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Supplementary Figure 1. Schematic representation of the vector sets synthesized for
the eukaryotic genetic switches and the resulting activated vector. For human, bovine,
and plant cells, two sets of plasmids were built to evaluate Int functionality. a For
mammalian systems, one plasmid contains the human codon optimized sequence of
Int X (X=2,4,5,7,9, 13, phiC31 or Bxb1) under the control of the ubiquitin promoter
and B-globin poly(A) signal terminator; this set was named the integrase expression
vector (plE) set, composed of plasmids named pUB-HspINTX. The other plasmid is
composed of the reporter egfp gene in the reverse complement (rc) orientation flanked
by the recognition sites attB/attP of that particular Int, under the control of a different
strong constitutive promoter, namely, the EFlalpha promoter, and the same terminator;
this set was named the switch GFP vector (pSG), with plasmids named pEF-GFP(rc)X.
b For plant protoplasts, the plE vectors set contains the A. thaliana codon optimized
sequence of Int X under the actin2 promoter and the NOS terminator, plasmids named
pAct-AtINTX. The pSG vectors set has the egfp sequence in the reverse complement
orientation flanked by the recognition sites attB/attP of that particular Int, under the
control of the CaMV 35S promoter and the same terminator, plasmids named p35S-
GFP(rc)X (additional information on the plasmids is provided in Supplementary Table
1). Both plasmids of each set were used to cotransfect/cotransform the mammalian
and plant systems. It was hypothesized that if a particular Int was functional, it would
switch the egfp coding sequence to the forward orientation, leading to EGFP
expression and formation of the attL/attR sites (activated switch GFP vector).



INTEGRASE NLS

INT_02 P8R TTRLNAKRGGAHGPVPDGYKRRYPD® [6.0]

INT_04 2ORERQRRRLGIEENHYTIPFQAKYMLSKFLRC?*® [5.9]
INT_05

INT_07 BIRENLAERVKFGIEQMIDEGKKPGGHSPYGYKFDKD'® [5.4]
INT_09 BEQKEKGHSIEEQERKLRAYSDINDWKIHKVY* [5.3]

INT_13 23\ /NRFIKKRKDGTEYC®’ [8.5]

Bxb1 >2PFDRKRRPNL® [5.0]

PhiC31 ZIREIKTHKHLPFKPGSQAAIHPGSITGLCKRMDAD®* [4.8]

Supplementary Figure 2. In silico prediction of the nuclear localization signal (NLS)
for the Int coding sequences. The NLS was predicted using NLS Mapper (available at
http://nis-mapper.iab.keio.ac.jp/cgi-bin/NLS_Mapper_form.cgi, accessed in 10/08/2018)
with an intermediate cut-off score (5.0). The positions of the first and last amino acids
of the predicted NLS sequence are denoted as superscripted numbers. The basic
amino acids arginine (R) and lysine (K) are highlighted in cyan. Scores are indicated in
brackets.
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Supplementary Figure 3. Representative EGFP fluorescence images of the three
model eukaryotic cell systems cotransfected/cotransformed with integrase expression
(pIE) and switch GFP or promoter (pSG or pSP) vectors. HEK 293T cells, bovine
fibroblasts and plant protoplasts were observed using an Axiovert 135M (Carl Zeiss)
fluorescence microscope. The images were acquired using an attached DS-Ril digital
camera (Nikon) and the capture software Nikon Digital Sight DS-L3 (Nikon) under a UV
light with filter set 15 (Carl Zeiss). Excitation: BP 546; beam splitter: FT 580; emission:
LP 590. For each cell model, all images were acquired with the same acquisition
setting.
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Supplementary Figure 4. EGFP fluorescence determined by flow cytometry analysis
of HEK 293T cells. Representative scatter plots are shown indicating the EGFP
fluorescence-emitting population in the gate. Experimental groups were analyzed after
48 h. The integrase expression vectors (plE) of the Ints 2, 4, 5, 7, 9, 13, phiC31, and
Bxb1 or the switch GFP vectors (pSG) containing the egfp gene in reverse complement
orientation flanked by attB/attP sites of the Ints 2, 4, 5, 7, 9, 13, phiC31, and Bxbl
indicate negative controls. plE + pSG indicates the cells cotransfected with integrase
expression and switch GFP vectors (test condition). Positive control cells were
transfected with the pT3-Neo-EF1a-GFP plasmid containing the egfp sequence in the
forward orientation (pGFP).
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Supplementary Figure 5. EGFP fluorescence determined by flow cytometry analysis
of bovine fibroblasts. Representative scatter plots are shown indicating the EGFP
fluorescence-emitting population in the gate. Experimental groups were analyzed after
48 h. Negative control cells were cotransfected with one of the plasmids from the
integrase expression vectors (plE) of the Ints 2, 4, 5, 7, 9, 13, phiC31, and Bxbl or one
of the switch GFP vectors (pSG) containing the egfp gene in reverse complement



orientation flanked by attB/attP sites of the Ints 2, 4, 5, 7, 9, 13, phiC31, and Bxb1l plus
a mock plasmid. plE + pSG indicates the cells cotransfected with integrase expression
and switch GFP vectors (test condition). Positive control cells were cotransfected with
the pEF-GFP plasmid containing the egfp sequence in the forward orientation (pGFP)
plus a mock plasmid.
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Supplementary Figure 6. HEK 293T cells uncropped PCR gel
obtained using two specific primer sets to verify attL (blue) and attR (red) formation
after egfp flipping as shown in the main text Fig. 2c.
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Supplementary Figure 7. Representative sequence reads showing the attL and attR
sites obtained after Int activity in HEK 293T cells compared to the predicted
sequences (grey highlighted). attL1 and attR1 correspond to the flipped attP and attB
parts, respectively. attL2 and attR2 correspond to the previous attB and attP parts,
respectively. Additional information in Supplementary Table 3 and Supplementary Data
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Supplementary Figure 8. Bovine fibroblasts uncropped PCR gel images. Amplicons
obtained using two specific primer sets to verify attL (blue) and attR (red) formation
after egfp flipping as shown in the main text Fig. 3c.
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Supplementary Figure 9. Representative sequence reads showing the attL and attR
sites obtained after Int activity in bovine fibroblasts compared to the predicted
sequences (grey highlighted). attL1 and attR1 correspond to the flipped attP and attB
parts, respectively. attL2 and attR2 correspond to the previous attB and attP parts,
respectively. Additional information in Supplementary Table 3 and Supplementary Data
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Supplementary Figure 10. EGFP fluorescence determined by flow cytometry analysis
of A. thaliana protoplasts. Representative scatter plots are shown indicating the EGFP
fluorescence-emitting population in the gate. Experimental groups were analyzed after
24 h. Negative control cells were cotransformed with one of the plasmids from the
integrase expression vectors (plE) of the Ints 2, 4, 5, 7, 9, 13, phiC31, and Bxb1 or the
switch GFP vectors (pSG) containing the egfp gene in reverse complement orientation
flanked by attB/attP sites of the Ints 2, 4, 5, 7, 9, 13, phiC31, and Bxb1 plus a mock
plasmid. plE+ pSG indicates the cells cotransformed with integrase expression and
switch GFP vectors (test condition). Positive control cells were cotransformed with the
pCaMV35S-GFP plasmid containing the egfp sequence in the forward orientation
(pGFP) plus a mock plasmid.
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Supplementary Figure 11. EGFP-expressing cell percentages of the positive control
pCaMV35S-GFP vector and pCaMV35S-GFP-pSG vector. pCaMV35S-GFP (pGFP)
has a CaMV 35S promoter with some SNPs compared with the CaMV 35S promoter
used in the switch GFP vectors (pSG). Then, the CaMV 35S promoter from pSG was
cloned, replacing the pCaMV35S-GFP promoter, resulting in the pCaMV35S-GFP-pSG
plasmid. Protoplasts were transformed with both plasmids separately, and flow
cytometry analysis showed that the percentage of EGFP-expressing cell populations
obtained with the two constructs did not result in statistically significant differences. The
statistical analysis was performed in GraphPad Prism 7, applying a paired T test. p
value=0.1277. Assays were performed in five or six technical replicates and in three
biologically independent experiments.
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Supplementary Figure 12. A. thaliana protoplasts uncropped PCR gel images.
Amplicons obtained using two specific primer sets to verify attL (blue) and attR (red)
formation after egfp flipping as shown in the main text Fig. 4c.
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1 0 20 50
attl2 [ a1 -
AGACGAGAAACGTTCCGTCCGTCTGGGTCAGTTGCCTAACCTTAACTTTTACGCAGGTTCAGCTTATGG
AGACGAGAAACGTTCCOTCCOTCTGGGTCAGTTGCCTAACCTTAACTTTTACGCAGGTTCAGCTTATGG

3 40 ] §9

2 »
attl2. c atti1

- ]
TTTATATTGCGAAAAATAATTGGCGAACGAGGTAACTGCATAGTTATTCCGAACTTCCAATTAATGG
TTTATATTGCGAAAAATAATTGGCGAACGAGGTAACTGCATAGTTATTCCGAACTTCCAATTAATGE

W E 0 &

0 ) 4 30 @ &

auL2 core atttl 1
GCATACATTGTTGTTGTTTTTCCAGATCCAGTTGTTTTAGTAACATAAATACAAC TCCGAATAATGG
GCATACATTGTTGTTGTTTTTCCAGATCCAGTTGTTTTAGTAACATAAATACAACTCCGAATAATGG

] 10 » 10 w0 4

. N

SR core a [N
TGCCAGGGCGTGCCCTTGAGTTCTCTCAGTTGGGGGCCCATGG

TGCCAGGGCGTGCCCTTGAGTTCTCTCAGTTGGGGGCCCATGG

1 1 E P ® EY @ o

atti2 ) core a1 -— ..
GTCGTGGTTTGTCTGGTCAACCACCGCGGTCTCC TCAGGATCATCC CTCGAGTTAC
GTCGTGGTTTGTCTGGTCAACCACCGCGGTCTCC TCAGGATCATCCGGGCCTCGAGTTAC

1 10 2 2

EGFP attA1 core
AGTAAGACGAGCTGAGCAGTATGTCGACGGTCCGGCGAGAATCTCGCGT:
AGTAAGACGAGCTGAGCAGTATGTCGACGGTCCGGCGAGAATCTCGCGT

atth2
AGACACATACATGAGC
AGACACATACATGAGC

1 10 )
a1l core attR2

AGTAAAATCATCGCCTTTACACAAGCAGCAGTCTTATTCAAATCAAGGGTTGAAAACTTTGTAATTTTT
AGTAAAATCATCGCCTTTACACAAGCAGCAGTCTTATTCAAATCAAGGGTTGAAAACTTTGTAATTTTT

30 40 50 @ @

1 » 2 3 40 ® @ ]

 Ecre g attR1 core attRz
AGTAAGCACCGACCGCAGCCACAGCGTGTAGCGCTCCCAGGAGAGTTATCGACTTGCGTATTAGGG
AGTAAGCACCGACCGCAGCCACAGCGTGTAGCGCTCCCAGGAGAGTTATCGACTTGCGTATTAGGG

1 w

e attR1 b c. attR2
AGTAAAAGGAACGGACGACCCGGTCATCAACTTTGCCCATGTAAACTTA, CACA TTATA
AGTAAAAGGAACGGACGACCCGGTCATCAACTTTGCCCATGTAAACTTA CACACA TTATAA
1 1 2 0 a0 50 o o

. attR1 « atth2
AGTAACAAATTTTAATTGGCGGATGAGGTATCCAGATACCTGATACACACTTCCAACAAAAACAACCAC
AGTAACAAATTTTAATTGGCGGATGAGGTATCCAGATACCTGATACACACTTCCAACAAAAACAACCAC

1 0 3 30 40 50

auRl core ath2
AGTAAACTCACATGGATTGCTTATATTTACAGGACCAACTGGTCAAGTTCTACAAATACAACCGTTATTG
AGTAAACTCACATGGATTGCTTATATTTACAGGACCAACTGGTCAAGTTCTACAAATACAACCGTTATTG

1 » 2 ) 40 w

 ecre 4 L awRL ) coe
AGTAACTCGAGCGCGCCCGGGGAGCCCAAAGGTTACCCCAGTTG
AGTAACTCGAGCGCGCCCGGGGAGCCCAAAGGTTACCCCAGTTG

20 0

G ) core atth2
ACCATGGGGTCGGGGTTTGTACCGTACACCACTGAGACCGCCGT! ACAAGCCGGCCGA
ACCATGGGGTCGGGGTTTGTACCGTACACCACTGAGACCGCCGTCGTCGACAAGCCGGCCGA

Supplementary Figure 13. Representative sequence reads showing the attL and attR
sites obtained after Int activity in A. thaliana protoplasts compared to the predicted
sequences (grey highlighted). attL1 and attR1 correspond to the flipped attP and attB
parts, respectively. attL2 and attR2 correspond to the previous attB and attP parts,
respectively. Additional information in Supplementary Table 3 and Supplementary Data
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attL

attB

attL

attB

attL

Original described

AGGTA ... . TAATTGGAAGTTCGGAATAACTATGCAGATACCT
TCCAT . ATGGA
AGGTA I ce TACCT
TCCAT «ee ATGGA
core core

Identified after sequencing

AGGTAA ... ... TAATTGGAAGTTCGGAATAACTATGCAGATACCT

TCCATT . TATGGA
v

AGGTAA - ATACCT

TCCATTGACGTATCAATAAGGCTTGAAGGTTAAT . .. TATGGA

core Y core

possible core-site dinucleotide identified

CT con ... TAATTGGAAGTTCGGAATAACTATGCAG.

GA . TC

CT “en AG

ECGTATCMTAAGGCTTGAAGGTTAAT “ne TC
core core

Supplementary Figure 14. Int 9 core-site differences compared to the original
sequences described’. The Int 9 sequence alignments indicated one additional
nucleotide near to core-site (black arrow top). Considering the integrase functional
mechanism that leads to a rotational and religation of half part of the recognition attB/P
sites forming the attL/attR sites (green and red parts), a possible solution was to
consider CT nucleotide as Int9 core-site.
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Supplementary Figure 15. EGFP fluorescence determined by flow cytometry analysis
of A. thaliana protoplasts with the switch promoter system. Representative scatter plots
are shown indicating the EGFP fluorescence-emitting population in the gate.
Experimental groups were analyzed after 24 h. Negative control cells were
cotransformed with one of the plasmids from the integrase expression vectors (plE) of
Ints 2, 4 and 5 or with the switch Promoter vector (pSP) containing the CaMV 35S
promoter in reverse complement orientation flanked by attB/attP sites of Ints 2, 4 and 5
in tandem plus a mock plasmid. plE+ pSP indicates the cells cotransformed with
integrase expression vectors and the switch promoter vector (test condition). Positive
control cells were cotransformed with the pCaMV35S-GFP plasmid containing the
CaMV 35S promoter in the forward orientation (pGFP) plus a mock plasmid.
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Supplementary Figure 16. A. thaliana protoplasts uncropped PCR gel images.
Amplicons obtained using two specific primer sets to verify attL (blue) and attR (red)
formation after CaMV 35S promoter flipping as shown in the main text Fig. 5d.
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TGCGGACGGCGCAGAAGGGGAGTAGCTC TTCGCCCGAGAACTTCTGCAAGGCACTGCTCTTGGC TCAAARATTACARAGTTTTCAACCCTTGATTTGAATTAGCGGTCARATAATTTGTAATTCGTTTCCCTAATACGCAAGTCGATAACTCTCCTGEGGAGCGTTGACAACTTGCGCACCCTGATCTGTAATTCI
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GACAACTT

AATCCAATTGCACCGACCGCAGCCACAGCGTGTAGCGCTCCCAGGAGAGTTATCGACTTGCGTAT TAGGGAAACGAAT TACAAATTATTTGACCGCTAATTCAAAT CAAGGGTTGAAAACTTTGTAATTTT TGAGCCAAGAGCAGTGCCTTGCAGAAGTTCTCGGGCGAGAATCTCGCGTAGACACATACATGAGCC
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Supplementary Figure 17. Representative chromatograms showing the recognition site sequences obtained after Int activity in the switch
promoter vector (pSP). a Recognition sites after Int 2 activity, resulting in attL/attR Int 2 sites and attB/attP Ints 4 and 5 sites in the expected
positions. b Recognition sites after Int 4 activity, resulting in attL/attR Int 4 sites and attB/attP Ints 2 and 5 sites in the expected positions. ¢
Recognition sites after Int 5 activity, resulting in attL/attR Int 5 sites and attB/attP Ints 2 and 4 sites in the expected positions. The core
represents the region where cleavage occurred (crossover site). Additional information is provided in Supplementary Data 4.
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Supplementary Figure 18. EGFP fluorescence determined by flow cytometry analysis
of PBMCs. Representative scatter plots are shown, indicating the EGFP fluorescence-
emitting population in the gate. Experimental groups were analyzed after 48 h. Cells
electroporated with the integrase expression vectors (plE) of the Ints 4, 13, phiC3,1
and Bxbl or the switch GFP vectors (pSG) containing the egfp sequence in reverse
complement orientation flanked by attB/attP sites of the Ints 4, 13, phiC31, and Bxb1l
indicate negative controls. plE + pSG indicates the cells coelectroporated with
integrase expression and switch GFP vectors (test condition). Positive control cells
were transfected with the pT3-Neo-EF1a-GFP plasmid containing the egfp sequence in
the forward orientation (pGFP).
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Supplementary Figure 19. PBMCs uncropped PCR gel images. Amplicons obtained
using two specific primer sets to verify attL (blue) and attR (red) formation after egfp
flipping as shown in the main text Fig. 6¢.



Int 4

Int 13

phic31

Bxb1l

attL

attR

1 10 20 30 a0 50 60 68

core attLl

o aw2 -
TTCCAAAGAGCGCCCAACGCGACCTGAAATT TGAATTAGCGGTCAAATAATTTGTAATTCGTTTATGG

TTCCAAAGAGCGCCCAACGCGACCTGAAATT TGAATTAGCGG TCAAATAATTTGTAATTCGTTTATGG

1 1 20 0 a0 50 60 67

core attLl

o em2 [
GCATACATTGTTGTTGTTTTTCCAGATCCAGTTGT TTTAGTAACATAAA TACAACTCCGAATAATGG

GCATACATTGTTGTTGTTTTTCCAGATCCAGTTGTTTTAGTAACATAAA TACAACTCCGAATAATGG

: 10 2 0 0w
O o attll -—
GTGCCAGGGLGTGCCCTTGAGTTCTCTCAGTTGEGGGLCCATGE
GTGCCAGGGCGTGCCCTTGAGTTCTCTCAGTTGGGGGCCCATGG

1 18 20 3p 40 50 61
core attLl

TCGGCCGGCTTGTCGACGACGGCGGTCTCAGTGGTGTACGGTACAAACCCCGACCCCATGG
TCGGCCGGCTTGTCGACGACGGCGGTCTCAGTGGTGTACGGTACAAACCCCGACCCCATGE

1 10 20 30 10 50 60 69
core auR2

AGTAAAATCATCGCCTTTACACAAGCAGCAGTCTTATTCAAATCAAGGGTTGAAAACTTTGTAATTTTT

AGTAAAATCATCGCCTT TACACAAGCAGCAGTCTTATTCAAATCAAGGG TTGAAAACTTTGTAATTTTT

T R  core attR2
AGTAAACTCACATGGATTGC TTATATTTACAGGACCAACTGGTCAAGTTCTACAAATACAACCGTTATTG
AGTAAACTCACATGGATTGC TTATATTTACAGGACCAACTGGTCAAGTTC TACAAATACAACCGTTATTG

core attR2
AGTAACTCGAGGCCCGGATGATCCTGACGACGGAGACCGCGG TGGTTGACCAGACAAACCACGAC
AGTAACTCGAGGCCCGGATGATCCTGACGACGGAGACCGCGG TGGTTGACCAGACAAACCACGAC

Supplementary Figure 20. Representative sequence reads showing the attL and attR
sites obtained after Int activity in PBMCs compared to the predicted sequences (grey
highlighted). attL1 and attR1 correspond to the flipped attP and attB parts, respectively.
attL2 and attR2 correspond to the previous attB and attP parts, respectively. Additional
information in Supplementary Table 6 and Supplementary Data 5.



Supplementary Table 1. Addgene accession numbers of all plasmids used in this

study.

V‘“;Zt,[or Plasmid name Addgene accession number
INCTbiosyn-pEF-GFP(rc)2 #127504
INCTbiosyn-pEF-GFP(rc)4 #127505
INCTbiosyn-pEF-GFP(rc)5 #127506

0SG INCTbiosyn-pEF-GFP(rc)7 #127507
INCTbiosyn-pEF-GFP(rc)9 #127508
INCTbiosyn-pEF-GFP(rc)13 #127509
INCTbiosyn-pEF-GFP(rc)phiC31 #127510
INCTbiosyn-pEF-GFP(rc)Bxb1 #127511
INCTbiosyn-pUB-HspINT2 #127512
INCTbiosyn-pUB-HspINT4 #127513
INCTbiosyn-pUB-HspINT5 #127514

DIE INCTbiosyn-pUB-HspINT7 #127515
INCTbiosyn-pUB-HspINT9 #127516
INCTbiosyn-pUB-HspINT13 #127517
INCTbiosyn-pUB-HspINTphiC31 #127518
INCTbiosyn-pUB-HspINTBxb1 #127519

pSP |INCTbiosyn-p35S(rc)2_4_5-GFP #127520
INCTbiosyn-p35S-GFP(rc)2 #127521
INCTbiosyn-p35S-GFP(rc)4 #127522
INCTbiosyn-p35S-GFP(rc)5 #127523

0SG INCTbiosyn-p35S-GFP(rc)7 #127524
INCTbiosyn-p35S-GFP(rc)9 #127525
INCTbiosyn-p35S-GFP(rc)13 #127526
INCTbiosyn-p35S-GFP(rc)phiC31 #127527
INCTbiosyn-p35S-GFP(rc)Bxbl #127528
INCTbiosyn-pAct-AtINT2 #127529
INCTbiosyn-pAct-AtINT4 #127530
INCTbiosyn-pAct-AtINTS #127531

DIE INCTbiosyn-pAct-AtINT7 #127532
INCTbiosyn-pAct-AtINT9 #127533
INCTbiosyn-pAct-AtINT13 #127534
INCTbiosyn-pAct-AtINTphiC31 #127535
INCTbiosyn-pAct-AtINTBxb1 #127536




Supplementary Table 2. Summary of the statistical analysis of the EGFP-positive
cell percentages obtained by flow cytometry assays with the switch GFP system
in HEK 293T cells, bovine fibroblasts and plant protoplasts.

Cell Mean + sd ASSAYS | skal-wallis
type Int DGFP DIE +pSG DIE DSG Rep(c—;t)ltlon statistics (x?) df p-value
Int2  [21.32+11.84* 1.29+1.09° 2.93+3.44° 0.33+0.22° 3 20.30 3 | 0.00015
Int4  [21.32+11.84* 1.33+1.27° 0.36+0.10° 0.17 +0.08° 3 24.94 3 |159x10°
L |Int5  |21.32+11.84% 2.52+3.29" 0.35+0.19" 0.30 + 0.14" 3 1751 3 | 0.00055
§ nt7 [21.32+11.84* 0.93+0.83° 0.36+0.18" 0.47 £0.27° 3 18.31 3 | 0.00038
é Int9  |21.32+11.84* 0.48+0.24° 0.21+0.08° 0.58 + 0.41" 3 21.82 3 [7.13x10°
Int13 [21.32 +11.84% 7.07 +5.31° 0.44+0.30° 0.39 +0.32° 3 24.79 3 [1.71x10°
phiC31|21.32 + 11.84% 10.79 + 3.72% 2.36+2.00° 1.37 +1.22° 3 20.96 3 | 0.00011
Bxbl [21.32+11.84% 16.02 +7.25% 1.82+1.98° 2.30 +2.74 3 20.29 3 | 0.00015
£ Int 2 1.80 +0.49% 0.12+0.04" 0.04+0.03° 0.02 +0.03° 3 29.37 3 |1.87x10°
% 5 |4 1.80+0.49° 0.03+0.03" 0.02+0.02" 0.01+0.01° 3 23.04 3 |397x10°
a | 3 [nt5 144+0.79* 0.04+002° 0.01+0.01° 0.02+0.03°| 3 2357 3 |3.08x10°
2 E Int 7 1.44+0.79 0.03+0.02° 0.02+0.02° 0.02+0.01° 3 20.95 3 | 0.00011
% E Int 9 451+3.99° 0.28+0.12° 0.02+0.02° 0.01+0.01° 3 30.46 3 |110x10°
@ § Int13 | 451+3.99%° 0.74+057° 0.02+0.02° 0.01+0.01° 3 29.19 3 [204x10°
phiC31| 1.34+0.48% 0.13+0.03" 0.04+0.04° 0.02 +0.01° 3 29.68 3 |1.61x10°
Bxbl | 1.34+048% 0.33+0.12° 0.03+0.02° 0.01+0.01° 3 30.84 3 |9.18x107
Int2 |30.95+8.79% 2.71+229° 0.00+0.01° 0.02 +0.03° 5 5231 3 [257x10™
Int4 | 30.57+4.31% 17.77 +3.70° 0.00 +0.00° 0.00  0.00° 3 33.76 3 |222x107
& |NtS 23.08+552% 0.14+0.13° 0.00 +0.00° 0.01 +0.02° 3 28.96 3 [228x10°
< |nt7 27.91+10.99% 10.96 +3.92° 0.01 % 0.03° 0.00 + 0.00° 4 43.01 3 [245x10°
§ Int 9 28.44 +3.03* 16.44 +7.59° 0.01+0.02° 0.00 +0.01° 3 3133 3 [7.24x107
INt13 | 21.40+9.12% 24.24 +9.98% 0.01+0.02° 0.01 +0.02° 4 38.70 3 |[201x10®
phiC31| 2584 +8.74* 9.87+3.14° 0.01+0.02° 0.01 +0.02° 3 30.15 3 [1.28x10°
Bxbl |25.84+8.74% 10.47 +2.57° 0.04 +0.10° 0.01 +0.02° 3 30.53 3 [1.07x10°

Different letters indicate significant differences among the data in each line obtained by the
Kruskal-Wallis test at the 5% statistical probability level.



Supplementary Table 3. Number of PCR cloned sequences after Int activity on

the switch GFP systems and observed
fibroblast and plant protoplast cells.

covered mutations in HEK 293T, bovine

Switch GFP system

g:;! Sequence description Int2 Int 4 Int5 Int 7 Int9 Int 13 phiC31 Bxbl
Total sequenced clones 7 9 16 16 16 17 10 9
Selected high quality sequences 11 16 31 31 31 31 20 18

—

% |attL coverage mutations 0 0 0 0 0 0 0 0

N

« . 7 SNPs

ii |edgfp coverage mutations 2 SNPs 3 SNPs 6 SNPs 4 SNPs . 0 4 SNPs 5 SNPs

T 2 deletions
attR coverage mutations 0 0 0 0 0 0 0

g Total sequenced clones 11 18 19 24 16 24 10

% Selected high quality sequences 16 32 33 48 32 44 20 14

E attL coverage mutations 0 0 0 0 0 0 0 0

4] } 5 SNPs 4 SNPs 3 SNPs

c

_g egfp coverage mutations 2 SNPs 5 SNPs 1 deletion 1 deletion 3 SNPs 1 SNP 9 SNPs 1 deletion

@ |attR coverage mutations 0 1 SNP 0 0 0 0 0 0
Total sequenced clones 29 37 18 36 12 40 23 15

% Selected high quality sequences 50 66 32 72 23 74 33 28

g_ attL coverage mutations 0 0 0 0 0 0 0 0

° ) 2 SNPs

a |egfp coverage mutations 1 deletion 2 SNPs 3SNPs 10 SNPs 0 5 SNPs 4 SNPs 8 SNPs
attR coverage mutations 0 0 0 1 SNP 0 0 0 0




Supplementary Table 4. Summary of the statistical analysis of the EGFP-positive
cell percentages obtained by flow cytometry assays with the switch promoter
system in plant protoplasts.

_ pGFP 39.12 + 12.30°

g pIE Int2 + pSP 32.21 +5.88"

S | Q |pEmnt+pSP 38.57 + 10.60%°

o ;l plE Int5 + pSP 12.55 + 4.57°

E| S |pspP 7.35 + 2.46°

2 | = |pE It 0.00 + 0.00°

(79}

@ pIE Int4 0.01 £ 0.02°

g pIE Int5 0.01 +0.02°

E Assays Repetition (n) 3

S |Kruskal-Wallis statistics (x?) 64.99

3 |of 7
p-value 151x10

Different letters indicate significant differences among the
data obtained by the Kruskal-Wallis test at the 5% statistical
probability level.



Supplementary Table 5. Number of PCR cloned sequences after Int activity on
the switch promoter system and observed covered mutations in protoplasts.

Switch Promoter system - Protoplast

Int2

Int 4

Int 5

Total sequenced clones
Selected high quality sequences
attL Int 2 coverage mutations
attP Int 4 coverage mutations
attP Int5 coverage mutations

5'end CaMV 35S promoter
coverage mutations

3'end CaMV 35S promoter
coverage mutations

attB Int 5 rc coverage mutations
attB Int 4 rc coverage mutations
attR Int 2 coverage mutations

5'end egfp CDS coverage
mutations

32
56
0
0
0

3 SNPs
0

1SNP

Total sequenced clones
Selected high quality sequences
attB Int 2 coverage mutations
attL Int 4 coverage mutations
attP Int 5 coverage mutations

5'end CaMV 35S promoter
coverage mutations

3'end CaMV 35S promoter
coverage mutations

attB Int5 rc coverage mutations
attR Int 4 coverage mutations
attP rc Int 2 coverage mutations

5'end egfp CDS coverage
mutations

28
39
0

Total sequenced clones
Selected high quality sequences
attB Int 2 coverage mutations
attB Int 4 coverage mutations
attL Int5 coverage mutations

5'end CaMV 35S promoter
coverage mutations

3'end CaMV 35S promoter
coverage mutations

attR Int5 coverage mutations
attP rc Int 4 coverage mutations
attP rc Int 2 coverage mutations

5'end egfp CDS coverage
mutations

37
54
0
2 SNPs
1 deletion

1SNP

o O o o

rc: reverse complement orientation



Supplementary Table 6. Number of PCR cloned sequences after Int activity on
the switch GFP system and observed covered mutations in PBMCs.

Cell Sequence description Int 4 Int13 phiC31 Bxbl
g type Donor 1 I Donor 2 I Donor 3 | Donor 1 I Donor 2 I Donor 3 | Donor 1 I Donor 2 I Donor 3 | Donor 1 | Donor 2 | Donor 3
% Total sequenced clones 10 8 8 11 9 11 9 9 11 9 10 12
g 0 ?;:izﬁgez'gh quality 17 16 14 22 17 20 17 16 19 17 20 22
é D attl coverage mutations 0 1SNP 0 0 1SNP 0 0 0 0 1SNP 0 1SNP
(% egfp coverage mutations| 3SNPs  1SNP 6 SNPs [1I0SNPs 5SNPs 7SNPs | 1SNP 2SNPs 3SNPs|5SNPs 3SNPs 0
attR coverage mutations 0 0 0 0 0 1SNP 0 0 0 2 SNPs 0 0




Supplementary Table 7. Identification, sequences and target systems of the
primers used in this study to amplify attL and attR sites formed after Int activity
in HEK 293T cells, bovine fibroblasts, plant protoplasts and PBMCs.

Primers to amplify attL
Promoter Forward primer (5’ > 3’) Target System
EFa_966F TTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTG Mammalian
35S_282F ATTGATGTGATATCTCCACTGACGTAAGGGATGACGCAC Plant
attR Reverse primer (5’ > 3) Target System
attR _Int2_R GTGTCTACGCGAGATTCTCGCCGGACCGTCGACATACTGC |General
attR _Int4_R AGTTTTCAACCCTTGATTTGAATAAGACTGCTGCTTGTGT General
attR _Int5_R ATAACTCTCCTGGGAGCGCTACACGCTGTGGCTG General
attR _Int7_R CTGTGTGAGAGTTAAGTTTACATGGGCAAAGTTGATGAC General
attR _Int9_R TGGAAGTGTGTATCAGGTAACTGGATACCTCATC General

g |attR _Int13_R GTAGAACTTGACCAGTTGGTCCTGTAAATATAAGCAATCC General

£ |attR_phiC_R2 CCAACTGGGGTAACCTTTGGGCTCC General

E‘ attR _Bxbl_R2 CTGGTCAACCACCGCGGTCTCCGTCGTCAGGATC General

(I-B Primers to amplify attR

5 |[atiL Forward primer (5’ > 3’) Target System

:% attl_Int2_F GGAGTAGCTCTTCGCCCGAGAACTTCTGCAAG General
attl_Int4_F CGACCTGAAATTTGAATTAGCGGTCAAATAATTTGTA General
attL_Int5_F GACGGCCTGGGAGCGTTGACAACTTGCGCACC General
attL_Int7_F GTCCGTCTGGGTCAGTTGCCTAACCTTAACTTTITAC General
attl_Int9_F ATAATTGGCGAACGAGGTATCTGCATAGTTATTCCGAAC General
attL_Int13_F TCCAGATCCAGTTGTTTTAGTAACATAAATACA General
attL_phiC_F TGCCAGGGCGTGCCCTTGAGTTCTCTCAGT General
attL_Bxbl F TGTCGACGACGGCGGTCTCAGTGGTGTACGGT General
Backbone Reverse primer (5’ > 3’) Target System
TermiAni_205R AATGATTTGCCCTCCCATATGTCCTTCCGAGTG Mammalian
NOSt_283R ATAACAATTTCACACAGGAAACAGCTATGACATGATTACG Plant
BB_Termi_R* GTAAAACGACGGCCAGTGAATTGTAATACGACTC Plant

£ |Primers to amplify attL

‘&i Backbone and Promoter | (5’ > 3’) Target System

g Pré_Ints_sitesAt_312F [GCGAAAGGGGGATGTGCT Plant

‘g 35S_125R TAGGAGCCACCTTCCTITTICC Plant

o [Primers to amplify attR

% Promoter and egfp (5">3) Target System

‘g 35S_64F ATCCTTCGCAAGACCCTTCC Plant

» SGFP_150R TGGTGCAGATGAACTTCAGG Plant

*used only with attL_phiC_F and attL_Bxb1_F



Supplementary Methods
Genetic part sequences used to build the vector sets (5’ > 3’)

Integrase recognition sites (orange: core)

attB Int 2
ggacggcgcagaaggggagtagctcticgccggaccgtcgacatactgcetcagcetegtc
attP Int 2 reverse complement sequence
agccaagagcagtgccttgcagaagttctcgogcgagaatctcgecgtagacacatacatgagce

attB Int 4
ttccaaagagcgcccaacgcgacctgaaatiigaataagactgctgcttgtgtaaaggcgatgatt
attP Int 4 reverse complement sequence
aaacgaattacaaattatttgaccgctaaticaaatcaagggttgaaaactttgtaattttt

attB Int 5
gagcgccggatcagggagtggacggcectgggagcegctacacgetgtggcetgeggtcggtge
attP Int 5 reverse complement sequence
cagatcagggtgcgcaagttgtcaacgcicccaggagagttatcgacttgegtattaggg

attB Int 7
agacgagaaacgttccgtccgtctgggtcagtigggcaaagttgatgaccgggtcgtcegttectt
attP Int 7 reverse complement sequence
aagctgaacctgcgtaaaagttaaggttaggcatgtaaacttaactctcacacaggtttataacacc

attB Int 9
tttatattgcgaaaaataattggcgaacgaggtaactggatacctcatccgccaattaaaatttg
attP Int 9 reverse complement sequence
taattggaagttcggaataactatgcagatacctgatacacacttccaacaaaaacaaccac

attB Int 13
gcatacattgttgttgtttttccagatccagitggtcctgtaaatataagcaatccatgtgagt
attP Int 13 reverse complement sequence
tattcggagttgtatttatgttactaaaacaactggtcaagttctacaaatacaaccgttattg

attB phiC31

tgccagggcegtgceccitgggetccecegggegeg
attP phiC31 reverse complement sequence

ccaactgagagaactcaaaggttaccccagttg

attB Bxb1
tcggccggcettgtcgacgacggcgotcicegtegtcaggatcatccggge

attP Bxb1l reverse complement sequence
gtcggggtttgtaccgtacaccactgagaccgcggtggttgaccagacaaaccacgac

Expected attL and attR sites resulting from inversion recombination
(orange: core)

attL Int 2
ggacggcgcagaaggggagtagctcticocccgagaacttctgcaaggcactgctcttgget
attR Int 2
gacgagctgagcagtatgtcgacggtccggcgagaatctcgcgtagacacatacatgagce



attL Int 4
ttccaaagagcgcccaacgcgacctgaaatitgaaitagcggtcaaataatttgtaattcgttt
attR Int 4
aatcatcgcctttacacaagcagcagtcttattcaaatcaagggttgaaaactttgtaattttt

attL Int 5
gagcgccggatcagggagtggacggcecigggagcgttgacaacttgcgeaccctgatctg
attR Int 5
gcaccgaccgcagccacagcegtgtagcegctcccaggagagttatcgacttgegtattaggg

attL Int 7
agacgagaaacgttccgtcecgtctgggtcagtigcctaaccttaacttttacgcaggttcagctt

attR Int 7
aaggaacggacgacccggtcatcaactttgcccatgtaaacttaactctcacacaggtttataacacc

attL Int 9
tttatattgcgaaaaataattggcgaacgaggtaactgcatagttattccgaacttccaatta
attR Int 9
caaattttaattggcggatgaggtatccagatacctgatacacacttccaacaaaaacaaccac

attL Int 13
gcatacattgttgttgtttttccagatccagtigttttagtaacataaatacaactccgaata
attR Int 13
actcacatggattgcttatatttacaggaccaactggtcaagttctacaaatacaaccgttattg

attL phiC31
tgccagggcegtgcecctigagttctctcagttgg
attR phiC31
cgcgcccggggagceccaaaggttaccccagttg

attL Bxb1l
tcggcecggcttgtcgacgacgocggictcagtggtgtacggtacaaaccccgac
attR Bxb1l
gcccggatgatcctgacgacggagaccgceggtggttgaccagacaaaccacgac

Mammalian plasmid parts

Ubiquitin C promoter
ggcctccgegecgggttttggegectcccgegggegeccecctectcacggegagegcetgccacgtcagacgaaggg
cgcagcgagcgtcctgatccttccgeccggacgctcaggacageggeccgctgcetcataagactcggecttagaacce
cagtatcagcagaaggacattttaggacgggacttgggtgactctagggcactggttttctttccagagagcggaacagg
cgaggaaaagtagtcccttctcggcgattctgcggagggatctecgtggggeggtgaacgecgatgattatataaggac
gcgceegggtgtggcacagctagttccgtcgcagecgggatttgggtegeggttettgtttgtggatcgctgtgategtcacttg
gtgagtagcgggctgctgggctggeeggggctitcgtggeecgeegggecgceteggtgggacggaagegtgtggagag
accgccaagggctgtagtctgggtccgcgagcaaggttgccctgaactgggggttggggggagegcagcaaaatgge
ggctgttcccgagtcttgaatggaagacgcttgtgaggcegggctgtgaggtegttgaaacaaggtggggggcatggtgg
gcggcaagaacccaaggtcttgaggccttcgctaatgcgggaaagctcttattcgggtgagatgggcetggggceaccate
tggggaccctgacgtgaagtttgtcactgactggagaactcggtttgtcgtctgttgcgggggceggceagttatggeggtgec
gttgggcagtgcacccgtacctttgggagcgcegegccctcgtegtgtegtgacgtcaccegttetgttggcttataatgcag
ggtggggccacctgeccggtaggtgtgcggtaggcttttctccgtcgcaggacgcagggttcgggectagggtaggcetcete
ctgaatcgacaggcgccggacctctggtgaggggagggataagtgaggegtcagtttetttggteggttttatgtacctatct
tcttaagtagctgaagctccggtittgaactatgcgcetcggggttggegagtgtgttttgtgaagttttttaggcaccttttgaaat
gtaatcatttgggtcaatatgtaattttcagtgttagactagtaaattgtccgctaaattctggccgtttttggcttttttgttagac



EFlalpha promoter
gctceggtgcccgtcagtgggcagagcegceacatcgeccacagtccccgagaagttggggggaggggtcggeaattga
accggtgcctagagaaggtggcgcggggtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgagggtgg
gggagaaccgtatataagtgcagtagtcgccgtgaacgttctttticgcaacgggtttgccgccagaacacaggtaagtg
ccgtgtgtggttcccgegggectggcectctttacgggttatggeccttgegtgecttgaattacttccacgeccctggetgcag
tacgtgattcttgatcccgagcttcgggttggaagtgggtgggagagttcgaggcecttgcgcttaaggagcecccttcgectc
gtgcttgagttgaggcctggcectgggcegcetggggccgecgcgtgecgaatctggtggceaccttcgegcectgtctegcetgcttt
cgataagtctctagccatttaaaatttttgatgacctgctgcgacgctttttttctggcaagatagtcttgtaaatgcgggcecaa
gatctgcacactggtatttcggtttttggggccgcgggceggegacggggceccgtgegtcccagegeacatgttcggegag
gcggggcctgcgagcgcggccaccgagaatcggacgggggtagtctcaagctggcecggcctgcetctggtgectggect
cgcgccgcecgtgtatcgecececgecctgggeggcaaggetggeececggtcggeaccagttgegtgagcggaaagatgge
cgcttcceggecctgetgcagggagcetcaaaatggaggacgcggegcetcgggagagegggegggtgagtcaceceac
acaaaggaaaagggcctttccgtcctcagcecgtcgcttcatgtgactccacggagtaccgggcgcecgtccaggcacctc
gattagttctcgagcttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagtttccccacactgagtgg
gtggagactgaagttaggccagcttggcacttgatgtaattctcettggaatttgccctttttgagtttggatcttggttcattctca
agcctcagacagtggttcaaagtttttttcttccatttcaggtgtcgtga

egfp reverse complement sequence
ttacttgtacagctcgtccatgccgagagtgatcccggeggeggtcacgaactccagcaggaccatgtgatcgegcttcte
gttggggtctttgctcagggcggactgggtgctcaggtagtggttgtcgggcagecageacggggcecgtcgecgatgggg
gtgttctgctggtagtggtcggcgagctgcacgctgecgtectegatgttgtggeggatcttgaagttcaccttgatgcecgttct
tctgcttgtcggcecatgatatagacgttgtggctgttgtagttgtactccagcttgtgccccaggatgttgccgtectecttgaag
tcgatgcccttcagctcgatgeggttcaccagggtgtcgecctcgaacttcacctcggegegggtettgtagttgecgtegte
cttgaagaagatggtgcgctcctggacgtagcecttcgggcatggeggacttgaagaagtcegtgctgcttcatgtggtcggg
gtagcggctgaagcactgcacgccgtaggtcagggtggtcacgagggtgggccagggeacgggceagcttgececggtg
gtgcagatgaacttcagggtcagcttgccgtaggtggcatcgecctegecctcgccggacacgctgaacttgtggecgttt
acgtcgcecgtccagetcgaccaggatgggcaccaccccggtgaacagctectegeccttgcetcaccat

B-globin poly(A) signal terminator
agcggccgcactcctcaggtgcaggcetgectatcagaaggtggtggctggtgtggecaatgcecctggctcacaaatacc
actgagatctttttccctctgccaaaaattatggggacatcatgaagccccttgagcatctgacttctggctaataaaggaa
atttattttcattgcaatagtgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatcatttaaaacatc
agaatgagtatttggtttagagtttggcaacatatgccatatgctggctgccatgaacaaaggtggctataaagaggtcate
agtatatgaaacagccccctgctgtccattecttattccatagaaaagccttgacttgaggttagatttttittatattttgttttgtgt
tatttttttctttaacatccctaaaattttccttacatgttttactagccagatttttcctectetcctgactactcccagtcatagctgte
cctcttetcttatgaagatccectcgacctgcagcccaagcettggegtaatcatg

Integrase 2 H. sapiens codon optimized sequence
atgcccatcgccccggagttcctgagtttggectatccgggacaagagtttcctgcttatctctacgggagggcttccaggg
atccgaagagaaaaggtcgaagcgtccaaagccaattggacgaagggagggcaacctgtcttgatgctggatggcect
attgctggggaatttaaagatgtagacagatcagcatctgcctatgctaggaggacgcgagatgaatttgaagagatgat
cgcaggaatccaggcgggggagtgccggattcttgtggcetttcgaagcegtctcgatattacagagatttggaggcctatgtt
cggcttcggcgagtctgccgggaagcaggcgticttctitgctataacggtcaggtgtacgatcttagtaagagtgcagata
gaaaggcgacggctcaggatgcggtgaacgcagaaggcgaagccgacgatataagagaaagaaacctccgcacc
accagacttaatgccaagcgagggggagctcatgggcectgtcccagatggatataagagacgatatgatccagattcc
ggagatcttgtcgaccaaatcccgcaccccgacagagccggtttgataactgagatttttaggcgggcageggceggecg
agccactggccgctatctgccgagatctcaatgagaggggcgaaactacccaccgaggcaaagcatggcagaggca
ccacctgcatgcgatccttcgcaatccagcttatatcggtcatagaagacatctcggtgttgacacaggtaaaggaatgtg
ggcacctatttgcgatgatgaggactttgcggaaacctttcaggctgtccaggaaatcctcagtcttccagggagacagtt
gagcccgggccctgaagcgcaacatttgcagacagggatcgcacttigcggagaacacccggacgaaccgecgctta
ggagtgtgactgttcgaggccgcacaaattacaattgttccacaagatacgatgtggcgatgcgagaagaccgcatgga
tgcgttcgtcgaggagtccgtcatcacgtggctggcectccgacgaagcagttgcagcttttgaagataatactgacgatga
acggacaagaaaagcgaggatcagactcaaagttcttgaagagcagctcgaggctgcacaaaaacaggctagaac



actccgcccggacggaatgggcatgctecttagtatagattccttggccggcttggaagcecgaacttactccacagatag
acaaggcgaggcaggagagtcggtctttgcacgtacccgctctcttgagagacctgttgggcaaaccgcgagctgatgtt
gaccgcgcatggaacgaagcactcacgttgccccagcgcecgaatgatactgcgceatggttgtcactatccgectcttcaa
agcaggatctcgaggtgtacgggcgatagagccaggtcgaattaccttgagttatgttggagaaccaggatttaagcccg
tgggcggaaatcgagcaaaacagtaa

Integrase 4 H. sapiens codon optimized sequence
atgatcaccacacgcaaggtggccatatacgtccgcgtatctacgactaatcaagccgaagagggatattctatacagg
gccaaatcgattcccttatcaagtactgcgaggctatgggttggatcatatatgaggaatatactgacgcaggagttttcagg
cggcaaaattgatcggcccgccatgagtaagcttattactgatgccaaacacaagagattcgataccattctggtgtaca
aattggatcggctgtcaagaagcgtgcgggatacactttacttggttaaggatgtatttaatcaaaacaacatccacttcgtc
tcccttcaggagaatatcgacacatcttccgcgatgggaaatctttttttgaccctectttctgccatagcggagtttgagega
gagcagatcacggagcgcatgaccatggggaaaataggtcgggccaaatcagggaagacaatggcgtggacctata
caccgttcggctacgattataataaggagaagggtgaacttatacttgatcctgccaaggcacccatcgtgaaaatgatat
acaccgattacttgaagggtatgtcaattcaaaagatagtggataaactcaataaaatggattacaacggcaaggattgc
acatggtttccccacggcgtgaaacatctcttggataatccggtgtactacggtatgacaagatataacaataagcttttccc
cggcaatcatcagccgataattacaaaggagttgtitgataagacccagcgcgagagacaacggaggegactcggea
tcgaggaaaaccattatacaataccgtttcaggcaaaatatatgctcagtaagttcctcaggtgtcgccagtgeggcetccc
gaatggggcttgaattgggtcgcccgegcaagaaggaaggcaagcgcagtaagaaatactactgectcaatagccga
ccgaaacggacagcttcatgtgacactcccectgtatgacgccgaaaccctggaagattatgtgctgcacgaaatagcta
aaatacagaaagacccctcaatagcaagtagacagaagcatattgaagatcacgaactcaaatataagcgagaacg
catagaggcaaatataaataaaaccgtgaatcaacttagcaagctgaacaacctttaccttaacgacctcattactcttga
ggacctcaagacacagactaacacactcatcgcgaaaaagcggctgtiggagaatgaacttgacaagacatgcgata
atgacgacgaacttgacagacaagagacaatagcggactttctggcattgccagacgtttggactatggactatgaaggt
caaaagtatgccgtggagcttctcgttcagcgcgtcaaagttgacagagacaacatagacatacattggacgttttaa

Integrase 5 H. sapiens codon optimized sequence
atgccgggaatgaccacggaaaccggaccagatccggcaggtttgatagacctgttttgccgcaaatctaaggcagtg
aaaagccgggctaatggagctgggcaacggagaaaacaggaaatctctattgctgctcaggagacgctggggegea
aggtcgctgccctgctcggcatgcaagtccgcecatgtgtggaaggaagtaggtagcgcgagticgaticagaaagggaa
aggcaagggatgatcagagtaaagcccttaaagcacttgagagtggggaggtcggggcegctctggtgctatcggcttg
accgatgggataggggaggcgcgggagcaattcttaaaattatagagcccgaggatggcatgccgcgaagattgctttt
cggctgggatgaggatacaggtcgacccgtattggattctacaaataaaagggaccggggtgagctgatcagacgagce
ggaggaagcccgagaagaagcagaaaaactgtcagagcgcegtccgcgatactaaggcacatcagcgcgagaacg
gggaatgggtaaacgcgcgcgcaccatatggcctccgagtggtcttggtgactgttagtgatgaggagggcgacgagta
tgatgaaaggaaattggctgcagacgatgaagatgctggtggacccgatggtctcacaaaagctgaagcggcacggct
ggtcttcactctcccggttaccgaccgactttcctacgcaggtaccgcccatgcaatgaacactcgggaaattccatcacc
gacaggcggtccatggatagctgtgacagttagggacatgatccagaaccccgcttatgcggggtggcagaccacag
gcaggcaggatggaaaacaaaggcgcttgacattctacaacggagaggggaaaagggtctctgtcatgcacggccc
acccctggtaacagatgaagaacaggaagcggccaaggcggcagtcaaaggcgaagacggagtaggtgtgecgcet
tgacggctcagatcatgacacacgccgcaaacatctcctcagtggtaggatgcgatgtccgggatgtggtggcetcatgcet
cctactcaggtaacggttaccggtgttggagatctagtgttaaagggggctgtccagcaccgacgtacgtggccagaaa
gtcagtcgaggagtatgtggcttttaggtgggccgctaaactggcggcctccgagectgatgacccctttgtaatagetgtg
gcagatcgctgggcagctitgacacacccacaggcticcgaagatgaaaaatacgctaaagctgcggticgagaagca
gagaagaatcttggccggctgctgcgagaccggcagaacggcgtctatgatgggcccgcggagceagttetttgcgecg
gcttatcaagaagccctttcaacgctgcaggcggctaaggatgcetgtctcagaaagcetccgcatccgcagcagtggatgt
aagttggatagtggatagttccgattacgaggagctgtggcttcgggcgaccccgacaatgaggaatgcgattattgata
cttgcatcgacgagatttgggtggcaaagggacaacgagggagaccgtitigatggagatgaacgggtcaagattaaat
gggcagctcggacgtaa

Integrase 7 H. sapiens codon optimized sequence

atgaaggtagctatatacgtccgcgtctcaacagatgaacaagctaaggagggattctccattccggcgcagagagag
aggctcagggctttttgtgccagtcaagggtgggagatcgtgcaagaatatatcgaagagggctggagcgcaaaggac
cttgatcgcccacagatgcagcegattgctgaaggacataaaaaaagggaacatagacatagtgctggtctataggcettg
accgacttaccaggtcagtcctcgatctctacctgttgctccaaacattcgaaaagtataacgtagccttccgatccgetac



cgaggtttacgacacaagcacagctatggggcgactttttattaccttggttgccgetttggcgcaatgggaacgcgaaaa
tctcgcagagagagtaaagttcggcatagaacagatgatcgatgaaggcaaaaagcctggtgggcattcaccatatgg
ctataagttcgataaagacttcaactgtacgattattgaagaggaggcagacgttgttaggatgatataccgcatgtactge
gatggatatggctataggagtattgccgatcgactgaatgagcttatggtaaaaccaagaatagctaaagagtggaatca
taacagtgttcgcgacatccttactaacgacatatatatcggcacgtaccgatggggagacaaggtggttccaaacaacc
acccacctatcattagtgaaactttgtttaagaaagcgcaaaaagaaaaagaaaagcgaggagtggatcgaaagaga
gttggtaagttcctgtttactggtcttctccagtgttgtaattgtggaggacacaagatgcaggggcacttcgacaaacgcega
gcaaaagacttactacagatgcacgaagtgtcacaggattaccaatgagaaaaatatcctggaacccttgttggatgag
atacagttgctgataacatccaaggaatattttatgtctaaatttagtgaccgatatgatcaacaggaagtagtagacgtttct
gctcttacgaaagaactggagaagatcaagcgccaaaaggagaagtggtatgatctctatatggacgatcgcaatcec
attcctaaggaagagttgtttgcgaaaatcaatgaactgaacaagaaagaagaagagatatattccaagttgagcgag
gtagaggaggacaaagagcccgtcgaagagaaatgcaatagactgtccaagatgattgattttaagcagcaattcgaa
caggcgaacgacttcacgaaaaaggaattgttgtttagcatatttgyaaaaaatcgtaatttatagggaaaaaggtaagct
gaagaagataactctggactacactctcaagtaa

Integrase 9 H. sapiens codon optimized sequence
atgaaggtggccatttacacgcgagtgagtactttggaacagaaggagaaggggcatagtattgaggaacaggaacg
caagctgcgggcctacagtgacatcaacgattggaaaatccataaagtatacactgacgcaggatacagcggggega
aaaaggatcgcccagcacttcaggaaatgttgaatgagattgataattttgacctcgtcctcgtctacaagttggataggcett
acaaggagtgtgaaagacctccttgagattctcgagctgtttgaaaacaagaacgtcctgtttagatcagccactgaggtc
tacgatactacgtcagctatgggtcggctetttgttactctggttggcegetatggctgagtgggaacgcacgacaattcagg
agagaactgcgatggggcgacgagcgagtgctcggaaaggacttgccaagactgttccaccgttttactacgacaggg
tgaatgataagtttgttcccaacgaatataaaaaggtcctgcgcttcgcggtcgaagaggcaaaaaaagggacaagctt
gcgagagatcaccattaaactgaataactccaagtataaagctccattgggcaagaattggcatcgaagtgtgatagga
aatgcactgacgagcccggttgccagggggcacttggtctttggcgacatttttgtcgagaacacccatgaggcgattata
agtgaagaagagtacgaggagataaaactcaggatctctgagaaaacgaatagcacaatagttaagcacaacgcca
tattcagatcaaaactgctgtgtcccaattgcaaccagaagctgacactgaataccgtgaaacataccccaaagaacaa
ggaggtttggtattctaaactgtacttctgcagtaattgcaagaacacaaagaacaaaaatgcatgcaacattgacgagg
gagaggtgctgaagcaattttataattacctgaagcaatttgacctgacgtcctacaaaatagaaaaccagccgaaaga
aattgaggatgtggggatcgacatcgaaaagcttcgcaaggagcgggcacgatgccagacacttttcattgagggcatg
atggacaaagatgaagcttttcccatcatttcaagaatagataaggagatccatgagtatgagaagcggaaggataacg
acaaggggaagacgttcaactacgagaagataaagaatttcaagtactcccttcttaatgggtgggaactcatggaaga
cgagctgaaaacggaattcatcaaaatggctatcaaaaacatccacttcgagtatgtgaaggggattaaaggtaaaag
acaaaatagtctcaagataaccggtatagagttttactaa

Integrase 13 H. sapiens codon optimized sequence
atggcagtcggaatttatattcgagttagtacccaagaacaggcgtccgaaggccactctatagaatcccaaaaaaaga
agctggccagctactgcgagattcagggatgggacgattatcgcttctacatcgaggaaggtatctccgggaaaaacac
aaatcggccaaagttgaaactgctcatggaacatattgaaaagggaaagattaatattctcctcgtatatcgcctcgaccg
actcacacgctctgtgatcgatttgcacaagctgcttaactttttgcaggagcatgggtgtgcatttaaatcagcgacagag
acctatgatacgacgacagcgaatggtcgcatgtccatgggtattgtcagtctcttggcccaatgggaaacagagaatat
gtccgaacggataaaacttaaccttgaacacaaggtgctcgtcgaaggggagagagtcggagcegatcccctacggatt
cgacctctccgacgacgaaaagcttgttaagaacgaaaaatctgccatattgctggacatggtggaaagagtcgagaa
cgggtggtcagtcaatcggattgtcaactatttgaatcttactaataatgatcggaactggtccccgaacggtgttctgegec
tgctgcggaacccggccctgtacggcgccacacggtggaacgacaagatcgctgaaaacacgcacgaaggcattat
ctctaaagaaagatttaatcggcttcagcagatattggcagaccgctccatacaccaccgaagggacgtgaaaggtact
tatatatttcaaggggtcttgcgatgtcccgtctgcgaccaaaccctgagtgtaaaccgctttattaaaaaacggaaggatg
ggacggagtattgcggcgtcctgtatagatgccaaccatgcataaaacagaataaatacaatcttgccatcggagaagc
tcgattcctgaaggctctcaatgaatatatgtccacagtagagtticagacggttgaggatgaagtaatacccaaaaaaa
gtgagcgagaaatgctcgagtcacagcticaacagatcgctagaaagcgagagaagtaccaaaaggcegtgggcectc
agaccttatgagtgacgatgagtttgaaaagctgatggtagaaacgagagaaacgtatgatgagtgtaaacaaaagctt
gagtcttgtgaagacccaataaagatcgacgagacttaccttaaagagatagtttatatgticcaccagacgttcaacgat
ctggagtctgagaagcaaaaagaatttatctcaaagtttaticgcacgattcgatacactgtaaaggagcaacaaccaatt
cggccggataaatctaagacggggaaagggaagcagaaagttatcataacggaggttgagttctatcagtaa



phiC31 H. sapiens codon optimized sequence
atggacacatacgcaggagcgtatgatcggcagtcccgcgagcgagagaacagcagtgccgcaageccggegacc
cagcgatccgccaatgaagataaagcggcagacctccagcgggaagtagaaagagatggaggtaggtttagatttgt
aggacatttttccgaggctccaggaacctccgcattcggcacggcagaacgacctgagtttgagcgceatcctgaatgaat
gtagggccggcaggctcaacatgatcatagtatatgacgtgtcacgcttctccaggctcaaggtgatggacgctattccaa
tcgtctcagagcttctcgetctcggagtgaccatcgtcagcacccaagaaggtgtcttcaggcaggggaacgtaatggat
cttatacatcttattatgcgcctggacgcttcccacaaggaatcatccctcaagtccgcgaagatactcgatactaagaacc
tgcagcgcgagttgggtggttatgttggtggaaaggcecccatacggtttcgaattggtgagcgaaacgaaggagattace
aggaatgggcgcatggttaatgttgtaataaacaaactggctcacagcacaaccccactgaccggccccttcgagtttga
acccgacgtgattagatggtggtggcgggagatcaagacgcataagcaccttccgtttaagccggggtcacaggecge
aattcatcctggttctatcacaggtttgtgcaaacggatggatgctgatgcggtgectacccgaggggaaacgatcggea
aaaagacggcttcatcagcctgggatccggccacggttatgcgcatacttagagacccacgcatcgegggctttgcage
cgaggttatatataaaaaaaagccagatggcacacctaccaccaaaatagaagggtaccggattcagcgagatccga
ttactctcaggcctgttgagctggattgcggtcecgataattgageccgcetgaatggtatgaactccaggegtggetcgacgg
tagggggcgcgggaagggcectgageccgaggecaggctatactgtccgecatggataaactgtattgcgagtgtggtge
ggtaatgacctccaaaagaggagaagaaagcatcaaggattcatatcgatgcagaaggcgcaaagttgtggacccct
ctgcacctggtcaacatgaggggacatgcaatgtatcaatggctgcgctcgacaagtttgtagccgagcggatattcaat
aagattagacacgccgagggagacgaggagactcttgcactgctctgggaggcageccggcegctttgggaaactgac
ggaggcccctgaaaaaagtggtgaacgcgctaaccttgtagcggagagageggatgcactcaacgegttggaagaa
ctttatgaggaccgggcagcaggcgcctatgacggtccagtcgggcgaaagceactttaggaaacaacaggcecgceactt
actcttcgccagcagggggcggaggaacgactcgctgagtiggaagcggcagaggeccccaagttgeccttggacca
gtggttccccgaagatgccgatgcagatccaacagggcectaagagetggtgggggcgggegtecgtcgatgataaga
gagtgtttgttggcttgttcgtggacaagattgtggtaaccaagtcaactactggtcggggtcaaggtaccccaatagaga
agcgggccagcataacatgggcaaagcccccgacggacgacgatgaggacgatgctcaagacggaaccgaagat
gttgctgcttag

Bxb1 H. sapiens codon optimized sequence
atgcgggcactggtggtaattaggctctccagagttactgacgctacgaccagccctgagaggcaacttgaaagctgec
agcagctctgtgcgcaacggggctgggacgtegttggagtggcggaagacctcgatgtttccggtgcagtagatccectte
gataggaagcggcgcccgaatttggctcgatggcetcgctitcgaagagcaaccattcgatgtgatcgttgectatcgagtc
gacaggttgacaagaagtattcgccatcttcaacaattggttcattgggcagaagatcacaaaaaattggttgtctccgcta
cggaagcacactttgatacaactacaccgtttgcagcagttgtcatagctctgatgggtaccgttgcacaaatggaattgg
aagctattaaagagcgaaatcggagcgccgcgcactttaacatcagggcaggcaagtaccgcggcagtctcccaccce
tggggctacctgccgactagagtggatggcgaatggeggttggtgcccgaccecggtccaacgggaaagaatccttgaa
gtgtaccatcgagttgtggacaatcacgagccccttcacctggtagctcatgattigaatcgccggggagttttgagecccga
aagattatttcgcccagctgcaagggagggaaccacagggtcgggagtggagtgctactgctctgaaaagatccatgat
tagcgaagccatgctgggatacgcaacccttaacggcaaaaccgttagggacgatgacggagcgceccctggttcggg
ccgaaccaattcttactcgcgagcaactggaagcactgcgggctgagcetggtcaaaacatcacgggctaaaccggeg
gtgagcacaccaagtttgttgcttcgagtattgttttgcgccgtttgtggagagccagcatacaagtttgccgggggtgggag
aaaacatccccgctatagatgccgcagcatgggcttcccgaagcattgtggaaacggtacagtagcgatggctgagtg
ggatgcattctgcgaagaacaagtccttgacttgcttggcgacgcagaacgcctggaaaaggtatgggtagctgggtcc
gactccgctgtagaacttgctgaagtcaatgcagaactggtcgatctcacatcccttattggctctccagcgtaccgagctg
gctccecgcaacgcegaggceacttgatgccagaatagcggceactcgccgcgagacaagaggaattggaggggttgga
agctagaccttctggatgggaatggagggaaacaggccagcggttcggggattggtggcgcgagcaagatactgegg
cgaagaatacgtggcttaggagcatgaacgtccggctgacgticgacgttagaggggggcttaccaggactatcgatttc
ggagatttgcaggagtatgaacaacacttgaggcttggtagcgtagtggagagactgcatacagggatgtcttag

Plant plasmid parts

Actin2 promoter

aaaatttagaacgaacttaattatgatctcaaatacattgatacatatctcatctagatctaggttatcattatgtaagaaagttt
tgacgaatatggcacgacaaaatggctagactcgatgtaattggtatctcaactcaacattatacttataccaaacattagtt
agacaaaatttaaacaactattttttatgtatgcaagagtcagcatatgtataattgattcagaatcgttttgacgagttcggat
gtagtagtagccattatttaatgtacatactaatcgtgaatagtgaatatgatgaaacattgtatcttattgtataaatatccata



aacacatcatgaaagacactttctttcacggtctgaattaattatgatacaattctaatagaaaacgaattaaattacgttga
attgtatgaaatctaattgaacaagccaaccacgacgacgactaacgttgcctggattgactcggtttaagttaaccacta
aaaaaacggagctgtcatgtaacacgcggatcgagcaggtcacagtcatgaagccatcaaagcaaaagaactaatc
caagggctgagatgattaattagtttaaaaattagttaacacgagggaaaaggctgtctgacagccaggtcacgttatcttt
acctgtggtcgaaatgattcgtgtctgtcgattttaattatttttttgyaaaggccgaaaataaagttgtaagagataaacccge
ctatataaattcatatattttcctctccgctttgaattgtctegttgtectectcactttcatcagecgttttgaatctccggegacttg
acagagaagaacaaggaagaagactaagagagaaagtaagagataatccaggagattcattctccgttttgaatcttc
ctcaatctcatcttcttccgetetttctttccaaggtaataggaactttctggatctactttatttgctggatctcgatcttgttttctca
atttccttgagatctggaattcgtttaatttggatctgtgaacctccactaaatcttttggttttactagaatcgatctaagttgacc
gatcagttagctcgattatagctaccagaatttggcttgaccttgatggagagatccatgttcatgttacctgggaaatgattt
gtatatgtgaattgaaatctgaactgttgaagttagattgaatctgaacactgtcaatgttagattgaatctgaacactgtttaa
ggttagatgaagtttgtgtatagattcticgaaactttaggatttgtagtgtcgtacgttgaacagaaagctatttctgattcaatc
agggtttatttgactgtattgaactctttttgtgtgtttgcagctcataaaaa

CaMV 35S promoter
taattcatcaaattataactatatagaccctaatttcatatgagacttttcaacaaagggtaatatccggaaacctcctcggat
tccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggctcctacaaatgccatcattgcgataa
aggaaaggccatcgttgaagatgcctctgccgacagtggtcccaaagatggacccccacccacgaggagcatcgtgg
aaaaagaagacgttccaaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcaca
atcccactatccttcgcaagacccttcctctatataaggaagttcatttcatttggagaggactaactgtgccaaattatcttcc
aaactcctaatccaatt

egfp reverse complement sequence
ttacttgtacagctcgtccatgccgagagtgatcccggeggeggtcacgaactccagcaggaccatgtgatcgegcttcte
gttggggtctttgctcagggcggactgggtgctcaggtagtggttgtcgggcagcageacggggcecgtcgecgatgggg
gtgttctgctggtagtggtcggcgagctgcacgctgecgtectegatgttgtggeggatcttgaagttcaccttgatgcecgttct
tctgcttgtcggcecatgatatagacgttgtggetgttgtagttgtactccagettgtgccccaggatgttgeegtectecttgaag
tcgatgcccttcagctcgatgeggttcaccagggtgtcgecctcgaacttcacctcggegegggtettgtagttgecgtegte
cttgaagaagatggtgcgctcctggacgtagecttcgggcatggcggacttgaagaagtcegtgctgcttcatgtggtcggg
gtagcggctgaagcactgcacgccgtaggtgaaggtggtcacgagggtgggcecagggeacgggcagcttgecggtg
gtgcagatgaacttcagggtcagcttgccgtaggtggcatcgecctegecctcgecggacacgctgaacttgtggecgttt
acgtcgccgtccagetcgaccaggatgggcaccaccccggtgaacagctcctegeccttgctcaccat

NOS terminator
gaatttccccgatcgttcaaacatttggcaataaagtticttaagattgaatcctgttgccggtcttgcgatgattatcatataatt
tctgttgaattacgttaagcatgtaatatttaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgca
attatacatttaatacgcgatagaaaacaaaatatcgcgcgcaaacttggataaattatcgcgcgeggtgtcatctatgag
gactagatcg

Integrase 2 A. thaliana codon optimized sequence
atgccaatagcgccagaatttctctcacttgcttatccaggtcaagagttcceccgegtacctttacggacgagcettctaggg
atccgaaacgtaagggaagatctgttcaatctcaattagacgaagggagagctacgtgtctcgatgcagggtggcecaatt
gctggtgagttcaaagatgtcgatagatcggectccgeatatgctagacgtacacgtgacgaatttgaggaaatgatage
aggaattcaggccggcgaatgtagaattctcgtggcectttgaagcatccagatattatcgagatttagaggcegtatgtcag
gcttagacgagtatgtcgtgaagccggagttctgttgtgttacaacggtcaggtttacgatttaagcaaatccgecgaccga
aaagcgaccgcacaggacgccgttaatgcagagggtgaggcagatgatattagagaacgtaatttgagaacaactag
attgaatgcaaagagaggaggcgctcatggccccgtgcctgatgggtataaaaggagatacgaccctgattcaggtgat
ttagttgatcaaatcccacatccagatagagctggtctgataacagaaatattccgtagggcagcagceggecgagcectct
cgctgctatatgtcgagacttaaacgagagaggagaaacaactcatagaggtaaagcatggcaaaggcaccatctge
acgctatcctgagaaatccagcgtacatcggtcataggagacatcttggcgtggatacaggtaaaggaatgtgggeacc
aatatgtgatgatgaagacttcgctgaaacattccaagcetgtccaggaaatactctctttaccaggaaggcaactatcgcec
cggaccagaagcccaacacctacagactggcattgctttatgcggtgagcatccagacgagccaccactacgttcggtc
actgtaagaggtagaactaattacaactgttctacacgatatgatgttgcgatgagggaggatcgtatggatgcttttgtgga
agaatcagttattacttggcttgcgagtgatgaagcggtggctgctttcgaagataatacagatgatgagagaacgagaa



aagccagaattcgacttaaagttctagaagagcaattagaagccgctcaaaaacaggctagaacactccgtcctgatg

ggatggggatgctcttgtctatcgactctcttgctggtctcgaggcecgaacttacgccacagatagacaaggcaaggcaa
gagagcagatccctgcatgtacccgceacttttgcgtgaccttctaggcaagccacgagcagacgttgatcgtgcatggaa
cgaagctctaaccctccctcagagacgtatgatacttaggatggttgttacgattagactattcaaggegggttctegtggtg
tcagggcaatagagcctggtcgaattacgctcagctacgttggagaacctggatttaagccagtgggtggtaacagagce

aaaacagtga

Integrase 4 A. thaliana codon optimized sequence
atgattacgaccagaaaggtggctatatacgttcgtgtcagcactactaatcaggctgaggaagggtatagtattcaaggt
caaatcgattcactaataaagtactgcgaagctatgggctggatcatctatgaggaatatactgatgccgggttcagtgga
gggaagattgataggcccgctatgagtaaattaatcacggatgcaaagcacaagagatttgatacgattcttgtctataaa
cttgacagattaagtagatccgtcagggacacgttatacctggtgaaggatgtcttcaatcagaacaatatacacttcgtga
gcctacaggaaaacatcgatacttcctcagcgatgggtaatctattcttgaccctcttatcagcgatagctgagtttgagega
gaacaaattacggagcgaatgacgatgggcaagattgggcgagccaaatctggtaagacaatggcttggacatatact
cctttcggatacgactacaacaaggagaagggagagctcatccttgacccagccaaagctcctatcgtgaagatgattta
caccgactatttaaaagggatgtccatacagaaaattgttgacaagctgaataagatggattacaatggtaaagattgca
cttggttcccgeatggegtgaagcacctcctagacaatccagtctactatggaatgacaaggtataacaacaaattattce
ctggaaatcatcagcctattatcaccaaggaactattcgacaagacccagagagagagacagaggcgacgattggge
attgaagagaatcattacacaattccattccaggctaagtacatgctgtctaaattcttgcgatgcaggcagtgcggttcaa
ggatggggctcgaacttgggagacctcgtaagaaggaaggtaaaaggtcaaagaaatactattgtctgaattctagacc
taagaggacggcttcctgcgacactcccctatacgatgctgagacactggaagattacgtgctgcatgaaattgccaaaa
tccaaaaggatccgtcaatcgcgagtcgacaaaaacatatcgaggatcacgagttaaagtacaagcgtgaacgtattg
aagccaatataaataaaaccgtaaatcaactgtccaagttgaacaatttgtacctaaacgacttgatcaccttggaggac
ctcaagactcagacgaacacacttatagcgaagaaacgtcttctcgaaaacgaacttgataagacatgcgacaacgat
gacgaacttgataggcaggaaactattgccgacttcctggetctacctgatgtgtggacgatggactatgagggccagaa
gtatgctgttgagttgttagtccagagagttaaagtggacagggataacatagatatacattggaccttttaa

Integrase 5 A. thaliana codon optimized sequence
atgccaggcatgacgacagagaccggacccgacccggcagggttaatagacctgtictgtagaaaaagcaaagctgt
caaatctagggctaatggggcgggtcaaaggagaaaacaggaaatttccatagcagcgcaggagacgcetcgggag
gaaggtagccgcgttgttaggaatgcaagtcaggcatgtatggaaggaggtaggatctgccagcagattcagaaaggg
aaaggcgagggatgaccagtccaaagctctaaaggcccttgagtctggagaggtgggegeactgtggtgctatcgtcta
gatagatgggatagagggggtgcaggtgctatccttaagataatcgaaccggaggacggtatgcctcgtcgattgttgttt
ggctgggacgaagatacaggcaggccggtgctggacagtactaacaaacgagaccgtggtgaactaatacgacgag
cagaagaggctcgtgaggaggcggaaaagcttagtgagagggtaagagatactaaagcgcatcaaagagaaaacg
gggaatgggtaaatgctagggcgccgtacggactcagggttgtacttgtcacagtatccgatgaagaaggcegatgagta
cgatgaacgaaagcttgcagcagacgatgaagacgctggaggceccggatggtctaacgaaagcggaggecgeacy
actcgtgttcacacttcccgtcactgatcgactatcctacgcgggaacggctcatgctatgaatacccgagaaataccetct
ccgactggggggccatggattgccgtaacggtcagggatatgatacagaaccccgcctacgcgggetggcagacaac
cgggcgacaggacggtaaacaacgaagacttaccttttataatggtgaaggaaagcgtgttagcgtgatgcacggacc
accacttgttacggatgaggaacaggaggcagcgaaggcagcggttaagggagaggatggggtcggagttcccttag
acggttcagaccatgacacgaggcgaaagcatctactctctggccgaatgcgatgtcetggetgegggggctectgttca
tacagtggcaatggctatagatgttggagatcttcagtcaaaggcggttgcccecgeccccacgtatgtcgcgaggaagte
cgtagaagagtatgttgcttttaggtgggctgctaagctegetgectcagagcecggatgatccttttgttatagecggttgcaga
taggtgggcggcgttaacccatcctcaggcgagcgaagatgagaaatatgccaaagcetgecgttcgagaggcagaga
aaaatctaggccgtttgctgcgtgatcgacaaaatggagtctacgacgggcecggceggagcaatttttcgcaccegceatat
caagaggcattaagcacacttcaggcagccaaggatgccgttagtgaaagcetcagecgagtgctgctgtagacgtgage
tggatcgtagacagtagcgattacgaggagctatggttaagagctacgccgacaatgaggaatgccataatagacacg
tgtatagatgagatttgggttgcgaagggtcagaggggaaggccgticgatggggacgagcgagtaaagattaaatgg
gcagcgcegtacataa

Integrase 7 A. thaliana codon optimized sequence
atgaaggtagcgatctatgtccgtgtgtcaactgatgagcaggccaaggaaggattttccatcccagcgcagagagaaa
gattaagggcattttgtgcctcacaaggctgggagatcgtacaggagtatatcgaagaggggtggtctgcgaaggatttg
gacagacctcagatgcagagactgcttaaggatataaaaaaaggtaacatcgacattgtcctcgtatacaggttggata



ggctaactaggtccgttctggatctttatctgctcctgcaaacatttgagaagtacaacgtggcttttcgtagtgctacggagg
tatacgatacgtcaactgcaatgggccgtttattcattaccttagtggccgetctggcacaatgggagcgtgaaaacctgge
agagagggtaaaatttggaattgaacagatgattgacgagggcaagaagcccggaggtcacagtccctacggttataa
atttgataaggacttcaactgtactataatcgaggaggaagctgatgtcgtgcgtatgatttacaggatgtactgcgatggat
atggctaccgtagtatcgccgaccgacttaatgagttgatggtcaaacccaggatagccaaggaatggaatcataattcc
gttcgagatattcttacaaacgatatttatataggtacatacaggtggggtgataaagtagtccccaataatcatccgccaat
aatctccgaaactttgttcaaaaaagcacagaaggaaaaagaaaagcgtggcgttgaccgaaagcgagtcggaaag
tttctttttacaggactgttgcaatgcgggaattgcgggggacacaagatgcaagggcacttcgataagcgtgagcaaaa
gacttattaccgttgtactaaatgccaccgtatcacaaacgagaagaacatactagagccacttcttgacgagatacagtt
gttaattacgagtaaagagtactttatgagtaaatttagcgacagatacgatcaacaggaggttgtagacgtgagcgcgct
gactaaagaactggagaagataaagaggcagaaggagaagtggtacgatttgtatatggacgatcgaaatccgatcc
ccaaggaagagctatttgccaaaataaacgaattgaacaagaaagaagaggagatatatagtaagctaagtgaagtg
gaagaagataaagaaccggtagaagagaagtacaaccgtctctccaaaatgattgattttaaacaacagttcgaacaa
gcaaatgatttcacaaaaaaggaacttttgttctctatcttcgaaaagattgtaatctatagagagaaagggaaattaaag
aagatcacactagattatactttgaagtaa

Integrase 9 A. thaliana codon optimized sequence
atgaaggtcgctatatacaccagagtaagcactctggagcaaaaggagaaaggtcatictatagaagaacaggagag
gaagctcagagcatactccgatataaacgattggaaaattcataaagtgtatacagacgccggctattccggggcgaag
aaagaccgaccagcactacaagagatgttgaacgaaatagataacttcgatttggtgctcgtttataagctcgaccgact
cactcgttctgtcaaagacctacttgaaattctcgagctatttgagaataaaaatgtactctttcgatctgcgaccgaagtcta
tgataccacatcagccatgggacgacttticgtgacgttggtgggcgcgatggcagagtgggaaagaacgactatticaa
gaaaggaccgcaatgggaagacgtgccagtgccagaaagggtcttgcgaaaacggtacctcctttctattatgacagg
gtcaatgacaagttcgtgcctaatgagtacaagaaagtgttgcgtttcgccgtggaagaagcgaagaaagggactagce
cttagagaaataacaatcaaactgaataacagcaagtacaaggcgccactcggaaaaaattggcacaggtccgtaat
cggaaacgcactcacctcacctgttgctagaggccatctagtatttggggacattttcgtggagaacactcacgaggcegat
aatatcagaagaggagtacgaggaaattaagcttagaatctctgagaagacgaactcaacaatcgttaaacataatgc
gatcttcaggagtaaactactatgtccaaactgcaatcaaaagcttaccctgaataccgttaaacatacacccaagaata
aggaagtgtggtattcaaagctatatttctgcagtaactgtaagaatacgaaaaataagaatgcttgtaacattgacgaag
gtgaggttttaaagcaattctataattatctaaagcaatttgatctgactticctataaaatcgagaaccagccaaaggaaat
cgaagatgtgggtatcgacattgagaagttgaggaaagagcgagcgagatgccagacgctcttcattgaaggtatgatg
gacaaagatgaggcittttcctattatatcacgaatcgacaaggagatacacgagtatgagaaaaggaaagataacgac
aaagggaaaacattcaattatgaaaaaatcaagaactttaagtacagtcttctcaatgggtgggaactcatggaggatga
acttaagaccgagttcataaagatggcaatcaaaaatatacattttgaatatgtgaaagggataaaggggaagaggca
aaattctttgaagatcacgggcatagaattttattaa

Integrase 13 A. thaliana codon optimized sequence
atggctgtcggaatttacatacgagtgagtactcaggagcaggccagtgaggggcattccatagaaagccaaaagaa
aaaattggcgtcttactgcgagattcaggggtgggatgactataggttttatattgaggagggaatatccgggaagaatac
aaatcgtccaaagcttaaactccttatggagcatattgaaaagggtaaaattaatatactactcgtgtaccgattagaccgt
ctaacgaggtcagtaatcgatttgcacaagttattgaatttictgcaggaacacggttgcgccttcaagtccgcaactgaaa
cttacgacacaaccaccgcaaacggaaggatgagtatggggattgtatcactccttgcccagtgggagacggaaaata
tgagcgaacgtataaaactgaatctcgaacacaaagtactagtagagggggaaagggttggggctatcccctacggat
ttgatctaagtgatgacgaaaagctagtgaaaaatgaaaaaagtgcaattctgctggatatggtggagcgagtagaaaa
tggatggtccgtcaatcgaatcgtgaattacctgaatcttacgaacaatgaccgaaattggagtccgaatggcegtcctgeg
tctacttcgaaacccggcgcetctacggggcgacccgttggaacgataagatagctgagaacacacacgaaggaattat
cagtaaagagaggttcaatagattgcagcaaatcctagcagatcgttctattcatcacaggcgtgatgttaagggtaccta
catttttcagggcgtattaagatgtccggtttgtgatcagacattgagcgttaacagattcatcaagaagcgaaaggatggce
acggagtactgtggcgttttgtatagatgccagccctgtattaaacaaaataaatacaatcttgcaattggcgaggcacgat
ttctgaaggctctcaacgagtatatgtccacggtggaatttcaaactgttgaggacgaggtcatccctaagaagagtgagc
gagagatgctggaaagtcaacttcaacagatagctagaaagagagaaaagtatcaaaaagcgtgggcttctgatttgat
gtctgacgacgagtttgaaaagcttatggttgagacccgagagacttacgatgaatgcaagcagaaactcgagtcttgcg
aggaccctatcaaaatcgacgaaacttacttaaaggagatagtttatatgttccatcaaaccticaacgacctggagtccg
agaaacagaaggagttcatctcaaagtttaticgtacaatacgttacaccgtgaaggaacagcaaccaataaggccag
acaagagcaagactgggaaaggcaagcagaaagtcataattactgaggtagaattctatcaataa



phiC31 A. thaliana codon optimized sequence
atggacacatacgcgggtgcctatgacaggcagtcccgtgaacgtgaaaatagtagtgcggcttcccccgecacgcag
cgttccgccaatgaggacaaagcagcagacctccaacgagaggttgagcgagatgggggcaggttcaggttcgtagg
ccacttctctgaagcgcececggcacttccgegttcggcaccgeggagagaccegagticgagegtatactaaatgagtge
cgagcgggtcgactcaacatgataattgtatatgacgttagtaggttctccagactgaaagtaatggatgcaataccaata
gtatcagagcttctagccttgggcegttacgatagtgagcacccaggagggcgtattccgacaagggaacgttatggatett
atacatctaattatgcgacttgatgccagtcacaaggaatcctccctcaagagcgccaagattcttgatactaagaaccta
cagagggagctcgggggttacgtcgggggaaaagcecccgtacggttttgaacttgtcagtgaaaccaaggagattacg
aggaacgggaggatggtcaatgttgtcataaacaagttggcgcactcaactactccattgactggtccgttcgagtttgag
ccagacgtaattcgatggtggtggcgtgagatcaaaactcataagcatttaccttttaaaccgggcagccaggceggceaat
acaccccggaagcatcacaggcctgtgcaaacgtatggacgccgacgctgtgccgaccagaggcgagactattggg
aaaaagactgcctcctcagcatgggatcccgctacagttatgagaattttacgtgaccccagaatcgctggcettcgcage
ggaagtgatttataaaaagaagccagatggcacacccacaacaaaaattgaggggtacaggatccagagagatcct
atcactttaaggccagttgagttggattgtggaccaataattgaacccgccgagtggtatgagcttcaggectggttggatg
gaagaggtcgtggaaaaggcctcagccgtggacaggccatcctatetgctatggacaaattgtattgcgaatgecggegce
ggtgatgacaagcaagcgaggcgaggaatctatcaaggacagctacaggtgtcgtagacgtaaagttgttgacccttca
gcacctggccagcatgagggtacgtgcaatgtctccatggcggegttagacaagttcgtggctgaacgtatatttaacaa
aattcgacatgcagagggcgacgaggagactctagcgttactatgggaagccgegcegtcgatttgggaagttaacgga
ggcgcctgaaaaaagcggagagagagctaatctcgtagccgagegtgcetgatgcactgaatgecgctagaggagcetgt
atgaggaccgtgccgccggggceatacgatgggecggttggaaggaagcatttccgtaaacagcaageggctctgaca
ctgcgtcagcaaggagccgaagagcgattagcggagcetcgaagecgecgaggegcectaaacttccactcgatcagty
gttccctgaagacgcggacgccgatccgactgggeccaaatcttggtggggtcgageatecgttgatgacaagcegtgtat
ttgtgggtctatttgtcgacaagatcgtagtgactaaatcaactacaggccgtggccagggcacgccaatcgagaaacgt
gcgagcataacatgggctaaaccacctacggacgacgatgaagacgatgcacaagatggaactgaggacgttgcag
catag

Bxb1 A. thaliana codon optimized sequence
atgagggccttagtcgtgatccgactatccagggtcactgatgccaccacatcaccagaaagacaactagagtcatgcec
agcaattgtgcgcacaaagaggatgggatgttgtaggcgttgcggaggacctagatgtatcaggtgcecgtggaccecttt
gatagaaaacgaagaccaaacctagcgcgttggctcgcttitgaagagcaaccgtttgatgtgatcgtggcatacagggt
ggatagactaactaggagtatacgacacctacagcagttagtacattgggctgaggatcataagaagctagtggtctctg
caactgaggcccatttcgacacgaccaccccttttgccgeggttgtcattgcgttaatgggcaccgtagcacaaatggaac
tcgaggcaatcaaggaaagaaaccgaagcgcagcacactttaacattcgagccgggaagtaccgaggcetctctgecc
ccttggggctatctcccgacgagggtggatggtgaatggagattagtaccagaccccgtccagagggaaaggattctag
aagtgtaccaccgagtggtggataatcacgaaccgctccacctcgtggcgcacgacttaaaccgtcgtggggtgctetct
ccaaaggactattttgcgcagcttcagggtcgtgaacctcaggggcgagagtggtecgctactgctttgaaacgtagtatg
attagcgaggcaatgttaggatatgctacgctaaacggcaaaaccgtccgagatgatgacggcgegecgctagtacga
gctgaacctatactgacaagagaacagcttgaggctttacgtgcggagttagttaagactagcagggcaaaaccagca
gttagtacgccttcactgttactcagggttctgttttgcgcagtctgtggtgageccgegtacaaattcgetggtggggggcegt
aagcacccgcgttaccgttgtcgtagtatgggcttcccaaagcattgcgggaatggaaccgtggcaatggcggagtggg
acgctttctgcgaggagcaagtattggatctcctcggggatgctgaacgactggagaaagtgtgggtagetgggtctgatt
ctgctgtcgagctagcggaagtaaatgctgaactagtggacttaacgtcecteattgggtctccggeatatagagetggea
gccctcaaagggaagcccttgatgcgegtatcgecgecctcgcagcgagacaggaagaattggaggggctggaggcet
aggccatcaggctgggagtggcgagaaacggggcagcgatttggtgattggtggagagagcaggatacggecgcta
aaaatacgtggcttaggagtatgaacgtgcgtctgacgtttgatgttcgtggtggtctcacacgaactattgactttggtgact
tgcaagaatacgagcagcacttacgattgggaagtgttgttgaacgtctacatacgggcatgagttag
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