGAAGAACATCACCCTGAACATCG
101 Rebeuca | atthB CGGTATTCGGCGCGATCCGCGGCtgGAAGAACATCACCCTGAACATCG
102 Rebeuca | atiB CGGTATTCGGCGCGATCCGCGGCttGAAGAACATCACCCTGAACATCG
103 Rebeuca | attP AGAGCATCGGAGCCTTTCOGGGOATGTGATGTTCGAGacGAAGAACAT
104 Rebeuca | attP AGAGCATCGGAGCCYTTCGGOGGATGTCGATGTTCGAGagGAAGAACAT
105 Rebheuca | attP AGAGCATCGGAGCCTTTCGGGGGATGTGATGTTCGAGCCGAAGAACAT
106 Rebeuca | attP AGAGCATCGGAGCCTTTCOGGGGGATOTGATGTTCGAGIcGAAGAACAT
107 Rebeuca | attP AGAGCATCGGAGCCTTTCGGGGGATGTCGATGTTCGAGIgGAAGAACAT
108 Rebeuca | attP AGAGCATCGGAGCCTTTCGGGGGATGTGATGTTCGAGHIGAAGAACAT
109 Veracruz | attB CGGTATTCGGCGCGATCCGCGGECacGAAGAACATCACCCTGAACATCG
110 Veracruz | attB CGOTATTCGGCGCGATCCGCGGCagGAACAACATCACCCTGAACATCG
111 Veracruz | attB CGETATTCGGCGCGATCCGLGAGCccGAAGAACATCACCLTGAACATLG
112 Veracruz | atiB CGOTATTCGOCOCGATCCGCGG LU cGAAGAACATCACCITGAACATCG
113 Veracruz | attB COGGTATTCGGCGCGATCCGCGOLtgGAAGAACATCACCCTGAACATCG
114 Veracruz | attB CGGTATTCGGCGCGATCCOCGGLItGAAGAACATCACCCTGAALCATCG

attP GTATTGGGGOAACGCGATATTCGAGacGTAGAACATCACCTTCACCAAATT
115 Veracruz C
attP GTATTGGGGGAACGCGATATTCGAGagGTAGAACATCACCTTCACCAAATT

116 Veracruz C

, attP GTATTGGGGGAACGCGATATTCGAGCCGTAGAACATCACCTTCACCAAATT
117 Veracruz c

, attP GTATTGGGGGAACGCGATATTCGAGIcGTAGAACATCACCTTCACCAAATT
118 Veracruz c

, attP GTATTGGGGGAACGCGATATTCGAGIgCTAGAACATCACCTTCACCAAATT
119 Veracruz c

, GTATTGGGGGAACGCGATATTCGAGUHGTAGAACATCACCTTCACCAAATT
120 Veracruz | atiB e
121 Theia attB TGGGTGAACGCAAAGATGGGEGacCTCOATGCCGAGCTCGTCGCA
122 Theia attB TGGGTCGAACGCAAAGATGGGGagCTCGATGCCGAGCTCGTCGCA
123 Theia attB TOGGGTGAACGCAAAGATGGGGecCTCGATGCCCGAGCTCGTCGCA
124 Theia attB TOGGGTGAACGCAAAGATGGRGICCTCCGATGCCCAGCTCLTCGCA
125 Theia attB TGGGTGAACGCAAAGATGGGGtgCTCGATGCCGAGCTCGTCGCA
126 Theia attB TGGGTGAACGCAAAGATGGGGHCTCGATGCCGAGLTCGTCGCA
127 Thela attP TYGTCAAAGTCTAAAGATOGGGacCTCAATATTCATGCTTTGLGAA
128 Theia atikP TTGTCAAAGTCTAAAGATGOGGagCTCAATATTCATGCTITGCGAA
129 Theia attP TTGTCAAAGTCTAAAGATGGGGeeCTCAATATTCATGCTTTGCGAA
130 Theia attpP TIGTCAAAGTCTAAAGATG GGG CTCAATATTCATGCTTTGCGAA
131 Theia attk TTGTCAAAGTCTAAAGATCGOOGIgCTCAATATTCATGCTTTGCGAA
132 Theia attB TTGTCAAAGTCTAAAGATOGGGIICTCAATATTCATGCTTTGCGAA
133 Benedict | attB TGGGETGAACGCAAAGATGEGGEGacCTCGATGCCGAGCTCGTCGCA
134 Benedict | atiB TGGGTCAACGCAAAGATGCGGaglTCGATGCCGAGCTCGTCGCA
135 Benedict | attB TOGGGTCGAACGCAAAGATGGGGCTCOATGLCGAGCTCATCGCA
136 Benedict | atiB TOGGGTGAACGCAAAGATGGOGICCTCOATGCCGAGCTCAGTCGCA
137 Benedict | attB TOGGGTGAACGCAAAGATGGEGIgCTIGATGLCGAGCTCRTCGCA
138 Benedict | attB TGGGTGAACGCAAAGATGGEGUCTCGATGCCGAGCTCGTCGCA
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139 Benedict | attP TTCGCAAAGCCTCAAAATCGGGacCTCGATATTCATGCTTTGTGAA

140 Benedict | attP TTCGCAAAGCCTCAAAATCGGGagCTCGATATTCATGCTTTGTGAA

141 Benedict | attP TYCGCAAAGCCTCAAAATCGGGeeCTCCGATATTCATGCTTTGTGAA

142 Benadict | attP TTCGCAAAGCCTCAAAATCGGRICCTCGATATTCATGCTTTGTGAA

143 Benedict | attP TTCGCAAAGCCTCAAAATCGGGIgCTCGATATTCATGCTTTGTGAA

144 PhiC31 attB GTGCGGGTGLCAGGGLGTGLCCacGGGCTCCCCGGGCGCETACTCC

145 PhiC31 attB GTGCGGGTGCLAGGGLGTGCCag GGG LTCCCCEGGLGLETACTIC

146 PhiC31 attB GTGCGGGTGLCAGGGCGETGLLCeeGEGCTCCCCEGGLGLGTACTCC

147 PhiC31 attB GTGCGRGTGCLAGGGCGTECCLc GGG ITCCCCEGHRLGLETACTCC

148 PhiC31 attB GTGCGGGTGLCAGGGCOTELCCgGGGCTCCCCGGGCGCGTACTEC

149 PhiC31 attB GTGCGGGTGLCAGGGCGTGLCCttGGGCTCCCCGGGLGCGTACTCC

150 PhiC31 attP GTGCCCCAACTGGGOTAACCTacGAGTTCTCTCAGTTGGGEG

151 PhiC31 attP GTGCCCCAACTRGGGTAACCTagGAGTTCTCTCAGTTGGGHEG

152 PhiC31 attP GTGCCCCAACTGGGGETAACCTeeGAGTTCTCTCAGTTGGGGG

153 PhiC31 attP GTGCCCCAACTGGGGTAACCTIcGAGTTCTCTCAGTTGGGGG

154 PhiC31 attp GTGCCCCAACTGEGGTAACCTgGAGTTICTCTCAGTTGGGGEG

155 PhiC31 attB GTGCCCCAACTGGGETAACCTRGAGTTCTCTCAGTTGGGRG

160 PhiC31 MDTYAGAYDRQSRERENSSAASPATORSANEDKAADLOREVERDGGRFRFS
AFGTAERPEFERILNECRAGRLNMIVYDVSRFSRLKVMDAIPIVSELLALGVTIV
STQEGVFROGNVMDLIHLIMRLDASHKESSLKSAKILDTKNLQRELGGYVGGK
APYGFELVSETKEITRNGRMVNVVINKLAHSTTPLTGPFEFEPDVIRWWWRE]
KTHKHLPFKPGSQAAIHPGSITGLCKRMBDADAVPTRGETIGKKTASSAWDPAT
VMRILRDPRIAGFAAEVIYKKKPDGTPTTKIEGYRIQRDPITLRPVELDCGPHEP
AEWYELOAWLDGRGRGKGLSRGOAILSAMDKLYCECGAVMTSKRGEESIKD
SYRCRRRIKVVDPSAPGOHEGTONVYSMAALDKFVAERIFNKIRHAEGDEETLAL
LWEAARRFGKLTEAPEKSGERANLVAERADALNALEELYEDRAAGAYDGPVG
RKHFRKQOAALTLRQOGAEERLAELEAAEAPKLPLDOWFPEDADADPTGPKS
WWGRASVDDKRVIVGLFVDKIVVTKSTTGRGOGTPIEKRASITWAKPPTDDD
EDDAGDGTEDVAA

161 PhiC31 GTGGRACACGTACGCGGGETGCTTACGACCGTCAGTCGCGLGAGCGCGAGA

ATTCGAGCGCAGCAAGLCCAGCGACACAGCGTAGCGCCAACGAAGACAA
GGCGGCCEACCTTCAGCGCCGAAGTCOAGCGCGACGLGGGLCGHTTCAGG
TTCGTCGGGCATTICAGCGAAGCGLLGEGLACGTIGGCGTTCGGGALGGL
GGAGCGCOCGGAGTTCGAACGCATCCTGAACGAATGCLGCGLCGGGLGE
CTCAACATGATCATTGTCTATGACGTGTCOCGCTTCYCGLGCCTRAAGGTC
ATGGACGCOATTCCGATTGTCTCGGAATTGCTCGLCCTGLGCOTGACGATY
GTTTCCACTCAGGAAGGLGTCTTCCGGCAGGGAAACGTCATGGACCTGATT
CACCTGATTATGCGOCTCGACGCGTCOCACAAAGAATCTTCGCTGAAGTCR
GCGAAGATTCTCCACACGAAGAACCTTCAGCGCGAATTGGGCGGETACGT
CGOLGGRAAGGCECOTTACGGLTTCGAGCTTGTTTCGGAGACGAAGGAG
ATCACGCGCAACGGCCGAATGGTCAATGTCGTCATCAACAAGCTTGCGCAL
TCGACCACTCCCCTTACCGORACCCTTCGAGTTCGAGCLCGALGTAATCLGE
TGGTGGTGOCATGAGATCAAGACGCACAAACACCTTCCCTTCAAGCCGGG
CAGTCAAGCCGCCATTCACCCGGGCAGCATCACGGGGCTTTGTAAGCGCA
TRGACGCTRACGLCGTGCCCACCCRGGGLGAGACGATTGRGAAGAARAL
CGCTTCAAGCGCCTGGGACCCGGCAACCOTTATGCCAATICTTCGGHALCC
GCGTATTGCGGGITTICGLCGLTGAGGTGATCTACAAGAAGAAGCCGGALG
GCACGCCGACCACGAAGATTGAGGGTTACCGCATTCAGCGCGACCCGATC
ACGCTCCGOCCOOTCGAGCTTGATTGLGGACCGATCATCGAGCCCGITGA
GTGGTATGAGCTTCAGGCGTGGTTGCACGGRCAGGEGGLGLOGECAAGRGEG
CTTTCCCGGGGRGCAAGCCATTCTGTCLGCCATGGACAAGITGTACTGCGAG
TGTGGCGCCGTCATGACTICGAAGLGCGLGGAAGAATCGATCAAGGALTC
TTACCGCTGCCOTCOLCOGEAAGGTGGTCGACCCETCCGCACCTGOGCAGC
ACGAAGGCACGTGCAACGTCAGCATGGCGGLACTCGACAAGTTCGTTIGLG
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GAACGCATCTTCAACAAGATCAGGCACGLCGAAGGCGACGAAGAGACGTT
GGLGCTTCTGTOEGAAGCLGCCCGACGCTTCGGLAAGCTCACTGAGGLRC
CTGAGAAGAGCGGCGAACGHGCEAACCTTGTTGLGRAGCECGOCGACGC
CCTGAACGCCCTTGAAGAGCTGTACGAAGACCGLGLGGCAGGLGLGTALG
ACGGACCCOTTGGCAGRAAGCACTTCCOGGAAGCAACAGGCAGCGCTGAC
GCTCCOGCAGCAAGGGGCGGAAGAGCAGLTTGLCGAACTTGAAGCCGCT
GAAGCCCCGAAGCTTCCCCTTGACCAATGGTTCCLCGAAGACGELGALGLT
GACCCGACCGGLCCTAAGTCGTGGTGGGGGELGCGLGTCAGTAGACGACA
AGCGCOTGTTCOTCOGGGCTCTTCGTAGACAAGATCGTTGTCACGAAGTCGA
CTACGGGCAGGGLGCAGGEAACGCCCATCOAGAAGLGLGCTTCGATCAC
GTGGGLGAAGCCGCCGACCGACGACGACGAAGALGACGCCCAGGALGGL

ACGGAAGACGTAGCGGCGTAG
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All publications, patents and sequence database entries mentioned herein, including
those items listed below, are hereby incorporated by reference for the teachings referenced
herein as if each individual publication or patent was specifically and individually indicated
to be incorporated by reference. In case of conflict, the present application, including any

definitions herein, will control.

EQUIVALENTS AND SCOPE
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the above
description, but rather is as set forth in the appended claims.

6, 9% Gk
a

Articles such as an,” and “the,” as used herein, may mean one or more than one
unless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that include “or” between one or more members of a group are considered satisfied if one,
more than one, or all of the group members are present in, employed in, or otherwise relevant
to a given product or process unless indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of the group is
present in, employed in, or otherwise relevant to a given product or process. The invention
also includes embodiments in which more than one, or all of the group members are present
in, employed in, or otherwise relevant to a given product or process.

Furthermore, it is to be understood that the invention encompasses all variations,
combinations, and permutations in which one or more limitations, elements, clauses,
descriptive terms, efc., from one or more of the claims or from relevant portions of the
description is introduced into another claim or another portion of the description. For
example, any claim that is dependent on another claim can be modified to include one or
more limitations found in any other claim that is dependent on the same base claim.
Furthermore, where the claims recite a composition, it is to be understood that methods of
using the composition for any of the purposes disclosed herein are included, and methods of

making the composition according to any of the methods of making disclosed herein or other
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methods known in the art are included, unless otherwise indicated or unless it would be
evident to one of ordinary skill in the art that a contradiction or inconsistency would arise.

Where elements are presented as lists, it is to be understood that each subgroup of the
elements is also disclosed, and any element(s) can be removed from the group. It is also noted
that the term “comprising” is intended to be open and permits the inclusion of additional
elements or steps. It should be understood that, in general, where the invention, or aspects of
the invention, is/are referred to as comprising particular elements, features, steps, efc., certain
embodiments of the invention or aspects of the invention consist, or consist essentially of,
such elements, features, steps, efc. For purposes of simplicity those embodiments have not
been specifically set forth in haec verba herein. Thus for each embodiment of the invention
that comprises one or more elements, features, steps, efc., the invention also provides
embodiments that consist or consist essentially of those elements, features, steps, efc.

Where ranges are given, endpoints are included. Furthermore, it is to be understood
that unless otherwise indicated or otherwise evident from the context and/or the
understanding of one of ordinary skill in the art, values that are expressed as ranges can
assume any specific value within the stated ranges in different embodiments of the invention,
to the tenth of the unit of the lower limit of the range, unless the context clearly dictates
otherwise. It is also to be understood that unless otherwise indicated or otherwise evident
from the context and/or the understanding of one of ordinary skill in the art, values expressed
as ranges can assume any subrange within the given range, wherein the endpoints of the
subrange are expressed to the same degree of accuracy as the tenth of the unit of the lower
limit of the range.

In addition, it is to be understood that any particular embodiment of the present
invention may be explicitly excluded from any one or more of the claims. Where ranges are
given, any value within the range may explicitly be excluded from any one or more of the
claims. Any embodiment, element, feature, application, or aspect of the compositions and/or
methods of the invention, can be excluded from any one or more claims. For purposes of
brevity, all of the embodiments in which one or more elements, features, purposes, or aspects

is excluded are not set forth explicitly herein.
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CLAIMS

What is claimed is:

1. A library of orthogonal large serine recombinase recognition site sequences,
comprising pairs of attB site sequences and attP site sequences recognized by large serine
recombinases,

wherein the attB site sequences comprise a central dinucleotide sequence, at least 5
nucleotides upstream of the central dinucleotide sequence and at least 5 nucleotides
downstream of the central dinucleotide sequence,

wherein the attP site sequences comprise a central dinucleotide sequence, at least 5
nucleotides upstream of the central dinucleotide sequence, and at least 5 nucleotides
downstream of the central dinucleotide sequence.

wherein each pair of attB site sequences and attP site sequences comprises one attB
site sequence for use in a host genome and one attP site sequence for use in an integrative
vector,

wherein in each pair of attP site sequences and attB site sequences comprise the same
central dinucleotide, and

wherein crosstalk between the attB site sequences and the attP site sequences in the

library is less than about 20%.

2. The library claim 1, wherein the central dinucleotide is nonpalindromic.

3. The library of claim 1 or claim 2, wherein the central dinucleotide is selected from the

group consisting of: AA, TT, GG, CC, AG, GA, AC, CA, TG, GT, TC, and CT.
4. The library of any one of claims 1-3, wherein the sequences upstream and
downstream of the central dinucleotide of the attB site comprise additional recognition

sequences for the large serine recombinase.

5. The library of any one of claims 1-4, the sequences upstream of the central

dinucleotide of the attB sites are 5-50 nucleotides in length.
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6. The library of any one of claims 1-5, wherein the sequences downstream of the

central dinucleotide of the attB sites are 5-50 nucleotides in length.

7. The library of any one of claims 1-6, wherein the sequences upstream and
downstream of the central dinucleotide of the attP site comprise additional recognition

sequences for the recombinase.

8. The library of any one of claims 1-7, wherein the sequences upstream of the central

dinucleotide of the attP sites are 5-50 nucleotides in length.

9. The library of any one of claims 1-8, wherein the sequences downstream of the

central dinucleotide of the attP sites are 5-50 nucleotides in length.

10. The library of any one of claims 1-9, wherein the large serine recombinase is selected
from the group consisting of: BxB1, Peaches, Veracruz, Rebeuca, Theia, Benedict, and

PhiC31.

11. The library of any one of claims 1-10, wherein the pairs of attB site sequences and
attP site sequences comprise a pair of sequences selected from the group consisting of:

SEQ ID NO: 79 and SEQ ID NO: 79;

SEQ ID NO: 80 and SEQ ID NO: 80;

SEQ ID NO: 81 and SEQ ID NO: 81;

SEQ ID NO: 82 and SEQ ID NO: 82;

SEQ ID NO: 83 and SEQ ID NO: 83;

SEQ ID NO: 84 and SEQ ID NO: 84;

SEQ ID NO: 85 and SEQ ID NO: 91;

SEQ ID NO: 86 and SEQ ID NO: 92;

SEQ ID NO: 87 and SEQ ID NO: 93;

SEQ ID NO: 88 and SEQ ID NO: 94;

SEQ ID NO: 89 and SEQ ID NO: 95;

SEQ ID NO: 90 and SEQ ID NO: 96;

SEQ ID NO: 97 and SEQ ID NO: 103;
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

98 and SEQ ID NO: 104;
99 and SEQ ID NO: 105;

100 and SEQ ID NO:
101 and SEQ ID NO:
102 and SEQ ID NO:
109 and SEQ ID NO:
110 and SEQ ID NO:
111 and SEQ ID NO:
112 and SEQ ID NO:
113 and SEQ ID NO:
114 and SEQ ID NO:
121 and SEQ ID NO:
122 and SEQ ID NO:
123 and SEQ ID NO:
124 and SEQ ID NO:
125 and SEQ ID NO:
126 and SEQ ID NO:
133 and SEQ ID NO:
134 and SEQ ID NO:
135 and SEQ ID NO:
136 and SEQ ID NO:
137 and SEQ ID NO:
144 and SEQ ID NO:
145 and SEQ ID NO:
146 and SEQ ID NO:
147 and SEQ ID NO:
148 and SEQ ID NO:
149 and SEQ ID NO:

106;
107;
108;
115;
116;
117;
118;
119;
120;
127;
128;
129;
130;
131;
132;
139;
140;
141;
142;
143;
150;
151;
152;
153;
154;
155.
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12. A method for site-specific recombination between specific attB and attP sites of a

large serine recombinase, comprising
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providing a nucleic acid molecule comprising an attB site from a pair of the attB and
attP sites of claim 11,

providing a nucleic acid molecule comprising an attP site from a pair of the attB and
attP sites of claim 11,

combining the nucleic acid molecules in the presence of the large serine recombinase.

13. The method of claim 12, wherein the nucleic acid molecule comprising an attP site is

a bacteriophage genome or a plasmid.

14. The method of claim 12 or claim 13, wherein the nucleic acid molecule comprising an

attB site is a bacterial genome or a mammalian genome.

15. A cell line comprising a plurality of landing pads integrated into the genomic DNA of
a parental cell line, wherein each landing pad comprises

a constitutive promoter operably linked to a nucleotide sequence encoding a
detectable marker, followed by a nucleotide sequence encoding a first selectable marker, and

an attB site of a large serine recombinase, wherein the attB site is between the
promoter and the nucleotide sequence encoding the detectable protein, and

wherein the attB sites in the plurality of landing pads are orthogonal to each other,

wherein crosstalk between the attB sites is less than about 20%.

16. The cell line of claim 15, wherein the number of landing pads is 2, 3,4, 5,6, 7, 8, 9,
10, 11, or 12.

17. The cell line of claim 15 or claim 16, wherein each landing pad is integrated into the

genomic DNA of the cell line using a zinc-finger nuclease, TALEN or CRISPR-Cas system.
18. The cell line of any one of claims 15-17, wherein the attB site is selected from the

group consisting of: SEQ ID NOs: 79-84, 85-90, 97-102, 109-114, 121-126, 133-138, and
144-149.
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19. The cell line of any one of claims 15-18, wherein the detectable marker is a

fluorescent protein.

20. The cell line of any one of claims 15-19, wherein the fluorescent protein is selected
from the group consisting of EYFP, eGFP, eYFP, eCFP, mKate2, mCherry, mPlum,

mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, and mHoneydew.

21. The cell line of any one of claims 15-20, wherein the first selectable marker

hydrolyzes a first drug.

22. The cell line of claim 21, wherein the first drug is selected from a group consisting of:

puromycin, hygromycin, G418, neomycin, and bleomycin.

23. The cell line of any one of claims 15-22, wherein the large serine recombinase is
selected from the group consisting of: BxB1 (SEQ ID NO: 73), BxZ2 (SEQ ID NO: 77),
PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75), Veracruz (SEQ ID NO: 69), Rebeuca
(SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27), PattyP (SEQ ID NO:
47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley (SEQ ID NO: 71),
Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO: 29), Abrogate (SEQ
ID NO: 21), Doom (SEQ ID NO: 41), Conceptll (SEQ ID NO: 33), Anglerfish (SEQ ID NO:
25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45), and Severus (SEQ ID NO: 57).

24. A method of integrating a plurality of genetic sequences or circuits into a cell,
comprising:
delivering into the cell line any one of claims 15-23 a plurality of integrative vectors,
each comprising an attP site, one or more genetic sequences or gene cassettes that express
components of the genetic circuit, and a promoterless second selectable marker,
wherein the cell expresses the large serine recombinase, and
wherein each attP site is selected to allow site-specific recombination between the
attB site in one of the landing pads and the attP site in the integrative vector,
which results in the insertion of the coding sequence of the second selectable

marker in frame with the constitutive promoter in the landing pad;
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screening for cells with the integration of the genetic sequence or circuit in media

comprising a drug to which the second selectable marker confers resistance.

25. The method of claim 24, wherein the one or more gene cassettes that express
components of the genetic circuit comprise a promoter operably linked to a sequence

encoding a polypeptide that is part of the genetic circuit.

26. The method of claim 24 or claim 25, wherein the integrative vector is introduced into
the cell by a method selected from the group consisting of: CaPOj transfection, lipid

transfection, electroporation, and lentiviral vector infection.

27. The method of any one of claims 24-26, wherein the drug in the media is selected

from the group consisting of puromycin, hygromycin, G418, neomycin, and bleomycin.

28. The method of any one of claims 24-27, wherein the large serine recombinase is
selected from the group consisting of: BxB1 (SEQ ID NO: 73), BxZ2 (SEQ ID NO: 77),
PhiC31 (SEQ ID NO: 160), Peaches (SEQ ID NO: 75), Veracruz (SEQ ID NO: 69), Rebeuca
(SEQ ID NO: 49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27), PattyP (SEQ ID NO:
47), Trouble (SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley (SEQ ID NO: 71),
Scowl (SEQ ID NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO: 29), Abrogate (SEQ
ID NO: 21), Doom (SEQ ID NO: 41), Conceptll (SEQ ID NO: 33), Anglerfish (SEQ ID NO:
25), SkiPole (SEQ ID NO: 61), Museum (SEQ ID NO: 45), and Severus (SEQ ID NO: 57).

29. A method for identifying a genomic insertion site of an integrated plasmid,
comprising

obtaining genomic DNA from bacteria that include an integrated plasmid, wherein the
plasmid comprises a promoter operably linked to a nucleotide sequence encoding a large
serine recombinase, an attP site recognized by the large serine recombinase, a bacterial origin
of replication, one recognition site for a DNA restriction enzyme, and a promoter operably
linked to a nucleotide sequence encoding a selectable marker,

digesting the genomic DNA with the DNA restriction enzyme to obtain fragments of

the genomic DNA,
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ligating the fragments of the genomic DNA to recircularize plasmid sequences,
wherein the recircularized plasmid comprises the selectable marker, the bacterial origin of
replication, and genomic DNA flanking the genomic insertion site,

transforming transformation-competent bacteria with the ligated fragments,

culturing the transformed bacteria on media that selects for growth of bacteria
transformed with the recircularized plasmid that comprises the selectable marker,

isolating the recircularized plasmid, and

determining the sequence of the recircularized plasmid to identify the genomic

insertion site.

30. The method of claim 29, wherein the DNA restriction enzyme is EcoRI.

31. The method of claim 29 or claim 30, wherein the step of ligating the fragments of the

genomic DNA is performed under conditions that favor intramolecular ligation.

32. The method of any one of claims 29-31, wherein the transformation-competent

bacteria are transformation-competent E. coli.

33. The method of any one of claims 29-32, wherein the genomic insertion site is a

chromosomal attB site.

34. The method of any one of claims 29-33, wherein the recognition site for the DNA
restriction enzyme is located between the nucleotide sequence encoding a large serine

recombinase and the attP site recognized by the large serine recombinase.

35. The method of any one of claims 29-34, further comprising identifying the attB and

attP sites at the genomic insertion site.
36. A reporter plasmid for monitoring recombination events between large serine

recombinase recognition sites comprising, in order, a predicted attB site sequence for a large

serine recombinase, a gene cassette expressing a detectable marker, a predicted attP site
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sequence for the large serine recombinase, a gene cassette expressing the large serine
recombinase, and a gene cassette expressing a selectable marker,
wherein each gene cassette comprises a promoter operably linked to a sequence

encoding a polypeptide, followed by a terminator.

37. The reporter plasmid of claim 36, wherein the detectable marker is a lacZ nucleotide
sequence.
38. A method for testing for function of predicted large serine recombinase recognition

sites, comprising

obtaining bacterial cells transformed with the reporter plasmid of claim B1,

culturing the bacterial cells on media that permits detection of expression of the
detectable marker and to express the large serine recombinase,

wherein if the predicted recombinase recognition sites are correct, then recombination
between attP and attB sites results in excision of the gene cassette expressing the detectable
marker, and

wherein if the predicted recombinase recognition sites are not correct, then the gene

cassette expressing the detectable marker is not excised.

39. The method of claim 38, wherein detectable marker is a lacZ nucleotide sequence and
the media that permits detection comprises 5-bromo-4-chloro-3-indolyl-B-D-

galactopyranoside (Xgal).

40. The method of claim 38 or claim 39, wherein the bacteria are E. coli.

41. A reporter system for testing intermolecular site-specific recombination capacity of a
large serine recombinase in mammalian cells comprising

a first plasmid comprising a gene cassette that comprises a constitutive promoter
operably linked to a nucleotide sequence encoding a first detectable marker, and an attB site
of the large serine recombinase placed in between the constitutive promoter and the first

detectable marker coding sequence,
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a second plasmid comprising a promoter-less gene cassette that comprises an attP site
of the large serine recombinase followed by a nucleotide sequence encoding a second
detectable marker, wherein the second detectable marker is not the same as the first

detectable marker.

42. The reporter system of claim 41, further comprising a plasmid expressing the
recombinase.
43. The reporter system of claim 41 or claim 42, wherein the first detectable marker is a

first detectable protein.

44, The reporter system of any one of claims 41-43, wherein the first detectable protein is

a first fluorescent protein.

45. The reporter system of any one of claims 41-44, wherein the fluorescent protein is
selected from the group consisting of eGFP, eYFP, eCFP, mKate2, mCherry, mPlum,

mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, and mHoneydew.

46. The reporter system of any one of claims 41-45, wherein the constitutive promoter is
selected from the group consisting of a Hefla promoter, a CMV promoter, and a SV40

promoter.

47. The reporter system of any one of claims 41-46, wherein the second detectable marker

is a second detectable protein.

48. The reporter system of any one of claims 41-47, wherein the second detectable protein

is a second fluorescent protein.

49. The reporter system of any one of claims 41-48, wherein the second fluorescent
protein is selected from the group consisting of , eGFP, eYFP, eCFP, mKate2, mCherry,
mPlum, mGrape2, mRaspberry, mGrapel, mStrawberry, mTangerine, mBanana, and

mHoneydew.
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50. A method for testing intermolecular site-specific recombination capacity of a large
serine recombinase in mammalian cells comprising

co-transfecting the first plasmid and the second plasmid of any one of claims 41-49
together with a plasmid expressing the corresponding large serine recombinase,

wherein intermolecular site-specific recombination between the attB and the attP sites
results in fusion of the first plasmid and the second plasmid which results in the insertion of

the coding sequence of the second detectable marker in frame with the constitutive promoter.

51. A method for site-specific recombination between specific attB and attP sites of a
large serine recombinase, comprising

providing a first nucleic acid molecule comprising an attB site,

providing a second nucleic acid molecule comprising an attP site that selectively
recombines with the attB site,

combining the nucleic acid molecules in the presence of a large serine recombinase
selected from the group consisting of: Veracruz (SEQ ID NO: 69), Rebeuca (SEQ ID NO:
49), Theia (SEQ ID NO: 65), Benedict (SEQ ID NO: 27), PattyP (SEQ ID NO: 47), Trouble
(SEQ ID NO: 67), KSSJEB (SEQ ID NO: 39), Lockley (SEQ ID NO: 71), Scowl (SEQ ID
NO: 55), Switzer (SEQ ID NO: 63), Bob3 (SEQ ID NO: 29), Abrogate (SEQ ID NO: 21),
Doom (SEQ ID NO: 41), Conceptll (SEQ ID NO: 33), Anglerfish (SEQ ID NO: 25), SkiPole
(SEQ ID NO: 61), Museum (SEQ ID NO: 45), Severus (SEQ ID NO: 57), Sarfire (SEQ ID
NO: 53), Rey (SEQ ID NO: 51), Bongo (SEQ ID NO: 31), Airmid (SEQ ID NO: 23), Hinder
(SEQ ID NO: 35), ICleared (SEQ ID NO: 37), Sheen (SEQ ID NO: 59), or Mundrea (SEQ ID
NO: 43).
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A library of orthogonal large serine recombinase recognition
site sequences, comprising pairs of attB site sequences and
attP site sequences recognized by large serine recombinases;
A cell Tline comprising a plurality of landing pads
integrated into the genomic DNA of a parental cell Tine; A
method of integrating a plurality of genetic sequences or
circuits into a cell; A method for testing for function of
predicted large serine recombinase recognition sites; A
method for identifying a genomic insertion site of an
integrated plasmid; A reporter plasmid for monitoring
recombination events between large serine recombinase
recognition sites; A method for testing for functionof
predicted Tare serine recombinase recognition sites; A
reporter system for testing intermolecular site-specific
recombination capacity of a large serine recombinase in
mammalian cells ;

2-27. claim: 51(partially)

Invention 2: A method for site-specific recombination
between specific attB and attP sites of a large serine
recombinase, comprising providing a first nucleic acid
molecule comprising an attB site, providing a second nucleic
acid molecule comprising an attP site that selectively
recombines with the attB site, combining the nucleic acid
molecules in the presence of a large serine recombinase
selected from the group consisting of: Veracruz (SEQ ID NO:
69); Invention 3: Idem as invention 2 but Timited to Rebeuca
(SEQ ID NO. 49); Invention 4: Idem as invention 2 but
limited to Theia (SEQ ID NO. 65; .... Invention 27: Idem as
invention 2 but limited to Mundrea (SEQ ID NO. 43).
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