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All natural organisms store genetic information in a four-letter, two-
base-pair genetic alphabet. The expansion of the genetic alphabet
with two synthetic unnatural nucleotides that selectively pair to
form an unnatural base pair (UBP) would increase the information
storage potential of DNA, and semisynthetic organisms (SSOs) that
stably harbor this expanded alphabet would thereby have the
potential to store and retrieve increased information. Toward this
goal, we previously reported that Escherichia coli grown in the
presence of the unnatural nucleoside triphosphates dNaMTP and
d5SICSTP, and provided with the means to import them via expres-
sion of a plasmid-borne nucleoside triphosphate transporter, repli-
cates DNA containing a single dNaM-d5SICS UBP. Although this
represented an important proof-of-concept, the nascent SSO grew
poorly and, more problematically, required growth under controlled
conditions and even then was unable to indefinitely store the unnat-
ural information, which is clearly a prerequisite for true semisynthetic
life. Here, to fortify and vivify the nascent SSO, we engineered the
transporter, used a more chemically optimized UBP, and harnessed
the power of the bacterial immune response by using Cas9 to elimi-
nate DNA that had lost the UBP. The optimized SSO grows robustly,
constitutively imports the unnatural triphosphates, and is able to in-
definitely retain multiple UBPs in virtually any sequence context. This
SSO is thus a form of life that can stably store genetic information
using a six-letter, three-base-pair alphabet.

unnatural base pair | CRISPR | Cas9 | DNA replication |
nucleotide transporter

The natural genetic alphabet is composed of four letters whose
selective pairing to form two base pairs underlies the storage

and retrieval of virtually all biological information. This alphabet
is essentially conserved throughout nature, and has been since
the last common ancestor of all life on Earth. Significant effort
has been directed toward the development of an unnatural base
pair (UBP), formed between two synthetic nucleotides, that func-
tions alongside its natural counterparts (1–3), which would repre-
sent a remarkable integration of a man-made, synthetic component
into one of life’s most central processes. Moreover, semisynthetic
organisms (SSOs) that stably harbor such a UBP in their DNA
could store and potentially retrieve the increased information, and
thereby lay the foundation for achieving the central goal of synthetic
biology: the creation of new life forms and functions (4).
For over 15 years, we have sought to develop such a UBP (1),

and these efforts eventually yielded a family of predominantly
hydrophobic UBPs, with that formed between dNaM and d5SICS
(dNaM-d5SICS; Fig. 1A) being a particularly promising example
(5–7). Despite lacking complementary hydrogen bonding, we
demonstrated that the dNaM-d5SICS UBP is well replicated by a
variety of DNA polymerases in vitro (7–10), and that this efficient
replication is mediated by a unique mechanism that draws upon
interbase hydrophobic and packing interactions (11, 12). These
efforts then culminated in the first progress toward the creation of
an SSO in 2014, when we reported that Escherichia coli grown in
the presence of the corresponding unnatural nucleoside triphosphates

(dNaMTP and d5SICSTP), and provided with a plasmid-encoded
nucleoside triphosphate transporter (NTT2) from Phaeodactylum
tricornutum (which we denote as PtNTT2) (13), is able to import
the unnatural triphosphates and replicate a single dNaM-d5SICS
UBP on a second plasmid (14).
Although this first SSO represented an important proof-of-

concept, the generality of the expanded genetic alphabet remained
unclear, as retention of the UBP was explored at only a single locus
and in only a single sequence context. True expansion of the genetic
alphabet requires the unrestricted retention of multiple UBPs at any
loci and in any sequence context. Moreover, several limitations were
already apparent with the nascent SSO (14). First, although ex-
pression of the nucleoside triphosphate transporter enabled E. coli
to import dNaMTP and d5SICSTP, its expression caused the SSO
to grow poorly, with doubling times twice that of the parental strain.
Second, the UBP was not well retained during high-density liquid
growth or during growth on solid media, presumably due to the
secretion of phosphatases that degrade the unnatural triphosphates.
Finally, even under optimal conditions, the nascent SSO was unable
to retain the UBP with extended growth. Clearly, the ability to ro-
bustly grow under the standard repertoire of culture conditions and
indefinitely retain the UBP is a prerequisite for true semisynthetic
life. Here, we used genetic and chemical approaches to optimize
different components of the SSO, ultimately resulting in a simplified
and optimized SSO that grows robustly and is capable of the vir-
tually unrestricted storage of increased information.

Significance

The genetic alphabet encodes all biological information, but it
is limited to four letters that form two base pairs. To expand
the alphabet, we developed synthetic nucleotides that pair to
form an unnatural base pair (UBP), and used it as the basis of a
semisynthetic organism (SSO) that stores increased information.
However, the SSO grew poorly and lost the UBP under a variety
of standard growth conditions. Here, using chemical and ge-
netic approaches, we report the optimization of the SSO so that
it is healthy, more autonomous, and able to store the increased
information indefinitely. This SSO constitutes a stable form of
semisynthetic life and lays the foundation for efforts to impart
life with new forms and functions.
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Results and Discussion
In our previously reported SSO (hereafter referred to as DM1),
the transporter was expressed from a T7 promoter on a multi-
copy plasmid (pCDF-1b) in E. coli C41(DE3), and its toxicity
mandated carefully controlled induction (14). In its native algal
cell, PtNTT2’s N-terminal signal sequences direct its subcellular
localization and are ultimately removed by proteolysis. However,
in E. coli, they are likely retained, and could potentially contribute
to the observed toxicity. Using the cellular uptake of [α-32P]-dATP
as a measure of functional transporter expression and as a proxy
for the uptake of the unnatural triphosphates, we found that
removal of amino acids 1 to 65 and expression of the resulting
N-terminally truncated variant PtNTT2(66-575) in E. coli C41(DE3)
resulted in significantly lower toxicity, but also significantly re-
duced uptake (Fig. S1 A and B), possibly due to reduced ex-
pression (15). Expression of PtNTT2(66-575) in E. coli BL21
(DE3) resulted in significant levels of [α-32P]-dATP uptake with
little increase in toxicity relative to an empty vector control, but
the higher level of T7 RNAP in this strain (16) was itself toxic
(Fig. S1 A and C).
We next explored constitutive expression of PtNTT2(66-575)

from a low-copy plasmid or a chromosomal locus, which we an-
ticipated would not only eliminate the need to use T7 RNAP but
would also impart the SSO with greater autonomy (eliminating
the need to induce transporter production), and, importantly,
would result in more homogeneous transporter expression and
triphosphate uptake across a population of cells, which we reasoned
might improve UBP retention. We explored expression of PtNTT2
(66-575) in E. coli BL21(DE3) with the promoters PlacI, Pbla, and
Plac from a pSC plasmid, and with Pbla, Plac, PlacUV5, PH207, Pλ, Ptac,
and PN25 from the chromosomal lacZYA locus (Dataset S1). We
also explored the use of a codon-optimized variant of the truncated
transporter (see Dataset S1). Although increasing expression of
PtNTT2(66-575) (as measured by uptake of [α-32P]-dATP) was

correlated with increasing doubling time, indicating that expres-
sion of PtNTT2(66-575) still exhibited some toxicity (uptake of
[α-32P]-dATP is itself not toxic), each strain exhibited an improved
ratio of uptake to fitness compared with DM1 (Fig. 1B). Strain
YZ3, which expresses the codon-optimized, chromosomally in-
tegrated PtNTT2(66-575) from the PlacUV5 promoter, exhibited an
optimal compromise of robust growth (<20% increased doubling
time relative to the isogenic strain without the transporter),
and [α-32P]-dATP uptake, and was thus selected for further
characterization.
To determine whether the optimized transporter system of

YZ3 facilitates high UBP retention, we constructed three plas-
mids that position the UBP within the 75-nt TK1 sequence (14)
[with a local sequence context of d(A-NaM-T)]. These include
two high-copy pUC19-derived plasmids, pUCX1 [referred to in
previous work as pINF (14)] and pUCX2, as well as one low-copy
pBR322-derived plasmid, pBRX2 (Fig. S2). In addition to allow-
ing us to examine the effect of copy number on UBP retention,
these plasmids position the UBP at proximal (pUCX1) and distal
(pUCX2 and pBRX2) positions relative to the origin of repli-
cation, which we previously speculated might be important (14).
Strains YZ3 and DM1 were transformed with pUCX1, pUCX2,
or pBRX2 and directly cultured in liquid growth media supple-
mented with dNaMTP and d5SICSTP [and isopropyl β-D-1-
thiogalactopyranoside (IPTG) for DM1 to induce the transporter],
and growth and UBP retention were characterized at an OD600 of
∼1 (Fig. 2A and Fig. S3A; see also Materials and Methods). Al-
though DM1 showed variable levels of retention and reduced
growth, especially with the high-copy plasmids, YZ3 showed uni-
formly high levels of UBP retention and robust growth with all
three UBP-containing plasmids (Fig. 2B and Fig. S3A).
Given that no plasmid locus or copy number biases on UBP

retention were observed in YZ3, we chose pUCX2 as a repre-
sentative UBP-containing plasmid to explore the effect of local
sequence context on UBP retention, and we constructed 16
pUCX2 variants in which the UBP was flanked by each possible
combination of natural base pairs within a fragment of the GFP
gene (see Dataset S1). Under the same growth conditions as above,
we observed a wide range of UBP retentions, with some sequence
contexts showing complete loss of the UBP (Fig. 2C). However,
since the development of DM1 with the dNaM-d5SICS UBP, we
have determined that ring contraction and sulfur derivatization of
d5SICS, yielding the dNaM-dTPT3 UBP (Fig. 1A), results in more
efficient replication in vitro (17). To explore the in vivo use of
dNaM-dTPT3, we repeated the experiments with YZ3 and each of
the 16 pUCX2 plasmids, but with growth in media supplemented
with dNaMTP and dTPT3TP. UBP retentions were clearly higher
with dNaM-dTPT3 than with dNaM-d5SICS (Fig. 2C).
Although dNaM-dTPT3 is clearly a more optimal UBP for the

SSO than dNaM-d5SICS, its retention is still moderate to poor
in some sequence contexts (Fig. 2C). Moreover, several sequences
that show good retention in YZ3 cultured in liquid media show
poor retention when growth includes culturing on solid media
(Fig. S3B). To further increase UBP retention with even these
challenging sequences and/or growth conditions, we sought to
selectively eliminate plasmids that lose the UBP. In prokaryotes,
the clustered regularly interspaced short palindromic repeats
(CRISPR)-CRISPR-associated (Cas) system provides adaptive
immunity against viruses and foreign plasmids (18–20). In type II
CRISPR-Cas systems, such as that from Streptococcus pyogenes
(21, 22), the endonuclease Cas9 uses encoded RNAs [or their
artificial mimics known as single-guide RNAs (sgRNAs) (23)] to
introduce double-strand breaks in cDNA upstream of a 5′-NGG-3′
protospacer adjacent motif (PAM) (24), which then results in
DNA degradation by exonucleases (25) (Fig. 3A). In vitro, we
found that the presence of a UBP in the target DNA generally
reduces Cas9-mediated cleavage relative to sequences that are
fully complementary to the provided sgRNA (Fig. S4). We thus

Fig. 1. UBPs and transporter optimization. (A) Chemical structure of the
dNaM-d5SICS and dNaM-dTPT3 UBPs with a natural dC–dG base pair in-
cluded for comparison. (B) Comparison of fitness and [α-32P]-dATP uptake in
DM1 and the various constructed strains: pCDF and inducible PtNTT2(1–575)
(gray); pSC and constitutive PtNTT2(66–575) (blue); and chromosomally in-
tegrated and constitutive PtNTT2(66–575) (green). The promoters from which
PtNTT2 is expressed are indicated by the labels next to their corresponding
markers. Open triangles denote corresponding control strains without PtNTT2.
The pCDF plasmids are in E. coli C41(DE3); pSC plasmids and integrants are in
E. coli BL21(DE3). All PtNTT2 strains are non-codon-optimized for plasmid-
based expression and codon-optimized for chromosomal expression unless
otherwise indicated; r.d.u. is relative decay units, which corresponds to the
total number of radioactive counts per minute normalized to the average
OD600 across a 1-h window of uptake, with the uptake in DM1 induced with
1,000 μM IPTG set to 1 (see Materials and Methods for additional details).
Error bars represent SD of the mean, n = 3 cultures grown and assayed in
parallel; the error bars on some data points are smaller than their marker.

1318 | www.pnas.org/cgi/doi/10.1073/pnas.1616443114 Zhang et al.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.1616443114.sd01.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.1616443114.sd01.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF2
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF3
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF3
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.1616443114.sd01.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF3
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1616443114/-/DCSupplemental/pnas.201616443SI.pdf?targetid=nameddest=SF4
www.pnas.org/cgi/doi/10.1073/pnas.1616443114


hypothesized that, within a cell, Cas9 programmed with sgRNA(s)
complementary to natural sequences that arise from UBP loss
would enforce retention in a population of plasmids (by elimi-
nating those that lose the UBP), which we refer to as immunity
to UBP loss. To test this, we used a p15A plasmid to construct
pCas9, which expresses Cas9 via an IPTG-inducible lacO pro-
moter, as well as an 18-nt sgRNA that is complementary to the
TK1 sequence containing the most common dNaM-dTPT3 mu-
tation (dT-dA) via the constitutive proK promoter (Figs. S2 and
S5A). Initial exploratory experiments were carried out with strain
YZ2 (a forerunner of YZ3 with slightly less optimal transporter
performance, but which was available before strain YZ3; Fig. 1B
and Fig. S1 D and E). Strain YZ2 was transformed with corre-
sponding pairs of pCas9 and pUCX2 plasmids (i.e., the pUCX2
variant with the UBP embedded within the TK1 sequence such
that loss of the UBP produces a sequence targeted by the sgRNA
encoded on pCas9), grown to an OD600 of ∼4, diluted 250-fold,
and regrown to the same OD600. UBP retention in control ex-
periments with a nontarget sgRNA dropped to 17% after the
second outgrowth; in contrast, UBP retention in the presence of
the correct sgRNA was 70% after the second outgrowth (Fig.
3B). Sequencing revealed that the majority of plasmids lacking a
UBP when the correct sgRNA was provided contained a single
nucleotide deletion in its place, which was not observed with the

nontarget sgRNA (Fig. S5 B and C). With a pCas9 plasmid that
expresses two sgRNAs, one targeting the most common sub-
stitution mutation and one targeting the single nucleotide de-
letion mutation (Fig. S5A), and the same growth and regrowth
assay, loss of the UBP was undetectable (Fig. 3B).
To more broadly explore Cas9-mediated immunity to UBP

loss, we examined retention using 16 pUCX2 variants with se-
quences that flank the UBP with each possible combination of
natural base pairs but also vary its position relative to the PAM,
and vary which unnatural nucleotide is present in the strand
recognized by the sgRNAs (Table S1). We also constructed a
corresponding set of 16 pCas9 plasmids that express two sgRNAs,
one targeting a substitution mutation and one targeting the single
nucleotide deletion mutation, for each pUCX2 variant. Strain YZ2
carrying a pCas9 plasmid was transformed with its corresponding
pUCX2 variant and grown in the presence of the unnatural tri-
phosphates and IPTG (to induce Cas9), and UBP retention was
assessed after cells reached an OD600 of ∼1. As a control, the 16
pUCX2 plasmids were also propagated in YZ2 carrying a pCas9
plasmid with a nontarget sgRNA. For 4 of the 16 sequences
explored, UBP loss was already minimal without immunity
(nontarget sgRNA), but was undetectable with expression of the
correct sgRNA (Fig. 4A). The remaining sequences showed
moderate to no retention without immunity, and significantly
higher retention with it, including at positions up to 15 nts from
the PAM.
To further simplify and streamline the SSO, we next con-

structed strain YZ4 by integrating an IPTG-inducible Cas9 gene
at the arsB locus of the YZ3 chromosome, which allows for the
use of a single plasmid that both carries a UBP and expresses the
sgRNAs that enforce its retention. Sixteen such “all-in-one”
plasmids (pAIO) were constructed by replacing the Cas9 gene in
each of the pCas9 variants with a UBP sequence from the cor-
responding pUCX2 variant (Fig. S2 and Table S1). YZ4 and
YZ3 (included as a no-Cas9 control due to leaky expression of
Cas9 in YZ4) were transformed with a single pAIO plasmid and
cultured on solid growth media supplemented with the unnatural
triphosphates and with or without IPTG to induce Cas9. Single
colonies were used to inoculate liquid media of the same com-
position, and UBP retention was assessed after cells reached an

Fig. 2. UBP retention assay and the effects of transporter and UBP opti-
mization. (A) Schematic representation of the biotin shift assay used to de-
termine UBP retention. The plasmid DNA to be analyzed is first amplified in
a PCR supplemented with the unnatural triphosphates, and the resulting
products are then incubated with streptavidin and subjected to PAGE
analysis. X = dNaM, or, in the PCR, its biotinylated analog dMMO2biotin. Y =
d5SICS in the PCR, whereas Y = dTPT3 or d5SICS in the plasmid DNA, depending
on the experimental conditions. Lane 1 is the product from the oligonucle-
otide analogous to that used to introduce the UBP during plasmid assembly,
but with the UBP replaced by a natural base pair (negative control). This
band serves as a marker for DNA that has lost the UBP. Lane 2 is the product
from the synthetic oligonucleotide containing the UBP that was used for
plasmid assembly. The shift of this band serves as a marker for the shift of
DNA containing the UBP. Lane 3 is the product from the in vitro-assembled
plasmid before SSO transformation (positive control). The unshifted band
results from DNA that has lost the UBP during in vitro plasmid assembly.
Lane 4 is the product from an in vivo replication experiment. (B) UBP re-
tentions of plasmids pUCX1, pUCX2, and pBRX2 in strains DM1 and YZ3.
Error bars represent SD of the mean, n = 4 transformations for pUCX1 and
pUCX2, n = 3 for DM1 pBRX2, and n = 5 for YZ3 pBRX2. (C) UBP retentions of
pUCX2 variants, wherein the UBP is flanked by all possible combinations of
natural nucleotides (NXN, where N = d(G, C, A, or T) and X = dNaM), in strain
YZ3 grown in media supplemented with either dNaMTP and d5SICSTP (gray
bars) or dNaMTP and dTPT3TP (black bars).

Fig. 3. Cas9-based editing system. (A) Model for Cas9-mediated immunity
to UBP loss. (B) UBP retention for pUCX2 TK1 is enhanced by targeting Cas9
cleavage to plasmids that have lost the UBP. The bars labeled hEGFP corre-
spond to UBP retention with growth (black) and regrowth (gray) with an
sgRNA that has a sequence taken from the hEGFP gene and thus does not
target DNA containing the TK1 sequence (negative control). The bars la-
beled TK1-A or TK1-A/Δ correspond, respectively, to growth and regrowth
with an sgRNA that targets the dNaM to dT mutation or two sgRNAs that
individually target the dNaM to dT mutation and a single nucleotide de-
letion of the UBP.
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OD600 of ∼1 to 2 (Fig. 4B). Despite variable levels of retention in
the absence of Cas9 (YZ3), with induction of Cas9 expression in
YZ4, loss was minimal to undetectable in 13 of the 16 sequences.
Although retention with the three problematic sequences—d(C-
NaM-C), d(C-NaM-A), and d(C-NaM-G)—might be optimized,
for example, through alterations in Cas9 or sgRNA expression,
the undetectable loss of the UBP with the majority of the sequences
after a regimen that included growth both on solid and in liquid
media, which was not possible with our previous SSO DM1, at-
tests to the vitality of YZ4.
Finally, we constructed a pAIO plasmid, pAIO2X, containing

two UBPs: dNaM paired opposite dTPT3 at position 453 of the
sense strand of the GFP gene and dTPT3 paired opposite dNaM
at position 36 of the sense strand of the SerT tRNA gene, as well
as encoding the sgRNAs targeting the most common substitution
mutation expected in each sequence (Fig. S2). YZ4 and YZ3
(again used as a control) were transformed with pAIO2X and
subjected to the challenging growth regime depicted in Fig. 5,
which included extensive high-density growth on solid and in
liquid growth media. Plasmids were recovered and analyzed for
UBP retention (Fig. S6) when the OD600 reached ∼1 to 2 during
each liquid outgrowth. In YZ3, which does not express Cas9, or
in the absence of Cas9 induction (no IPTG) in YZ4, UBP re-
tention steadily declined with extended growth (Fig. 5). With
induction of immunity (20 or 40 μM IPTG), we observed only a
marginal reduction in growth rate (less than 17% increase in
doubling time; Fig. S7), and, remarkably, virtually 100% UBP
retention (no detectable loss) in both genes.

Conclusion
Since the last common ancestor of all life on Earth, biological
information has been stored with the same four-letter, two-base-
pair genetic alphabet. By combining chemical optimization with
genetic and immunological engineering, we have created an SSO

that is more autonomous (it is naturally competent to import the
unnatural triphosphates) and which stores increased information
with a fidelity approaching that of natural information. However,
unlike any natural organism, the SSO includes an inanimate,
man-made component: a UBP that allows it to store information
with a six-letter, three-base-pair genetic alphabet. With the vir-
tually unrestricted ability to maintain increased information, the
optimized SSO now provides a suitable platform for efforts to
retrieve the increased information and create organisms with
wholly unnatural attributes and traits not found elsewhere
in nature.

Materials and Methods
Strains, Plasmids, and Oligonucleotides. A complete list of strains and plasmids
and the sequences of oligonucleotides used in this work can be found in
Dataset S2; for information regarding strain construction and plasmid
cloning, as well as additional experimental details, see SI Materials and
Methods. Unless otherwise stated, liquid bacterial cultures were grown in
2×YT (casein peptone 16 g/L, yeast extract 10 g/L, NaCl 5 g/L) supplemented
with potassium phosphate (50 mM, pH 7), referred to hereafter as “media,”
and incubated at 37 °C in a 48-well flat-bottomed plate (CELLSTAR; Greiner
Bio-One) with shaking at 200 rpm. Solid growth media was prepared with

Fig. 4. Variation in Cas9-mediated immunity with sequence context. (A) UBP
retentions of pUCX2 variants in strain YZ2 with a pCas9 plasmid that ex-
presses a nontarget sgRNA (gray) or an on-target sgRNA (black). Error bars
represent SD of the mean, and n = 3 transformations for all sequences ex-
cept on-target CXA and CXG, where n = 5. (B) UBP retentions of pAIO
plasmids in strain YZ3 (gray), which does not express Cas9, or in strain YZ4
(black) with expression of Cas9. In A and B, the nucleotides immediately
flanking X = dNaM are indicated, as is distance to the PAM. “(N)” denotes
the nucleotide N in the sgRNA that targets a substitution mutation of the
UBP; all pCas9 and pAIO plasmids also express an sgRNA that targets a single
nucleotide deletion of the UBP. Error bars represent SD of the mean, and n ≥
3 colonies; see Table S1 for exact values of n, sequences, and IPTG concen-
trations used to induced Cas9 in YZ4. See Materials and Methods for addi-
tional experimental details.

Fig. 5. Simultaneous retention of two UBPs during extended growth.
Strains YZ3 and YZ4 were transformed with pAIO2X and plated on solid
media containing dNaMTP and dTPT3TP, with or without IPTG to induce
Cas9. Single colonies were inoculated into liquid media of the same com-
position, and cultures were grown to an OD600 of ∼2 (point 1). Cultures were
subsequently diluted 30,000-fold and regrown to an OD600 of ∼2 (point 2),
and this dilution−regrowth process was then repeated two more times
(points 3 and 4). As a no-immunity control, strain YZ3 was grown in the
absence of IPTG, and two representative cultures are indicated in gray. Strain
YZ4 was grown in the presence of varying amounts of IPTG, and averages of
cultures are indicated in green (0 μM, n = 5), blue (20 μM, n = 5), and orange
(40 μM, n = 4). Retentions of the UBP in gfp and serT are indicated with solid
or dotted lines, respectively. After the fourth outgrowth, two of the YZ4
cultures grown with 20 μM IPTG were subcultured on solid media of the
same composition. Three randomly selected colonies from each plate (n = 6
total) were inoculated into liquid media of the same composition, and each
of the six cultures was grown to an OD600 of ∼1 (point 5), diluted 300,000-
fold into media containing 0, 20, and 40 μM IPTG, and regrown to an OD600

of ∼1 (point 6). This dilution−regrowth process was subsequently repeated
(point 7). The pAIO2X plasmids were isolated at each of the numbered
points and analyzed for UBP retention (Fig. S6). Cell doublings are estimated
from OD600 (Materials and Methods) and did not account for growth on
solid media, thus making them an underestimate of actual cell doublings.
Error bars represent SD of the mean.
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2% (wt/vol) agar. Antibiotics were used, as appropriate, at the following
concentrations: carbenicillin, 100 μg/mL; streptomycin, 50 μg/mL; kanamycin,
50 μg/mL; zeocin, 50 μg/mL; and chloramphenicol, 33 μg/mL for plasmids, 5 μg/mL
for chromosomal integrants. All selective agents were purchased commercially.
Cell growth, indicated as OD600, was measured using a PerkinElmer Envision 2103
Multilabel Reader with a 590/20-nm filter.

Natural oligonucleotides were purchased from IDT with standard purifica-
tion and desalting. Gene synthesis of the codon-optimized PtNTT2 and GFP gene
sequences was performed by GeneArt Gene Synthesis (Thermo Fisher) and
GenScript, respectively, and kindly provided by Synthorx. Sequencing was per-
formed by Eton Biosciences or Genewiz. Plasmids were isolated using commercial
miniprep kits (QIAprep; Qiagen, or ZR Plasmid Miniprep Classic; Zymo Research).

The [α-32P]-dATP (3,000 Ci/mmol, 10 mCi/mL) was purchased from
PerkinElmer. Triphosphates of dNaM, d5SICS, dTPT3, and dMMO2bio were
synthesized as described previously (5, 7, 10, 17) or kindly provided by
Synthorx. The dNaM-containing TK1 oligonucleotide was described pre-
viously (14). All other unnatural oligonucleotides containing dNaM were
synthesized by Biosearch Technologies with purification by reverse phase
cartridge and kindly provided by Synthorx.

dATP Uptake Assay. Radioactive uptake assays were conducted as described
(26), with the following modifications: C41(DE3) and BL21(DE3) strains car-
rying plasmid-based transporters and their appropriate empty plasmid
controls, as well as BL21(DE3) chromosomal transporter integrants and their
appropriate isogenic transporterless control, were grown overnight with
appropriate antibiotics (streptomycin for pCDF plasmids and chloramphen-
icol for pSC plasmids and integrants) in 500 μL of media. Cultures were di-
luted to an OD600 of 0.02 in 500 μL of fresh media, grown for 2.5 h, induced
with IPTG (0 mM to 1 mM, pCDF strains only) or grown (all other strains) for
1 h, and incubated with dATP spiked with [α-32P]-dATP [final concentration =
250 μM (0.5 μCi/mL)] for ∼1 h. This experimental scheme is analogous to the
protocol used to prepare cells for transformation with UBP-containing plasmids,
with the 1 h of dATP incubation simulating the 1 h of recovery in the presence
of unnatural triphosphates following electroporation. A duplicate 48-well plate
without [α-32P]-dATP was grown in parallel to monitor growth.

Following incubationwith dATP, 200 μL of each culturewas collected through
a 96-well 0.65-μm glass fiber filter plate (MultiScreen; EMD Millipore) under
vacuum and washed with cold potassium phosphate (3 × 200 μL, 50 mM, pH 7)
and cold ddH2O (1 × 200 μL). Filters were removed from the plate and exposed
overnight to a storage phosphor screen (BAS-IP MS; GE Healthcare Life Sciences),
which was subsequently imaged using a flatbed laser scanner (Typhoon 9410;
GE Healthcare Life Sciences). The resulting image was quantified by densito-
metric analysis using Image Studio Lite (LI-COR). Raw image intensities of each
sample were normalized to the length of time and average OD600 during dATP
incubation (i.e., normalized to an estimate of the area under the growth curve
corresponding to the window of uptake), followed by subtracting the normal-
ized signals of the appropriate negative, with no transporter controls.

Doubling times for strains grown in the dATP uptake assay were calculated
by doubling time as (t2-t1)/log2(OD600,2/OD600,1), averaging across three
∼30-min time intervals roughly corresponding to 30 min before dATP uptake
and 60 min during dATP uptake.

Golden Gate Assembly of UBP-Containing Plasmids. Plasmids containing UBP(s)
were generated by Golden Gate Assembly. Inserts containing the UBP were
generated by PCR of chemically synthesized oligonucleotides containing
dNaM, using dTPT3TP and dNaMTP, and primers that introduce terminal BsaI
recognition sites that, when digested, produce overhangs compatible with
an appropriate destination plasmid; see Dataset S2 for a full list of primers,
templates, and their corresponding Golden Gate destination plasmids.
Template oligonucleotides (0.025 ng per 50 μL reaction) were PCR-amplified
using reagent concentrations and equipment as described previously (14),
under the following thermocycling conditions (times denoted as mm:ss):
[96 °C 1:00 j 20 × (96 °C 0:15 j 60 °C 0:15 j 68 °C 4:00)].

To assemble the UBP-containing plasmids, destination plasmid (200 ng to
400ng), PCR insert(s) (3:1 insert:plasmidmolar ratio), T4DNA ligase (200U), BsaI-HF
(20U), andATP (1mM)were combined in 1×NewEnglandBiolabs (NEB) CutSmart
buffer (final volume 30 μL) and thermocycled under the following conditions:
[37 °C 20:00 j 40 × (37 °C 5:00 j 16 °C 5:00 j 22 °C 2:30) 37 °C 20:00 j 55 °C 15:00 j
80 °C 30:00]. Following the Golden Gate reaction, T5 exonuclease (10 U) and
additional BsaI-HF (20 U) were added, and the reaction was incubated (37 °C, 1 h)
to digest unincorporated plasmid and insert fragments.

In Vivo Plasmid Replication Experiments. Electrocompetent YZ3 cells were
prepared by overnight growth in ∼5 mL of media supplemented with
chloramphenicol, dilution to OD600 of 0.02 in the same media (variable

volumes, ∼10 mL of media per transformation), and growth to OD600 of ∼0.3
to 0.4. Cells were then rapidly chilled in an ice water bath with shaking,
pelleted (2,500 × g, 10 min), and washed twice with one culture volume of
ice-cold ddH2O. Electrocompetent cells were then resuspended in ice-cold
ddH2O (50 μL per transformation), mixed with a Golden Gate assembled
plasmid (∼1 μL, ∼1 ng) containing the UBP, and transferred to a prechilled
0.2-cm-gap electroporation cuvette. Cells were electroporated (Gene Pulser
II; Bio-Rad) according to the manufacturer’s recommendations (voltage
25 kV, capacitor 2.5 μF, resistor 200 Ω), then immediately diluted with 950 μL of
prewarmed media supplemented with chloramphenicol. An aliquot (10 μL to
40 μL) of this dilution was then immediately diluted fivefold with the same pre-
warmed media, but additionally supplemented with dNaMTP (250 μM)
and d5SICSTP (250 μM). The samples were incubated (37 °C, 1 h), and then ∼15%
(vol/vol) of the sample was used to inoculatemedia (final volume 250 μL to 300 μL)
supplemented with chloramphenicol, carbenicillin, dNaMTP (250 μM), and
d5SICSTP (250 μM). Cells were thenmonitored for growth, collected at the density
(OD600) indicated in Results and Discussion, and subjected to plasmid isolation.
Dilutions of the recovery mixture were also spread onto solid media with chlor-
amphenicol and carbenicillin to ascertain transformation efficiencies. Experiments
with dNaMTP (150 μM) and dTPT3TP (37.5 μM) were performed analogously.

Experiments with DM1 were performed analogously using media sup-
plemented with streptomycin, with the additional step of inducing trans-
porter expression with IPTG (1 mM, 1 h) before pelleting the cells. All media
following electrocompetent cell preparation was also supplemented with
streptomycin and IPTG (1 mM) to maintain expression of the transporter.

In Vivo Plasmid Replication Experiments with Cas9 (Liquid Culture Only). Elec-
trocompetent YZ2 cells were transformed with various pCas9 guide plasmids,
and single clones were used to inoculate overnight cultures. Cells were then
grown, prepared, and electroporated as described above for YZ3, with the
following modifications: All media was additionally supplemented with
zeocin (to select for pCas9) and 0.2% glucose, electrocompetent cells were
stored in 10% (vol/vol ddH2O) DMSO at −80 °C until use, and recovery
and growth media were supplemented with dNaMTP (250 μM) and dTPT3TP
(75 μM). Varying concentrations of IPTG (0 μM to 100 μM) were added to the
growth media (but not the recovery media) to induce Cas9 expression. The
sgRNAs corresponding to the d(AXT) sequence are the nontarget guides for
all sequences except for the d(AXT)-containing sequence itself, the non-
target guides for which correspond to the d(GXT) sequence, and all exper-
iments with nontarget sgRNAs were conducted with the addition of IPTG
(10 μM) to the growth media. For growth and regrowth experiments, cells
were grown to an OD600 of 3.5 to 4.0, then diluted 1:250 and regrown to an
OD600 of 3.5 to 4.0, after which plasmids were isolated.

In Vivo Plasmid Replication Experiments with Cas9 (Plating and Liquid Culture).
Electrocompetent YZ4 cells were grown, prepared, and electroporated as
described in In Vivo Plasmid Replication Experiments with Cas9 (Liquid Cul-
ture Only) for YZ2, with the following modifications: Media for growing cells
before electroporation only contained chloramphenicol (i.e., no zeocin), zeocin
was used to select for pAIO (i.e., no carbenicillin), and recovery and growthmedia
were supplemented with dNaMTP (150 μM) and dTPT3TP (37.5 μM). Following
transformation with pAIO, dilutions of the recovery mixture were spread onto
solid media containing chloramphenicol, zeocin, dNaMTP (150 μM), dTPT3TP
(37.5 μM), 0.2% glucose, and various concentrations of IPTG (0–50 μM). Fol-
lowing overnight growth (37 °C, ∼14 h), individual colonies were used to in-
oculate liquid media of the same composition as the solid media. Experiments
performed with pAIO2X were conducted as described above for YZ4 without
using frozen electrocompetent cells or glucose. The second plating depicted in
Fig. 5 was performed by streaking cells from liquid culture onto solid media of
the same composition as the liquid media, and growth at 37 °C (∼14 h). Six
random colonies were selected to continue propagation in liquid culture.

Cell Doubling Calculation.Cell doublings for liquid culture growth−dilution−regrowth
experiments were calculated by log2 of the dilution factor (30,000 or 300,000)
between growths, except for growths inoculated from a plated colony, the cell
doublings for which were calculated by averaging, for each individual clone, the
time from inoculation to target OD600 (9.4 ± 1.1 h (1 SD) for the first plating
inoculation, 10.2 ± 3 h for the second plating inoculation) and dividing these
averages by an estimated doubling time of 40 min. Growth times vary for each
clone because colonies were isolated when they were barely visible to the naked
eye, and thus we did not attempt to control for variability in the number of cells
inoculated into the liquid cultures. Note that the reported number of cell dou-
blings is only an estimate of doublings in liquid culture, which underreports the
total number of cell doublings, as we did not attempt to estimate the number of
cell doublings that occur during each of the growths on solid media.
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Biotin Shift Assay. The retention of the UBP(s) in isolated plasmids was de-
termined as previously described and validated (14), with the following
modifications: Plasmid minipreps or Golden Gate assembled plasmids (0.5 μL,
0.5 ng/μL to 5 ng/μL), or dNaM-containing oligonucleotides (0.5 fmol), were
PCR-amplified with dNTPs (400 μM), 1× SYBR Green, MgSO4 (2.2 mM), pri-
mers (500 nM each), d5SICSTP (65 μM), dMMO2BioTP (65 μM), OneTaq DNA
polymerase (0.018 U/μL), and DeepVent DNA polymerase (0.007 U/μL) in 1×
OneTaq standard reaction buffer (final volume 15 μL), under the following
thermocycling conditions: [20 × (95 °C 0:15 j x°C 0:15 j 68 °C 4:00)]; see
Dataset S2 for a list of primers and their corresponding annealing temper-
atures (x °C) used in this assay. After amplification, 1 μL of each reaction was
mixed with streptavidin (2.5 μL, 2 μg/μL; Promega) and briefly incubated at
37 °C. After incubation, samples were mixed with loading buffer and run on
a 6% (wt/vol) polyacrylamide (29:1 acrylamide:bis-acrylamide) Tris/borate/
EDTA (TBE) gel, at 120 V for ∼30 min. Gels were then stained with 1× SYBR
Gold dye (Thermo Fisher) and imaged using a Molecular Imager Gel Doc XR+
(Bio-Rad) equipped with a 520DF30 filter (Bio-Rad).

Calculation of UBP Retention. UBP retention was assessed by densitometric
analysis of the gels (ImageJ or Image Studio Lite; LICOR) from the biotin shift
assay and calculation of a percent raw shift, which equals the intensity of the
streptavidin-shifted band divided by the sum of the intensities of the shifted
and unshifted bands. See Fig. 2A for representative gels. Reported UBP re-
tentions are normalized values.

Unless otherwise indicated, for experiments not involving plating on solid
media, UBP retention was normalized by dividing the percent raw shift of
each propagated plasmid sample by the percent raw shift of the Golden Gate
assembled input plasmid. We assume that the starting UBP content of the
cellular plasmid population is equivalent to the UBP content of the input
plasmid, which is a valid assumption given direct inoculation of the trans-
formation into liquid culture. Thus, in these experiments, normalized UBP
retention is a relative value that relates the UBP content of the propagated

plasmid population to the UBP content of the starting population, which is
not 100%, due to loss during the PCR used to generate the insert for input
plasmid assembly (Fig. 2A).

For experiments involving plating on solid media, UBP retention was
normalized by dividing the percent raw shift of each propagated plasmid
sample by the percent raw shift of the dNaM-containing oligonucleotide
template used in the assembly of the input plasmid. Plating enables clonal
isolation of UBP-containing plasmids from fully natural plasmids that arose
during plasmid construction [some of which may contain sequences that are
not recognized by the sgRNA(s) used]. Because there is no PCR-mediated loss
of the UBP in the oligonucleotide template, normalization to the oligonu-
cleotide template is a better indicator of absolute UBP retention than nor-
malization to the input plasmid. Under the conditions used in the biotin shift
assay, most oligonucleotide templates and sequence contexts give >90%
raw shift, with <2% shift for a cognate fully natural template (i.e., UBP
misincorporation during the biotin shift assay is negligible).

Plating allows for the differentiation between UBP loss that occurs in vivo
from loss that occurs in vitro, with the exception of clonally derived samples
that give <2% shift, for which we are unable to differentiate between
whether the UBP was completely lost in vivo or if the sample comes from a
transformant that originally received a fully natural plasmid. Such samples
are excluded from reported average values when other samples from the
same transformation give higher shifts.
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General Methods for Strain and Plasmid Construction. Unless oth-
erwise stated, all molecular biology reagents were obtained from
NEB and were used according to the manufacturer’s protocols.
PCRs for cloning and strain construction were performed with
Q5 DNA polymerase. Thermocycling was performed using a
PTC-200 thermocycler (MJ Research), except for the PCRs used
to generate UBP-containing Golden Gate inserts and the PCRs
used in the biotin shift assay, which were performed with a CFX-
Connect Real-Time Thermal Cycler (Bio-Rad) to monitor prod-
uct amplification with SYBR Green (Thermo Fisher). Where
necessary, primers were phosphorylated using T4 polynucleotide
kinase. Plasmids linearized by PCR were treated with DpnI to
remove the plasmid template, and ligations were performed with
T4 DNA ligase. PCRs and Golden Gate assembled plasmids were
purified by spin column (DNA Clean and Concentrator-5; Zymo
Research). DNA fragments isolated by agarose gel electrophoresis
were purified using the Zymoclean Gel DNA recovery kit (Zymo
Research). Colony PCRs were performed with Taq DNA poly-
merase. Natural DNA fragments and plasmids were quantified by
A260/280 using a NanoDrop 2000 (Thermo Fisher) or an Infinite
M200 Pro (Tecan). DNA fragments and plasmids that contain
UBP(s), which were typically <20 ng/μL, were quantified using the
Qubit dsDNA HS Assay Kit (Thermo Fisher). The C41(DE3)
E. coli strain (27) was kindly provided by J. P. Audia, University of
South Alabama, Mobile, AL. The pKIKOarsBKm was a gift from
Lars Nielsen and Claudia Vickers (Addgene plasmid #46766).
The pRS426 was kindly provided by Richard Kolodner, University
of California, San Diego, La Jolla, CA.

Construction of PtNTT2 Plasmids.Construction of pCDF-1b-PtNTT2
was described previously (14). To create pCDF-1b-PtNTT2(66-
575), phosphorylated primers YZ552 and pCDF-1b-fwd were used
to linearize pCDF-1b-PtNTT2 by PCR, and the resulting product
was intramolecularly ligated. Plasmids from single clones were
isolated and confirmed by sequencing the PtNTT2 gene using
primers T7 seq and T7 term seq.
To create plasmids pSC-P(lacI, bla, lac, lacUV5)PtNTT2(66-575)-T0,

phosphorylated primers YZ581 and YZ576 were used to amplify
the PtNTT2(66-575) gene, and its corresponding ribosomal bind-
ing sequence and terminator, from a version of pCDF-1b-PtNTT2
(66-575) that replaces the T7 terminator with a λ T0 terminator.
This insert was ligated into plasmid pHSG576 (28) linearized with
primers DM002 and YZ580. A single clone of the resulting
plasmid pSC-PtNTT2(66-575)-T0 was verified by sequencing the
PtNTT2 gene using primers DM052 and YZ50. The pSC-PtNTT2
(66-575)-T0 was then linearized with primers YZ580 and YZ581,
and ligated to a phosphorylated primer duplex corresponding to
the PlacI, Pbla, Plac, or PlacUV5 promoter (YZ584/YZ585, YZ582/
YZ583, YZ599/YZ600, and YZ595/YZ596, respectively) (29) to
yield plasmids pSC-P(lacI, bla, lac, lacUV5)PtNTT2(66-575)-T0. Cor-
rect promoter orientation and promoter gene sequences were
again confirmed by sequencing using primers DM052 and YZ50.
The pSC-PblaPtNTT2(66-575 co)-T0 was generated analogously to
pSC-PblaPtNTT2(66-575)-T0 by using a λ T0 terminator version of
pCDF-1b-PtNTT2(66-575) containing a codon-optimized PtNTT2
sequence (see Dataset S1).

Construction of PtNTT2 and Cas9 Strains. The PtNTT2(66-575) ex-
pression cassette and its chloramphenicol resistance marker
CmR in the pSC plasmids is ∼2.8 kb, a size that is prohibitive for
chromosomal integration with the small (∼50 bp) stretches of

homology that can be introduced via primers during PCR, as is
traditionally done in recombineering (30, 31). Thus, we used
cloning by homologous recombination in Saccharomyces cerevisiae
to construct a series of integration template plasmids with the
PtNTT2(66-575) expression cassette and CmR flanked by ∼1 kb of
sequence 5′ to lacZ and ∼1 kb of sequence 3′ to 246 bp down-
stream of the lacA start codon. The lacZYA locus was chosen so
that integration of the transporter would also knock out the
lactose permease lacY, thus creating a BL21(DE3) strain that
allows for uniform cellular entry of IPTG, and thereby homog-
enous, finely titratable induction of promoters containing lac
operators (32).
To create the integration template plasmids, pRS426 (33) was

digested with PvuI-HF, and the resulting 3,810-bp plasmid frag-
ment was isolated by agarose gel electrophoresis and purification.
This fragment was then gap-repaired in the S. cerevisiae strain
BY4741 via lithium acetate-mediated chemical transformation
(34) of the plasmid fragment and PCR products of the following
primer/primer/template combinations: YZ7/YZ12/pBR322, YZ613/
YZ580/E. coli genomic DNA, YZ614/615/E. coli genomic DNA, and
DM052/YZ612/pSC-PlacUV5(66-575)-T0. The resulting plasmid,
426.lacZYA::PlacUV5PtNTT2(66-575)-T0 CmR, was isolated (Zymo-
prep Yeast Plasmid Miniprep; Zymo Research), digested with PvuI-
HF and XbaI (to reduce background during integration, because
the pRS426 shuttle plasmid also contains an E. coli pMB1 ori-
gin), and used as the template to generate a linear integration
fragment via PCR with primers YZ616 and YZ617. Integration of
this fragment into BL21(DE3) to generate strain YZ2 was per-
formed using pKD46 as described previously (35). Integrants were
confirmed by colony PCR of the 5′ and 3′ junctions using primers
YZ618 and YZ587 (1,601-bp product) and YZ69 and YZ619
(1,402-bp product), respectively, detection of lacZ deletion via
growth on plates containing X-gal (80 μg/mL) and IPTG
(100 μM), and PCR and sequencing of the transporter with pri-
mers DM053 and YZ50.
Plasmid 426.lacZYA::CmR was generated from the linearization

of 426.lacZYA::PlacUV5PtNTT2(66-575)-T0 CmR using phosphor-
ylated primers YZ580 and pCDF-1b-rev, and subsequent intra-
molecular ligation. The 426.lacZYA::CmR was then integrated into
BL21(DE3) to create an isogenic, transporter-less control strain
for dATP uptake assays.
To create plasmids 426.lacZYA::P(bla, lac, lacUV5)PtNTT2(66-

575 co)-T0 Cm
R, plasmid 426.lacZYA::PtNTT2(66-575)-T0 Cm

R

[a promoterless plasmid generated analogously to 426.lacZYA::
PlacUV5PtNTT2(66-575)-T0 CmR using pSC-PtNTT2(66-575)-
T0], referred to hereafter as 426.trunc, was digested with PvuI-
HF and AvrII, and the resulting 5,969-bp plasmid fragment was
isolated by agarose gel electrophoresis and purification, and gap-
repaired using PCR products of the following primer/primer/
template combinations: 1, YZ12/YZ580/426.trunc; 2, DM053/
YZ610/pSC-P(bla, lac, lacUV5)PtNTT2(66-575)-T0; and 3, YZ581/
YZ50/pSC-PblaPtNTT2(66-575 co)-T0. Plasmids 426.lacZYA::
P(tac, N25, λ, H207)PtNTT2(66-575 co)-T0 CmR were generated
analogously, except fragments 2 were replaced with fragments
corresponding to the promoters Ptac, PN25, Pλ and PH207, which
were generated by annealing and extension of primer pairs YZ703/
YZ704, YZ707/YZ708, YZ709/YZ710, and YZ711/YZ712, re-
spectively, with Klenow fragment. Plasmids 426.lacZYA::P(bla, lac,
lacUV5, tac, N25, λ, H207)PtNTT2(66-575 co)-T0 Cm

R were then used
to integrate the transporter into BL21(DE3) using primers YZ616
and YZ617, and recombineering, as described above. Strain YZ3
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denotes BL21(DE3) integrated with lacZYA::PlacUV5PtNTT2(66-
575 co)-T0 Cm

R.
To create strain YZ4, the 4,362-bp fragment of SpeI- and AvrII-

digested pCas9-Multi was ligated into SpeI-digested pKIKOarsBKm
(30) and the resulting plasmid, pKIKOarsB::PlacO-Cas9-TrrnB KmR,
was used as the template to generate a linear integration fragment
via PCR with primers YZ720 and YZ721. The fragment was then
integrated into BL21(DE3) as described above, and confirmed by
colony PCR with primers YZ720 and YZ721 and sequencing of the
product with primers TG1–TG6. PlacUV5PtNTT2(66-575 co)-T0
CmR was subsequently integrated into this strain, as described
above, to generate strain YZ4.

Construction of Golden Gate Destination Plasmids for pUCX1, pUCX2,
and pBRX2.Although we previously cloned the UBP into plasmids
via circular polymerase extension cloning (CPEC) (14, 36), the
method results in a doubly nicked plasmid that cannot be treated
with T5 exonuclease to degrade unincorporated linear plasmid
and inserts, and thus makes it difficult to accurately quantify the
yield of the cloning reaction and control the amount of input
plasmid used to transform cells during an in vivo replication
experiment. Furthermore, the unincorporated linear plasmid and
inserts of a CPEC reaction can also template PCR reactions with
the primers used in the biotin shift assay, and thus biotin shift
assays on CPEC products do not truly reflect the UBP content of
the plasmids that are actually transformed into cells. To cir-
cumvent these complications, the UBP was incorporated into
plasmids using Golden Gate Assembly (37).
To create pUCX1 GG and pUCX2 GG, the Golden Gate

destination plasmids for pUCX1 and pUCX2, respectively, pUC19
was linearized with phosphorylated primers pUC19-lin-fwd and
pUC19-lin-rev, and the resulting product was intramolecularly
ligated to delete the natural 75-nt TK1 sequence. The resulting
plasmid was then linearized with phosphorylated primers YZ51
and YZ52, and the resulting product was intramolecularly ligated
to mutate the BsaI recognition site within the ampicillin resistance
marker AmpR. This plasmid was then linearized with primers
pUC19-lin-fwd and pUC19-lin-rev (for pUCX1), or primers
YZ95 and YZ96 (for pUCX2), and ligated to an insert generated
from PCR with phosphorylated primers YZ93 and YZ94 and
template pCas9-Multi, to introduce two BsaI recognition sites
(for cloning by Golden Gate Assembly) and a zeocin resistance
marker (a stuffer cassette used to differentiate between plasmids
with or without an insert) into pUC19.
To create pBRX2 GG, the Golden Gate destination plasmid

for pBRX2, the 2,934-bp fragment of AvaI- and EcoRI-HF-
digested pBR322 was end-filled with Klenow fragment and in-
tramolecularly ligated to delete the tetracycline resistance cas-
sette. The BsaI recognition site within AmpR was mutated as
described above. The plasmid was then linearized with primers
YZ95 and YZ96, and ligated to the BsaI-zeoR-BsaI cassette as
described above. Thus, pBRX2 is a lower-copy analog of pUCX2.

Construction of Golden Gate Destination Plasmids for pCas9 and
pAIO. To create pCas9-Multi, the Golden Gate destination
plasmid for cloning sgRNA cassettes alongside Cas9, pPDAZ
(38), and a PCR-amplified Cas9 gene (Primers JL126 and JL128,
template Addgene plasmid #41815) were digested with KpnI
and XbaI, and ligated to create pCas9(-). This plasmid and
a PCR-amplified GFPT2-sgRNA cassette (template Addgene
plasmid #41820, which contains the sgRNA sequence; the proK
promoter and terminator were introduced by PCR) were digested
with SalI and ligated to create pCas9-GFPT2. This plasmid was
then linearized with primers BL557 and BL558 (to remove the
BsmBI recognition sites within Cas9) and circularized via Gibson
Assembly (39). The resulting plasmid was then linearized with
primers BL559 and BL560 (to reintroduce two BsmBI sites in
the plasmid backbone), and circularized via Gibson Assembly to

yield pCas9-Multi, which was confirmed by sequencing with
primers TG1 to TG6. Digestion of pCas9-Multi with BsmBI
results in a linearized plasmid with overhangs that allow for the
simultaneous cloning of one or more sgRNAs by Golden Gate
Assembly (see SI Materials and Methods, sGRNA Cloning into
pCas9 and pAIO).
To create pAIO-Multi, pCas9-Multi was linearized with pri-

mers BL731 and BL732 (to remove Cas9 and introduce BsaI
recognition sites for UBP cloning), phosphorylated, and in-
tramolecularly ligated, and confirmed by sequencing with primer
BL450. Digestion of pAIO-Multi with BsaI results in a linearized
plasmid with overhangs identical to the ones produced by BsaI
digestion of the pUCX2 destination plasmid, and thus PCR-
generated inserts for cloning the UBP into pUCX2 can also be
used to clone the UBP into pAIO-Multi and its derivatives. After
the sgRNA cassettes were cloned into pAIO-Multi (see SI Ma-
terials and Methods, sGRNA Cloning into pCas9 and pAIO), the
Golden Gate Assembly protocol for cloning in a UBP was
identical to the one described above for pUCX2, except the
product of pAIO-Multi (with sgRNAs) amplified with BL731
and BL732 was used in place of the plasmid itself.

sgRNA Cloning into pCas9 and pAIO. Dual sgRNA cassettes were
cloned into pCas9-Multi or pAIO-Multi via Golden Gate As-
sembly. To generate the first sgRNA cassette of each pair, pCas9-
GFPT2 (1 ng) was PCR-amplified with primers first sgRNA GG
(200 nM) and BL562 (200 nM), and OneTaq DNA polymerase,
under the following thermocycling conditions: [30 × (94 °C 0:30 j
52 °C 0:15 j 68 °C 0:30)]. PCR products were purified by agarose
gel electrophoresis and purification. The first sgRNA GG primer
is a 70-nt primer that possesses (from 5′ to 3′) a BsmBI restriction
site, 10 nt of homology with the proK promoter, an 18-nt variable
guide (spacer) complementary to a UBP mutation, and 25 nt of
homology to the nonvariable sgRNA scaffold. To generate the
second sgRNA cassette, pCas9-GFPT2 was PCR-amplified with
primers BL563 and second sgRNA Rev, and primers BL566 and
second sgRNA Fwd, and the resulting two products were com-
bined and amplified by overlap extension PCR using primers
BL563 and BL566, followed by agarose gel electrophoresis and
purification.
To assemble the guide plasmids, pCas9-Multi (40 ng) or pAIO-

Multi (20 ng), purified DNA of the first sgRNA cassette (4.5 ng)
and second sgRNA cassette (8 ng), T4DNA ligase (200U), BsmBI
(5 U), and ATP (1 mM) were combined in 1× NEB CutSmart
reaction buffer (final volume 20 μL) and thermocycled under the
following conditions: [5 × (37 °C 6:00 j 16 °C 8:00) 15 × (55 °C
6:00 j 16 °C 8:00)]. Assembled plasmids were transformed into
electrocompetent cells for subsequent sequencing and testing.
To assemble pCas9-TK1-A, a plasmid containing only one

sgRNA cassette, pCas9-GFPT2 was amplified with primers BL566
and BL567, and the resulting product was ligated into pCas9-Multi
by Golden Gate Assembly as described above.
To assemble pCas9-hEGFP, a plasmid containing a nontarget

sgRNA cassette for TK1 experiments, primers BL514 and BL515
were annealed and ligated, by Gibson Assembly, into pCas9-
GFPT2 linearized with primers BL464 and BL465.

Construction of pAIO2X. The pAIO2X GG, the Golden Gate
destination plasmid for pAIO2X, is derived from three plasmids,
using PCR-generated inserts and multiple steps of cloning by re-
striction enzyme digest and ligation. Inserts from pSYN36, which
contains a codon-optimized superfolder gfp with a Golden Gate
entry site for cloning in sequences that correspond to nucleotides
409 to 483 of gfp, and pET-22b-ESerGG, which contains an E. coli
SerT gene with a Golden Gate entry site for cloning in sequences
that correspond to nucleotides 10 to 65 of serT, were cloned into
pAIO dual guide BsmBI, a version of pAIO-Multi that contains
two sgRNA cassettes, with the targeting guide (spacer) sequences
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replaced by two orthogonal pairs of BsmBI recognition sites that
enable guide cloning using annealed primer duplexes.
To create pAIO2X-GFP151/Eser-69 GG, annealed primer

duplexes of YZ310/YZ316 and YZ359/YZ360 were ligated into
pAIO2XGG using the sameGolden Gate Assembly reagents and
thermocycling conditions used for UBP cloning, with the ex-
ception that BsaI was replaced by BsmBI, each primer duplex was
used at a 50:1 insert:plasmid molar ratio with 30 fmol of desti-
nation plasmid, and the reaction was scaled by one third to 10 μL.
Following assembly, the reaction was not digested with addi-
tional enzymes or purified, and was directly transformed into
chemically competent E. coli DH5α. Following isolation of single
plasmid clones and confirmation of the guides by sequencing
using primer BL450, the UBPs were cloned into the plasmid by
Golden Gate assembly with BsaI, as described in Golden Gate
Assembly of UBP-Containing Plasmids.

Cas9 in Vitro Cleavage Assay. To generate the DNA substrates for
in vitro Cas9 cleavage assays, templates BL408, BL409, BL410,
BL487, BL488, and BL489 (1 ng per 50-μL reaction) were PCR-
amplified with primers BL415 (400 nM) and BL416 (400 nM),
and OneTaq DNA polymerase in 1× OneTaq standard reaction
buffer supplemented with dNaMTP (100 μM), dTPT3TP (100 μM),
and MgCl2 (1.5 mM), under the following thermocycling condi-
tions: [25 × (95 °C 0:15 j 56 °C 0:15 j 68 °C 1:30)].
To generate the DNA templates for in vitro transcription of

sgRNAs, templates BL318, BL484, BL485, and BL486 (1 ng per
50-μL reaction), which contain the T7 promoter and a CRISPR
RNA (crRNA) spacer sequence, were PCR-amplified with primers
BL472 (200 nM) and BL473 (200 nM), and OneTaq DNA poly-
merase in 1× OneTaq standard reaction buffer supplemented with
MgCl2 (6 mM), under the following thermocycling conditions:
[20 × (95 °C 0:15 j 60 °C 0:15 j 68 °C 1:30)]. DNA from this first
PCR (0.5 μL) was then transferred into a second PCR (100 μL)
containing primers BL472 (400 nM), BL439 (500 nM), and
BL440 (600 nM), and thermocycled under the following condi-

tions: [4 × (95 °C 0:15 j 68 °C 0:15 j 68 °C 1:30) 20 × (95 °C 0:15 j
60 °C 0:15 j 68 °C 1:30)]. In vitro transcription of the PCR
products with T7 RNA polymerase was performed according to
the manufacturer’s protocol, and transcribed sgRNAs were pu-
rified by PAGE, band excision, and extraction (37 °C, overnight)
into an aqueous solution of NaCl (200 mM) and EDTA (1 mM,
pH 7), followed by concentration and purification by ethanol
precipitation.
For in vitro cleavage reactions, Cas9 nuclease (125 nM) was

incubated with each transcribed sgRNA (125 nM) in 1 × Cas9
nuclease reaction buffer for 5 min, then DNA substrate was added,
and the reaction was incubated (37 °C, 10 min). The reaction was
quenched with SDS/PAGE loading buffer [62 mM Tris·HCl, 2.5%
(wt/vol) SDS, 0.002% bromophenol blue, 0.7 M β-mercaptoethanol,
and 10% (vol/vol) glycerol], heat-denatured (95 °C, 10 min), and
then loaded onto an SDS/PAGE gel. The resulting cleavage bands
were quantified by densitometric analysis using ImageJ (40). For
each sgRNA, raw cleavage efficiencies were divided by the maxi-
mum cleavage observed for that sgRNA across the set of the six
DNA substrates, to account for differences in sgRNA activity and/or
minor variations in preparation. Experiments were performed in
technical triplicate, and averages represent an average of three
in vitro cleavage reactions performed in parallel.

Biotin Shift Depletion and in Vivo Mutation Analysis. To determine
the mutational spectrum of the UBP in isolated plasmid samples,
biotin shift assays were performed as described in Materials and
Methods, Biotin Shift Assay. Nonshifted bands, which correspond to
natural mutations of the UBP-containing sequences, were excised
and extracted (37 °C, overnight) into a minimal amount of an
aqueous solution of NaCl (200 mM) and EDTA (1 mM, pH 7),
followed by concentration and purification by ethanol precipitation.
A sample of extract (1 μL) was PCR-amplified under standard
conditions (natural dNTPs only), with OneTaq DNA polymerase
and the same primers used for the biotin shift PCR, and the
resulting products were sequenced by Sanger sequencing.
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Fig. S1. The dATP uptake and growth of cells expressing PtNTT2 as a function of inducer (IPTG) concentration or promoter strength, strain background, and
presence of N-terminal signal sequences. (A) Uptake of [α-32P]-dATP in strains with inducible PtNTT2. Error bars represent SD of the mean, and n = 3 cultures; r.d.u.
is relative decay units, which corresponds to the total number of radioactive counts per minute normalized to the average OD600 across a 1-h window of uptake,
with the uptake of C41(DE3) pCDF-1b PtNTT2(1-575) (i.e., DM1) induced with 1,000 μM IPTG set to 1. Deletion of the N-terminal signal sequences drastically reduces
uptake activity in C41(DE3), but activity can be restored with higher levels of expression in BL21(DE3). (B) Growth curves of C41(DE3) strains. Induction of PtNTT2(1-
575) is toxic. (C) Growth curves of BL21(DE3) strains. Induction of T7 RNAP in BL21(DE3) is toxic (see empty vector traces), which masks the effect of deleting the
N-terminal signal sequences of PtNTT2 on cell growth. (D) Uptake of [α-32P]-dATP in strains that constitutively express PtNTT2(66-575) from the indicated pro-
moters. (E) Growth curves of plasmid-based and chromosomally integrated transporter strains. All PtNTT2 strains are non-codon-optimized for plasmid-based
expression and codon-optimized for chromosomal expression, unless otherwise indicated. Strain YZ4 also contains a chromosomally integrated Cas9 gene.
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Fig. S2. Plasmid maps. Promoters and terminators are denoted by white and gray features, respectively; pMB1* denotes the derivative of the pMB1 origin
from pUC19, which contains a mutation that increases its copy number (41). Plasmids that contain a UBP are generally indicated with the TK1 sequence
(orange), but, as described in Results and Discussion and indicated above, pUCX2 and pAIO variants with other UBP-containing sequences also position the UBP
in the approximate locus shown with TK1 above; sgRNA (N) denotes the guide RNA that recognizes a natural substitution mutation of the UBP, with N being
the nucleotide present in the guide RNA; sgRNA (Δ) denotes the guide RNA that recognizes a single nucleotide deletion of the UBP; this sgRNA and its as-
sociated promoter and terminator (indicated by ‡) are only present in certain experiments. serT and gfp do not have promoters.
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Fig. S3. Additional characterization of UBP propagation. (A) Growth curves for the experiments shown in Fig. 2B. YZ3 and DM1 (induced with 1 mM IPTG)
were transformed with the indicated UBP-containing plasmids, or their corresponding fully natural controls, and grown in media containing dNaMTP and
d5SICSTP. Each line represents one transformation and subsequent growth in liquid culture. The x axis represents time spent in liquid culture, excluding the 1 h
of recovery following electroporation (Materials and Methods). Growth curves terminate at the OD600 at which cells were collected for plasmid isolation and
analysis of UBP retention. Staggering of the curves along the x axis for replicates within a given strain and plasmid combination is likely due to minor variability
in transformation frequencies between transformations (and thus differences in the number of cells inoculated into each culture), whereas differences in slope
between curves indicate differences in fitness. Growth of YZ3 is comparable between all three UBP-containing plasmids (and between each UBP-containing
plasmid and its respective natural control), whereas growth of DM1 is impaired by the UBP-containing plasmids, especially for pUCX1 and pUCX2. (B) Re-
tentions of gfp pUCX2 variants propagated in YZ3 by transformation, plating on solid media, isolation of single colonies, and subsequent inoculation and
growth in liquid media, in comparison with retentions from plasmids propagated by transformation and growth of YZ3 in liquid media only. Cells were plated
from the same transformations used in the experiments for Fig. 2C. Solid and liquid media both contained dNaMTP and dTPT3TP. Cells were harvested at OD600

of ∼1. Five colonies were inoculated for each of the pUCX2 variants indicated, but some colonies failed to grow (indicated by a blank space in the table).
Retentions for samples isolated from transformants grown solely in liquid media were assayed from the same samples shown in Fig. 2C, but were assayed and
normalized to an oligonucleotide control in parallel with the plated transformant samples to facilitate comparisons in retention. See Materials and Methods
for additional details regarding UBP retention normalization. For samples with near-zero shift, we cannot determine whether the UBP was completely lost
in vivo or if the sample came from a colony that was transformed with a fully natural plasmid (some of which arises during plasmid assembly, specifically during
the PCR used to generate the UBP-containing insert).
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Fig. S4. Effect of dNaM-dTPT3 on Cas9-mediated cleavage of DNA in vitro. Cas9-mediated in vitro cleavage was assessed for six DNA substrates, wherein the
third nucleotide upstream of the PAM is one of the four natural nucleotides, dTPT3, or dNaM. The four sgRNAs that are complementary to each natural
template were prepared by in vitro transcription with T7 RNAP. To account for differences in sgRNA activity and/or minor variations in preparation, a relative
percent maximal cleavage for each sgRNA vs. all six DNA substrates is shown in parentheses (SI Materials and Methods). Values represent means ±1 SD (n = 3
technical replicates). In several cases, the presence of an unnatural nucleotide significantly reduced cleavage compared with DNA complementary to the
sgRNA. These data suggest that Cas9 programmed with sgRNA(s) complementary to one or more of the natural sequences would preferentially cut DNA that
had lost the UBP.

Fig. S5. (A) The sgRNA sequences used to enhance retention of the UBP in Fig. 3B (red denotes guide RNA nucleotides mismatched with the DNA target; the
position of dTPT3 is denoted by Y and shown in green); hEGFP is a nontarget sgRNA. (B) Sanger sequencing chromatogram illustrating mutation of dNaM to dT
in the absence of an sgRNA to target Cas9 nuclease activity. (C) Sanger sequencing chromatogram illustrating that, in the presence of Cas9 and a targeting
sgRNA (TK1-A), sequences containing the dNaM to dT mutation are likely depleted by Cas9 cleavage, thus resulting in the accumulation of other mutations
that are either not targeted by the TK1-A sgRNA (Δ, a single nucleotide deletion of dNaM) or targeted by the TK1-A sgRNA, but less efficiently because of a
mismatch between the guide and the mutation sequence (dNaM to dG). UBP-containing species were depleted before sequencing (SI Materials and Methods).
The position of the mutation in the chromatograms shown in B and C is indicated by an arrow.
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Fig. S6. Representative biotin shift assay gels for Fig. 5. Each lane (excluding the oligonucleotide controls) corresponds to a pAIO2X plasmid sample isolated
from a clonally derived YZ4 culture, grown with the IPTG concentration indicated, after an estimated 108 cell doublings in liquid culture (point 7 of Fig. 5). Each
plasmid sample is split and analyzed in parallel biotin shift reactions that assay the UBP content at the gfp and serT loci (red and blue primers, respectively).

Fig. S7. Representative growth curves of YZ4 replicating pAIO2X. Growth curves are for the first dilution−regrowth (point 2) in Fig. 5. Curves terminate at the
OD600 at which cultures were collected for both plasmid isolation and dilution for the next regrowth. Doubling times are calculated from the timepoints
collected between OD600 0.1 and 1.0 for each curve and averaged for each strain and/or IPTG condition.
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Table S1. Cas9 NXN sequences

pUCX2 or pAIO
UBP context

UBP retentions in YZ3 (-Cas9) UBP retentions in YZ4 (+Cas9)

Sequence Guides, N/Δ

colonies, %

IPTG, μM

colonies, %

1 2 3 4 5 6 7 8 1 2 3 4 5 6

GXG TCACACAATGTAGXGATCACGG T/Δ 59 23 40 57 50 103 103 103
GXA ACCAGGATGGGXACCACCCCGG T/Δ 36 90 90 83 10 94 102 103 95 88 98
GXC TCACACAATGTAGXCATCACGG T/Δ 98 97 102 88 65 96 92 10 95 97 106
GXT ACCAGGATGGGCACCAYCCCGG G/Δ 111 97 115 113 25 115 113 114
AXG ACCAXGATGGGCACCACCCCGG T/Δ 3 13 13 50 107 106 105 109 105
AXA TCACACAATGTAXAGATCACGG T/Δ 96 91 91 50 104 103 101 98 76
AXC ACCAGGATGGGCACCAXCCCGG T/Δ 43 49 72 70 0 95 96 96
AXT TGTTGTGTGGAAYTGTGAGCGG A/Δ 92 92 89 93 85 84 100 50 103 103 105 105 102 99
CXG TTGTCACTACTCTGACCYGCGG G/Δ 2 2 6 13 7 14 4 12 50 6 16 23 1
CXA TTGTCACTACTCTGACCXAGGG A/Δ 1 5 10 0 9 11 50 8 3 16 10 7
CXC TCACACAATGTACXCATCACGG T/Δ 16 21 12 50 66 95 77
CXT ACCAYGATGGGCACCACCCCGG A/Δ 84 73 72 69 50 106 112 88
TXG TCACACAATGTATXGATCACGG T/Δ 13 20 12 17 50 117 86 114
TXA TCACACAATGTATYAATCACGG A/Δ 54 79 78 50 101 104 97
TXC ACCAGGATGGGYACCACCCCGG G/Δ 43 38 68 10 101 104 100
TXT ATTCACAATACTXTCTTTAAGG T/Δ 104 111 103 96 0 115 114 109

The 22 nt of each UBP-containing sequence examined in Fig. 4 is shown. X = dNaM; Y = dTPT3. The sequence of the sgRNA targeting the substitution
mutation of the UBP (N) is the 18-nt sequence 5′ to the NGG PAM, with X or Y replaced by the natural nucleotide indicated. The sequence of the sgRNA
targeting the deletion mutation of the UBP (Δ) is the 19-nt sequence 5′ to the NGG PAM, but without X or Y. In the SSO, the activity of Cas9-sgRNA complexes is
tuned by modulating the induction of Cas9 with IPTG; different sequences require different IPTG concentrations, likely because the different sgRNAs have
different activities, by virtue of being different sequences. Several IPTG concentrations were explored for each sgRNA and sequence context pair, and the
optimal IPTG concentrations (and their associated retentions) are reported. YZ3 experiments were performed without IPTG. Retentions shown in Fig. 4B are
averaged from the values and number of colonies indicated here.

Other Supporting Information Files

Dataset S1 (PDF)
Dataset S2 (XLSX)
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In plasmids containing the UBP, its position is denoted by N. 

>pCDF-1b-PtNTT2(66-575)  (4959 bp)
TTTTCTACTGAACCGCTCTAGATTTCAGTGCAATTTATCTCTTCAAATGTAGCACCTGAAGTCAGCCCCATACGATA
TAAGTTGTAATTCTCATGTTAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGGTTGAAGGCTCTCAAGGGCAT
CGGTCGAGATCCCGGTGCCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGG
GAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGT
GGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGC
GGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAACATGAGCTGTCT
TCGGTATCGTCGTATCCCACTACCGAGATGTCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCC
CAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAA
AACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAG
CCAGCCAGACGCAGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGAC
CAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACAT
CAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATG
ATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCAT
CGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGG
CCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAATGTAA
TTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGA
AACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATT
GACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTC
TCCCTTATGCGACTCCTGCATTAGGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTG
TAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGAGGCAGTACTGTTGCACCAACTACACCGTTGGC
AACCGGCGGTGCGCTCCGCAAAGTGCGACAAGCCGTCTTTCCCATCTACGGAAACCAAGAAGTCACCAAATTTCTGC
TCATCGGATCCATTAAATTCTTTATAATCTTGGCACTCACGCTCACGCGTGATACCAAGGACACGTTGATTGTCACG
CAATGTGGTGCCGAAGCGATTGCCTTTCTCAAAATATACGGGGTGCTACCCGCAGCGACCGCATTTATCGCGCTCTA
TTCCAAAATGTCCAACGCCATGGGCAAAAAAATGCTATTTTATTCCACTTGCATTCCTTTCTTTACCTTTTTCGGGC
TGTTTGATGTTTTCATTTACCCGAACGCGGAGCGACTGCACCCTAGTTTGGAAGCCGTGCAGGCAATTCTCCCGGGC
GGTGCCGCATCTGGCGGCATGGCGGTTCTGGCCAAGATTGCGACACACTGGACATCGGCCTTATTTTACGTCATGGC
GGAAATATATTCTTCCGTATCGGTGGGGCTATTGTTTTGGCAGTTTGCGAACGACGTCGTCAACGTGGATCAGGCCA
AGCGCTTTTATCCATTATTTGCTCAAATGAGTGGCCTCGCTCCAGTTTTAGCGGGCCAGTATGTGGTACGGTTTGCC
AGCAAAGCGGTCAACTTTGAGGCATCCATGCATCGACTCACGGCGGCCGTAACATTTGCTGGTATTATGATTTGCAT
CTTTTACCAACTCAGTTCGTCATATGTGGAGCGAACGGAATCAGCAAAGCCAGCGGCAGATAACGAGCAGTCTATCA
AACCGAAAAAGAAGAAACCCAAAATGTCCATGGTTGAATCGGGGAAATTTCTCGCGTCAAGTCAGTACCTGCGTCTA
ATTGCCATGCTGGTGCTGGGATACGGCCTCAGTATTAACTTTACCGAAATCATGTGGAAAAGCTTGGTGAAGAAACA
ATATCCAGACCCGCTAGATTATCAACGATTTATGGGTAACTTCTCGTCAGCGGTTGGTTTGAGCACATGCATTGTTA
TTTTCTTCGGTGTGCACGTGATCCGTTTGTTGGGGTGGAAAGTCGGAGCGTTGGCTACACCTGGGATCATGGCCATT
CTAGCGTTACCCTTTTTTGCTTGCATTTTGTTGGGTTTGGATAGTCCAGCACGATTGGAGATCGCCGTAATCTTTGG
AACAATTCAGAGTTTGCTGAGCAAAACCTCCAAGTATGCCCTTTTCGACCCTACCACACAAATGGCTTATATTCCTC
TGGACGACGAATCAAAGGTCAAAGGAAAAGCGGCAATTGATGTTTTGGGATCGCGGATTGGCAAGAGTGGAGGCTCA
CTGATCCAGCAGGGCTTGGTCTTTGTTTTTGGAAATATCATTAATGCCGCACCTGTAGTAGGGGTTGTCTACTACAG
TGTCCTTGTTGCGTGGATGAGCGCAGCTGGCCGACTAAGTGGGCTTTTTCAAGCACAAACAGAAATGGATAAGGCCG
ACAAAATGGAGGCAAAGACCAACAAAGAAAAGTAGTTAACCTAGGCTGCTGCCACCGCTGAGCAATAACTAGCATAA
CCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAACCTCAGGCATTTGAGAAGCACACGGTCACACT
GCTTCCGGTAGTCAATAAACCGGTAAACCAGCAATAGACATAAGCGGCTATTTAACGACCCTGCCCTGAACCGACGA
CCGGGTCATCGTGGCCGGATCTTGCGGCCCCTCGGCTTGAACGAATTGTTAGACATTATTTGCCGACTACCTTGGTG
ATCTCGCCTTTCACGTAGTGGACAAATTCTTCCAACTGATCTGCGCGCGAGGCCAAGCGATCTTCTTCTTGTCCAAG
ATAAGCCTGTCTAGCTTCAAGTATGACGGGCTGATACTGGGCCGGCAGGCGCTCCATTGCCCAGTCGGCAGCGACAT
CCTTCGGCGCGATTTTGCCGGTTACTGCGCTGTACCAAATGCGGGACAACGTAAGCACTACATTTCGCTCATCGCCA
GCCCAGTCGGGCGGCGAGTTCCATAGCGTTAAGGTTTCATTTAGCGCCTCAAATAGATCCTGTTCAGGAACCGGATC
AAAGAGTTCCTCCGCCGCTGGACCTACCAAGGCAACGCTATGTTCTCTTGCTTTTGTCAGCAAGATAGCCAGATCAA
TGTCGATCGTGGCTGGCTCGAAGATACCTGCAAGAATGTCATTGCGCTGCCATTCTCCAAATTGCAGTTCGCGCTTA
GCTGGATAACGCCACGGAATGATGTCGTCGTGCACAACAATGGTGACTTCTACAGCGCGGAGAATCTCGCTCTCTCC
AGGGGAAGCCGAAGTTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAGCCTTACGGTCACCGTAA
CCAGCAAATCAATATCACTGTGTGGCTTCAGGCCGCCATCCACTGCGGAGCCGTACAAATGTACGGCCAGCAACGTC
GGTTCGAGATGGCGCTCGATGACGCCAACTACCTCTGATAGTTGAGTCGATACTTCGGCGATCACCGCTTCCCTCAT
ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTT
AGAAAAATAAACAAATAGCTAGCTCACTCGGTCGCTACGCTCCGGGCGTGAGACTGCGGCGGGCGCTGCGGACACAT
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ACAAAGTTACCCACAGATTCCGTGGATAAGCAGGGGACTAACATGTGAGGCAAAACAGCAGGGCCGCGCCGGTGGCG
TTTTTCCATAGGCTCCGCCCTCCTGCCAGAGTTCACATAAACAGACGCTTTTCCGGTGCATCTGTGGGAGCCGTGAG
GCTCAACCATGAATCTGACAGTACGGGCGAAACCCGACAGGACTTAAAGATCCCCACCGTTTCCGGCGGGTCGCTCC
CTCTTGCGCTCTCCTGTTCCGACCCTGCCGTTTACCGGATACCTGTTCCGCCTTTCTCCCTTACGGGAAGTGTGGCG
CTTTCTCATAGCTCACACACTGGTATCTCGGCTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTAAGCAAGAACTC
CCCGTTCAGCCCGACTGCTGCGCCTTATCCGGTAACTGTTCACTTGAGTCCAACCCGGAAAAGCACGGTAAAACGCC
ACTGGCAGCAGCCATTGGTAACTGGGAGTTCGCAGAGGATTTGTTTAGCTAAACACGCGGTTGCTCTTGAAGTGTGC
GCCAAAGTCCGGCTACACTGGAAGGACAGATTTGGTTGCTGTGCTCTGCGAAAGCCAGTTACCACGGTTAAGCAGTT
CCCCAACTGACTTAACCTTCGATCAAACCACCTCCCCAGGTGGTTTTTTCGTTTACAGGGCAAAAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATC 
 
>pSC-Pbla-PtNTT2(66-575)-T0  (4838 bp)  
ATCTCAATTGGTATAGTGATTAAAATCACCTAGACCAATTGAGATGTATGTCTGAATTAGTTGTTTTCAAAGCAAAT
GAACTAGCGATTAGTCGCTATGACTTAACGGAGCATGAAACCAAGCTAATTTTATGCTGTGTGGCACTACTCAACCC
CACGATTGAAAACCCTACAAGGAAAGAACGGACGGTATCGTTCACTTATAACCAATACGCTCAGATGATGAACATCA
GTAGGGAAAATGCTTATGGTGTATTAGCTAAAGCAACCAGAGAGCTGATGACGAGAACTGTGGAAATCAGGAATCCT
TTGGTTAAAGGCTTTGAGATTTTCCAGTGGACAAACTATGCCAAGTTCTCAAGCGAAAAATTAGAATTAGTTTTTAG
TGAAGAGATATTGCCTTATCTTTTCCAGTTAAAAAAATTCATAAAATATAATCTGGAACATGTTAAGTCTTTTGAAA
ACAAATACTCTATGAGGATTTATGAGTGGTTATTAAAAGAACTAACACAAAAGAAAACTCACAAGGCAAATATAGAG
ATTAGCCTTGATGAATTTAAGTTCATGTTAATGCTTGAAAATAACTACCATGAGTTTAAAAGGCTTAACCAATGGGT
TTTGAAACCAATAAGTAAAGATTTAAACACTTACAGCAATATGAAATTGGTGGTTGATAAGCGAGGCCGCCCGACTG
ATACGTTGATTTTCCAAGTTGAACTAGATAGACAAATGGATCTCGTAACCGAACTTGAGAACAACCAGATAAAAATG
AATGGTGACAAAATACCAACAACCATTACATCAGATTCCTACCTACATAACGGACTAAGAAAAACACTACACGATGC
TTTAACTGCAAAAATTCAGCTCACCAGTTTTGAGGCAAAATTTTTGAGTGACATGCAAAGTAAGTATGATCTCAATG
GTTCGTTCTCATGGCTCACGCAAAAACAACGAACCACACTAGAGAACATACTGGCTAAATACGGAAGGATCTGAGGT
TCTTATGGCTCTTGTATCTATCAGTGAAGCATCAAGACTAACAAACAAAAGTAGAACAACTGTTCACCGTTACATAT
CAAAGGGAAAACTGTCCATATGCACAGATGAAAACGGTGTAAAAAAGATAGATACATCAGAGCTTTTACGAGTTTTT
GGTGCATTCAAAGCTGTTCACCATGAACAGATCGACAATGTAACAGATGAACAGCATGTAACACCTAATAGAACAGG
TGAAACCAGTAAAACAAAGCAACTAGAACATGAAATTGAACACCTGAGACAACTTGTTACAGCTCAACAGTCACACA
TAGACAGCCTGAAACAGGCGATGCTGCTTATCGAATCAAAGCTGCCGACAACACGGGAGCCAGTGACGCCTCCCGTG
GGGAAAAAATCATGGCAATTCTGGAAGAAATAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAAATTTTTCTA
AATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGA
GATATACCATGGGAGGCAGTACTGTTGCACCAACTACACCGTTGGCAACCGGCGGTGCGCTCCGCAAAGTGCGACAA
GCCGTCTTTCCCATCTACGGAAACCAAGAAGTCACCAAATTTCTGCTCATCGGATCCATTAAATTCTTTATAATCTT
GGCACTCACGCTCACGCGTGATACCAAGGACACGTTGATTGTCACGCAATGTGGTGCCGAAGCGATTGCCTTTCTCA
AAATATACGGGGTGCTACCCGCAGCGACCGCATTTATCGCGCTCTATTCCAAAATGTCCAACGCCATGGGCAAAAAA
ATGCTATTTTATTCCACTTGCATTCCTTTCTTTACCTTTTTCGGGCTGTTTGATGTTTTCATTTACCCGAACGCGGA
GCGACTGCACCCTAGTTTGGAAGCCGTGCAGGCAATTCTCCCGGGCGGTGCCGCATCTGGCGGCATGGCGGTTCTGG
CCAAGATTGCGACACACTGGACATCGGCCTTATTTTACGTCATGGCGGAAATATATTCTTCCGTATCGGTGGGGCTA
TTGTTTTGGCAGTTTGCGAACGACGTCGTCAACGTGGATCAGGCCAAGCGCTTTTATCCATTATTTGCTCAAATGAG
TGGCCTCGCTCCAGTTTTAGCGGGCCAGTATGTGGTACGGTTTGCCAGCAAAGCGGTCAACTTTGAGGCATCCATGC
ATCGACTCACGGCGGCCGTAACATTTGCTGGTATTATGATTTGCATCTTTTACCAACTCAGTTCGTCATATGTGGAG
CGAACGGAATCAGCAAAGCCAGCGGCAGATAACGAGCAGTCTATCAAACCGAAAAAGAAGAAACCCAAAATGTCCAT
GGTTGAATCGGGGAAATTTCTCGCGTCAAGTCAGTACCTGCGTCTAATTGCCATGCTGGTGCTGGGATACGGCCTCA
GTATTAACTTTACCGAAATCATGTGGAAAAGCTTGGTGAAGAAACAATATCCAGACCCGCTAGATTATCAACGATTT
ATGGGTAACTTCTCGTCAGCGGTTGGTTTGAGCACATGCATTGTTATTTTCTTCGGTGTGCACGTGATCCGTTTGTT
GGGGTGGAAAGTCGGAGCGTTGGCTACACCTGGGATCATGGCCATTCTAGCGTTACCCTTTTTTGCTTGCATTTTGT
TGGGTTTGGATAGTCCAGCACGATTGGAGATCGCCGTAATCTTTGGAACAATTCAGAGTTTGCTGAGCAAAACCTCC
AAGTATGCCCTTTTCGACCCTACCACACAAATGGCTTATATTCCTCTGGACGACGAATCAAAGGTCAAAGGAAAAGC
GGCAATTGATGTTTTGGGATCGCGGATTGGCAAGAGTGGAGGCTCACTGATCCAGCAGGGCTTGGTCTTTGTTTTTG
GAAATATCATTAATGCCGCACCTGTAGTAGGGGTTGTCTACTACAGTGTCCTTGTTGCGTGGATGAGCGCAGCTGGC
CGACTAAGTGGGCTTTTTCAAGCACAAACAGAAATGGATAAGGCCGACAAAATGGAGGCAAAGACCAACAAAGAAAA
GTAGTTAACCTAGGCTGCTGCCACCGCTGAGCAATAAGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCA
TCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATTTTTGGCGGATGGCATTTGAGA
AGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCAGCAATAGACATAAGCGGCTATTTAACGACCC
TGCCCTGAACCGACGACCGGGTCGAATTTGCTTTCGAATTTCTGCCATTCATCCGCTTATTATCACTTATTCAGGCG
TAGCACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCCACTCATCGCAGTACTGT
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TGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGAACCTGAATCGCCAGCGGCATCAG
CACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTA
AATCAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAG
GCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTCACT
CCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCT
CACCGTCTTTCATTGCCATACGAAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAA
AACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTG
AGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGTGATTT
TTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCA
TTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGT
ATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTATTTATTCGGCGCCTGTAGTGC
CATTTACCCCCATTCACTGCCAGAGCCGTGAGCGCAGCGAACTGAATGTCACGAAAAAGACAGCGACTCAGGTGCCT
GATGGTCGGAGACAAAAGGAATATTCAGCGATTTGCCCGAGCTTGCGAGGGTGCTACTTAAGCCTTTAGGGTTTTAA
GGTCTGTTTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAACTGACTAAAGTAGTGAGTT
ATACACAGGGCTGGGATCTATTCTTTTTATCTTTTTTTATTCTTTCTTTATTCTATAAATTATAACCACTTGAATAT
AAACAAAAAAAACACACAAAGGTCTAGCGGAATTTACAGAGGGTCTAGCAGAATTTACAAGTTTTCCAGCAAAGGTC
TAGCAGAATTTACAGATACCCACAACTCAAAGGAAAAGGACTAGTAATTATCATTGACTAGCCC 
 
>PtNTT2(66-575) codon-optimized (co)  (1536 bp)  
ATGGGTGGTAGCACCGTTGCACCGACCACACCGCTGGCAACCGGTGGTGCACTGCGTAAAGTTCGTCAGGCAGTTTT
TCCGATTTATGGCAATCAAGAAGTGACCAAATTTCTGCTGATTGGCAGCATCAAATTCTTTATTATCCTGGCACTGA
CCCTGACCCGTGATACCAAAGATACCCTGATTGTTACCCAGTGTGGTGCAGAAGCAATTGCATTTCTGAAAATCTAT
GGTGTTCTGCCTGCAGCAACCGCATTTATTGCACTGTATAGCAAAATGAGCAACGCAATGGGCAAAAAAATGCTGTT
TTATAGCACCTGTATCCCGTTCTTTACCTTTTTTGGTCTGTTCGATGTGTTCATTTATCCGAATGCCGAACGTCTGC
ATCCGAGCCTGGAAGCAGTTCAGGCAATTCTGCCTGGTGGTGCCGCAAGCGGTGGTATGGCAGTTCTGGCAAAAATT
GCAACCCATTGGACCAGCGCACTGTTTTATGTTATGGCAGAAATCTATAGCAGCGTTAGCGTTGGTCTGCTGTTTTG
GCAGTTTGCAAATGATGTTGTTAATGTGGATCAGGCCAAACGTTTTTATCCGCTGTTTGCACAGATGAGCGGTCTGG
CACCGGTTCTGGCAGGTCAGTATGTTGTTCGTTTTGCAAGCAAAGCCGTTAATTTTGAAGCAAGCATGCATCGTCTG
ACCGCAGCAGTTACCTTTGCAGGTATTATGATCTGCATCTTTTATCAGCTGAGCAGCTCATATGTTGAACGTACCGA
AAGCGCAAAACCGGCAGCAGATAATGAACAGAGCATTAAACCGAAGAAAAAAAAACCGAAAATGTCGATGGTGGAAA
GCGGTAAATTTCTGGCAAGCAGCCAGTATCTGCGTCTGATTGCAATGCTGGTTCTGGGTTATGGTCTGAGCATTAAC
TTTACCGAAATCATGTGGAAAAGCCTGGTGAAAAAACAGTATCCGGATCCGCTGGATTATCAGCGTTTTATGGGTAA
TTTTAGCAGCGCAGTTGGTCTGAGTACCTGCATTGTTATCTTTTTTGGCGTGCATGTTATTCGTCTGCTGGGTTGGA
AAGTTGGTGCCCTGGCAACACCGGGTATTATGGCCATTCTGGCACTGCCGTTTTTTGCATGTATTCTGCTGGGCCTG
GATAGTCCGGCACGTCTGGAAATTGCAGTTATTTTTGGCACCATTCAGAGCCTGCTGAGCAAAACCAGCAAATATGC
ACTGTTTGATCCGACCACCCAGATGGCATATATCCCGCTGGATGATGAAAGCAAAGTTAAAGGCAAAGCAGCCATTG
ATGTTCTGGGTAGCCGTATTGGTAAATCAGGTGGTAGCCTGATTCAGCAGGGTCTGGTTTTTGTTTTTGGCAATATT
ATCAATGCCGCACCGGTTGTTGGTGTTGTGTATTATAGCGTTCTGGTTGCATGGATGAGTGCAGCAGGTCGTCTGAG
TGGTCTGTTTCAGGCACAGACCGAAATGGATAAAGCAGATAAAATGGAAGCCAAAACCAACAAAGAAAAATGA 
 
>pSC-Pbla-PtNTT2(66-575 co)-T0  (4838 bp)  
ATCTCAATTGGTATAGTGATTAAAATCACCTAGACCAATTGAGATGTATGTCTGAATTAGTTGTTTTCAAAGCAAAT
GAACTAGCGATTAGTCGCTATGACTTAACGGAGCATGAAACCAAGCTAATTTTATGCTGTGTGGCACTACTCAACCC
CACGATTGAAAACCCTACAAGGAAAGAACGGACGGTATCGTTCACTTATAACCAATACGCTCAGATGATGAACATCA
GTAGGGAAAATGCTTATGGTGTATTAGCTAAAGCAACCAGAGAGCTGATGACGAGAACTGTGGAAATCAGGAATCCT
TTGGTTAAAGGCTTTGAGATTTTCCAGTGGACAAACTATGCCAAGTTCTCAAGCGAAAAATTAGAATTAGTTTTTAG
TGAAGAGATATTGCCTTATCTTTTCCAGTTAAAAAAATTCATAAAATATAATCTGGAACATGTTAAGTCTTTTGAAA
ACAAATACTCTATGAGGATTTATGAGTGGTTATTAAAAGAACTAACACAAAAGAAAACTCACAAGGCAAATATAGAG
ATTAGCCTTGATGAATTTAAGTTCATGTTAATGCTTGAAAATAACTACCATGAGTTTAAAAGGCTTAACCAATGGGT
TTTGAAACCAATAAGTAAAGATTTAAACACTTACAGCAATATGAAATTGGTGGTTGATAAGCGAGGCCGCCCGACTG
ATACGTTGATTTTCCAAGTTGAACTAGATAGACAAATGGATCTCGTAACCGAACTTGAGAACAACCAGATAAAAATG
AATGGTGACAAAATACCAACAACCATTACATCAGATTCCTACCTACATAACGGACTAAGAAAAACACTACACGATGC
TTTAACTGCAAAAATTCAGCTCACCAGTTTTGAGGCAAAATTTTTGAGTGACATGCAAAGTAAGTATGATCTCAATG
GTTCGTTCTCATGGCTCACGCAAAAACAACGAACCACACTAGAGAACATACTGGCTAAATACGGAAGGATCTGAGGT
TCTTATGGCTCTTGTATCTATCAGTGAAGCATCAAGACTAACAAACAAAAGTAGAACAACTGTTCACCGTTACATAT
CAAAGGGAAAACTGTCCATATGCACAGATGAAAACGGTGTAAAAAAGATAGATACATCAGAGCTTTTACGAGTTTTT
GGTGCATTCAAAGCTGTTCACCATGAACAGATCGACAATGTAACAGATGAACAGCATGTAACACCTAATAGAACAGG
TGAAACCAGTAAAACAAAGCAACTAGAACATGAAATTGAACACCTGAGACAACTTGTTACAGCTCAACAGTCACACA
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TAGACAGCCTGAAACAGGCGATGCTGCTTATCGAATCAAAGCTGCCGACAACACGGGAGCCAGTGACGCCTCCCGTG
GGGAAAAAATCATGGCAATTCTGGAAGAAATAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCA
TTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAAATTTTTCTA
AATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGA
GATATACCATGGGTGGTAGCACCGTTGCACCGACCACACCGCTGGCAACCGGTGGTGCACTGCGTAAAGTTCGTCAG
GCAGTTTTTCCGATTTATGGCAATCAAGAAGTGACCAAATTTCTGCTGATTGGCAGCATCAAATTCTTTATTATCCT
GGCACTGACCCTGACCCGTGATACCAAAGATACCCTGATTGTTACCCAGTGTGGTGCAGAAGCAATTGCATTTCTGA
AAATCTATGGTGTTCTGCCTGCAGCAACCGCATTTATTGCACTGTATAGCAAAATGAGCAACGCAATGGGCAAAAAA
ATGCTGTTTTATAGCACCTGTATCCCGTTCTTTACCTTTTTTGGTCTGTTCGATGTGTTCATTTATCCGAATGCCGA
ACGTCTGCATCCGAGCCTGGAAGCAGTTCAGGCAATTCTGCCTGGTGGTGCCGCAAGCGGTGGTATGGCAGTTCTGG
CAAAAATTGCAACCCATTGGACCAGCGCACTGTTTTATGTTATGGCAGAAATCTATAGCAGCGTTAGCGTTGGTCTG
CTGTTTTGGCAGTTTGCAAATGATGTTGTTAATGTGGATCAGGCCAAACGTTTTTATCCGCTGTTTGCACAGATGAG
CGGTCTGGCACCGGTTCTGGCAGGTCAGTATGTTGTTCGTTTTGCAAGCAAAGCCGTTAATTTTGAAGCAAGCATGC
ATCGTCTGACCGCAGCAGTTACCTTTGCAGGTATTATGATCTGCATCTTTTATCAGCTGAGCAGCTCATATGTTGAA
CGTACCGAAAGCGCAAAACCGGCAGCAGATAATGAACAGAGCATTAAACCGAAGAAAAAAAAACCGAAAATGTCGAT
GGTGGAAAGCGGTAAATTTCTGGCAAGCAGCCAGTATCTGCGTCTGATTGCAATGCTGGTTCTGGGTTATGGTCTGA
GCATTAACTTTACCGAAATCATGTGGAAAAGCCTGGTGAAAAAACAGTATCCGGATCCGCTGGATTATCAGCGTTTT
ATGGGTAATTTTAGCAGCGCAGTTGGTCTGAGTACCTGCATTGTTATCTTTTTTGGCGTGCATGTTATTCGTCTGCT
GGGTTGGAAAGTTGGTGCCCTGGCAACACCGGGTATTATGGCCATTCTGGCACTGCCGTTTTTTGCATGTATTCTGC
TGGGCCTGGATAGTCCGGCACGTCTGGAAATTGCAGTTATTTTTGGCACCATTCAGAGCCTGCTGAGCAAAACCAGC
AAATATGCACTGTTTGATCCGACCACCCAGATGGCATATATCCCGCTGGATGATGAAAGCAAAGTTAAAGGCAAAGC
AGCCATTGATGTTCTGGGTAGCCGTATTGGTAAATCAGGTGGTAGCCTGATTCAGCAGGGTCTGGTTTTTGTTTTTG
GCAATATTATCAATGCCGCACCGGTTGTTGGTGTTGTGTATTATAGCGTTCTGGTTGCATGGATGAGTGCAGCAGGT
CGTCTGAGTGGTCTGTTTCAGGCACAGACCGAAATGGATAAAGCAGATAAAATGGAAGCCAAAACCAACAAAGAAAA
ATGATTAACCTAGGCTGCTGCCACCGCTGAGCAATAAGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCA
TCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATTTTTGGCGGATGGCATTTGAGA
AGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCAGCAATAGACATAAGCGGCTATTTAACGACCC
TGCCCTGAACCGACGACCGGGTCGAATTTGCTTTCGAATTTCTGCCATTCATCCGCTTATTATCACTTATTCAGGCG
TAGCACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCCACTCATCGCAGTACTGT
TGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGAACCTGAATCGCCAGCGGCATCAG
CACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTA
AATCAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAG
GCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTCACT
CCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCT
CACCGTCTTTCATTGCCATACGAAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAA
AACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTG
AGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGTGATTT
TTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCA
TTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGT
ATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTATTTATTCGGCGCCTGTAGTGC
CATTTACCCCCATTCACTGCCAGAGCCGTGAGCGCAGCGAACTGAATGTCACGAAAAAGACAGCGACTCAGGTGCCT
GATGGTCGGAGACAAAAGGAATATTCAGCGATTTGCCCGAGCTTGCGAGGGTGCTACTTAAGCCTTTAGGGTTTTAA
GGTCTGTTTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAACTGACTAAAGTAGTGAGTT
ATACACAGGGCTGGGATCTATTCTTTTTATCTTTTTTTATTCTTTCTTTATTCTATAAATTATAACCACTTGAATAT
AAACAAAAAAAACACACAAAGGTCTAGCGGAATTTACAGAGGGTCTAGCAGAATTTACAAGTTTTCCAGCAAAGGTC
TAGCAGAATTTACAGATACCCACAACTCAAAGGAAAAGGACTAGTAATTATCATTGACTAGCCC 
 
>426.lacZYA::PtNTT2(66-575)-T0 CmR  (9925 bp)  
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCG
CTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGT
CGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATG
CTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGG
GCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTT
CTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCG
TTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGT
TGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
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GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGG
GTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTC
AGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC
CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTT
TGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGT
CCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAG
GCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGG
TCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTT
TTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCGCGTGGTGAACCAGGCC
AGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGC
ACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAA
TTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTC
GAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGA
CCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCA
TCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAA
ATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCG
CAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGC
TGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACC
GAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCC
GCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGG
GCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAA
ACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTAACTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTGGTATAATGTGTGGACCTG
TAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGAGGCAGTACTGTTGCACCAACTACACCGTTGGC
AACCGGCGGTGCGCTCCGCAAAGTGCGACAAGCCGTCTTTCCCATCTACGGAAACCAAGAAGTCACCAAATTTCTGC
TCATCGGATCCATTAAATTCTTTATAATCTTGGCACTCACGCTCACGCGTGATACCAAGGACACGTTGATTGTCACG
CAATGTGGTGCCGAAGCGATTGCCTTTCTCAAAATATACGGGGTGCTACCCGCAGCGACCGCATTTATCGCGCTCTA
TTCCAAAATGTCCAACGCCATGGGCAAAAAAATGCTATTTTATTCCACTTGCATTCCTTTCTTTACCTTTTTCGGGC
TGTTTGATGTTTTCATTTACCCGAACGCGGAGCGACTGCACCCTAGTTTGGAAGCCGTGCAGGCAATTCTCCCGGGC
GGTGCCGCATCTGGCGGCATGGCGGTTCTGGCCAAGATTGCGACACACTGGACATCGGCCTTATTTTACGTCATGGC
GGAAATATATTCTTCCGTATCGGTGGGGCTATTGTTTTGGCAGTTTGCGAACGACGTCGTCAACGTGGATCAGGCCA
AGCGCTTTTATCCATTATTTGCTCAAATGAGTGGCCTCGCTCCAGTTTTAGCGGGCCAGTATGTGGTACGGTTTGCC
AGCAAAGCGGTCAACTTTGAGGCATCCATGCATCGACTCACGGCGGCCGTAACATTTGCTGGTATTATGATTTGCAT
CTTTTACCAACTCAGTTCGTCATATGTGGAGCGAACGGAATCAGCAAAGCCAGCGGCAGATAACGAGCAGTCTATCA
AACCGAAAAAGAAGAAACCCAAAATGTCCATGGTTGAATCGGGGAAATTTCTCGCGTCAAGTCAGTACCTGCGTCTA
ATTGCCATGCTGGTGCTGGGATACGGCCTCAGTATTAACTTTACCGAAATCATGTGGAAAAGCTTGGTGAAGAAACA
ATATCCAGACCCGCTAGATTATCAACGATTTATGGGTAACTTCTCGTCAGCGGTTGGTTTGAGCACATGCATTGTTA
TTTTCTTCGGTGTGCACGTGATCCGTTTGTTGGGGTGGAAAGTCGGAGCGTTGGCTACACCTGGGATCATGGCCATT
CTAGCGTTACCCTTTTTTGCTTGCATTTTGTTGGGTTTGGATAGTCCAGCACGATTGGAGATCGCCGTAATCTTTGG
AACAATTCAGAGTTTGCTGAGCAAAACCTCCAAGTATGCCCTTTTCGACCCTACCACACAAATGGCTTATATTCCTC
TGGACGACGAATCAAAGGTCAAAGGAAAAGCGGCAATTGATGTTTTGGGATCGCGGATTGGCAAGAGTGGAGGCTCA
CTGATCCAGCAGGGCTTGGTCTTTGTTTTTGGAAATATCATTAATGCCGCACCTGTAGTAGGGGTTGTCTACTACAG
TGTCCTTGTTGCGTGGATGAGCGCAGCTGGCCGACTAAGTGGGCTTTTTCAAGCACAAACAGAAATGGATAAGGCCG
ACAAAATGGAGGCAAAGACCAACAAAGAAAAGTAGTTAACCTAGGCTGCTGCCACCGCTGAGCAATAAGACTCCTGT
TGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATT
GGTGAGAATTTTTGGCGGATGGCATTTGAGAAGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCA
GCAATAGACATAAGCGGCTATTTAACGACCCTGCCCTGAACCGACGACCGGGTCGAATTTGCTTTCGAATTTCTGCC
ATTCATCCGCTTATTATCACTTATTCAGGCGTAGCACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTA
CGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGG
CATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGGGG
GCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAA
CATATTCTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTA
GAAACTGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAA

5



CAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCCATACGAAATTCCGGATGAGCATTCATCAG
GCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATAT
CCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGG
GATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTC
AAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATT
TTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCC
GTCACAGGACCGCCTGTCTATTTCTCTTACGGTTCCAACATCCATATAGGCCGCAATTTTTATGCAAATTTCAATTT
AACCATTGTCGATGACTACACGGTAACAATCGGTGATAACGTACTGATTGCACCCAACGTTACTCTTTCCGTTACGG
GACACCCTGTACACCATGAATTGAGAAAAAACGGCGAGATGTACTCTTTTCCGATAACGATTGGCAATAACGTCTGG
ATCGGAAGTCATGTGGTTATTAATCCAGGCGTCACCATCGGGGATAATTCTGTTATTGGCGCGGGTAGTATCGTCAC
AAAAGACATTCCACCAAACGTCGTGGCGGCTGGCGTTCCTTGTCGGGTTATTCGCGAAATAAACGACCGGGATAAGC
ACTATTATTTCAAAGATTATAAAGTTGAATCGTCAGTTTAAATTATAAAAATTGCCTGATACGCTGCGCTTATCAGG
CCTACAAGTTCAGCGATCTACATTAGCCGCATCCGGCATGAACAAAGCGCAGGAACAAGCGTCGCATCATGCCTCTT
TGACCCACAGCTGCGGAAAACGTACTGGTGCAAAACGCAGGGTTATGATCATCAGCCCAACGACGCACAGCGCATGA
AATGCCCAGTCCATCAGGTAATTGCCGCTGATACTACGCAGCACGCCAGAAAACCACGGGGCAAGCCCGGCGATGAT
AAAACCGATTCCCTGCATAAACGCCACCAGCTTGCCAGCAATAGCCGGTTGCACAGAGTGATCGAGCGCCAGCAGCA
AACAGAGCGGAAACGCGCCGCCCAGACCTAACCCACACACCATCGCCCACAATACCGGCAATTGCATCGGCAGCCAG
ATAAAGCCGCAGAACCCCACCAGTTGTAACACCAGCGCCAGCATTAACAGTTTGCGCCGATCCTGATGGCGAGCCAT
AGCAGGCATCAGCAAAGCTCCTGCGGCTTGCCCAAGCGTCATCAATGCCAGTAAGGAACCGCTGTACTGCGCGCTGG
CACCAATCGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTT
GCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGC
TCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTG
ATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGT
GGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGAT
TTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAA
TTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAGGGTAATAACTGATATAATTAA
ATTGAAGCTCTAATTTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTTTTTTAGTTTTGCTGGCCGCATCT
TCTCAAATATGCTTCCCAGCCTGCTTTTCTGTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTTTGCAAATAGTC
CTCTTCCAACAATAATAATGTCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACCCAATGCGTCT
CCCTTGTCATCTAAACCCACACCGGGTGTCATAATCAACCAATCGTAACCTTCATCTCTTCCACCCATGTCTCTTTG
AGCAATAAAGCCGATAACAAAATCTTTGTCGCTCTTCGCAATGTCAACAGTACCCTTAGTATATTCTCCAGTAGATA
GGGAGCCCTTGCATGACAATTCTGCTAACATCAAAAGGCCTCTAGGTTCCTTTGTTACTTCTTCTGCCGCCTGCTTC
AAACCGCTAACAATACCTGGGCCCACCACACCGTGTGCATTCGTAATGTCTGCCCATTCTGCTATTCTGTATACACC
CGCAGAGTACTGCAATTTGACTGTATTACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTAAAAAATTGTACTTGG
CGGATAATGCCTTTAGCGGCTTAACTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCACATGTGTTTTTAGTAAA
CAAATTTTGGGACCTAATGCTTCAACTAACTCCAGTAATTCCTTGGTGGTACGAACATCCAATGAAGCACACAAGTT
TGTTTGCTTTTCGTGCATGATATTAAATAGCTTGGCAGCAACAGGACTAGGATGAGTAGCAGCACGTTCCTTATATG
TAGCTTTCGACATGATTTATCTTCGTTTCCTGCAGGTTTTTGTTCTGTGCAGTTGGGTTAAGAATACTGGGCAATTT
CATGTTTCTTCAACACTACATATGCGTATATATACCAATCTAAGTCTGTGCTCCTTCCTTCGTTCTTCCTTCTGTTC
GGAGATTACCGAATCAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAGAATAAAAAAAAAATGATGAATTGAATT
GAAAAGCTGTGGTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCA
ACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAG
CTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTAT
AGGTTAATGTCATGATAATAATGGTTTCTTAGTATGATCCAATATCAAAGGAAATGATAGCATTGAAGGATGAGACT
AATCCAATTGAGGAGTGGCAGCATATAGAACAGCTAAAGGGTAGTGCTGAAGGAAGCATACGATACCCCGCATGGAA
TGGGATAATATCACAGGAGGTACTAGACTACCTTTCATCCTACATAAATAGACGCATATAAGTACGCATTTAAGCAT
AAACACGCACTATGCCGTTCTTCTCATGTATATATATATACAGGCAACACGCAGATATAGGTGCGACGTGAACAGTG
AGCTGTATGTGCGCAGCTCGCGTTGCATTTTCGGAAGCGCTCGTTTTCGGAAACGCTTTGAAGTTCCTATTCCGAAG
TTCCTATTCTCTAGAAAGTATAGGAACTTCAGAGCGCTTTTGAAAACCAAAAGCGCTCTGAAGACGCACTTTCAAAA
AACCAAAAACGCACCGGACTGTAACGAGCTACTAAAATATTGCGAATACCGCTTCCACAAACATTGCTCAAAAGTAT
CTCTTTGCTATATATCTCTGTGCTATATCCCTATATAACCTACCCATCCACCTTTCGCTCCTTGAACTTGCATCTAA
ACTCGACCTCTACATTTTTTATGTTTATCTCTAGTATTACTCTTTAGACAAAAAAATTGTAGTAAGAACTATTCATA
GAGTGAATCGAAAACAATACGAAAATGTAAACATTTCCTATACGTAGTATATAGAGACAAAATAGAAGAAACCGTTC
ATAATTTTCTGACCAATGAAGAATCATCAACGCTATCACTTTCTGTTCACAAAGTATGCGCAATCCACATCGGTATA
GAATATAATCGGGGATGCCTTTATCTTGAAAAAATGCACCCGCAGCTTCGCTAGTAATCAGTAAACGCGGGAAGTGG
AGTCAGGCTTTTTTTATGGAAGAGAAAATAGACACCAAAGTAGCCTTCTTCTAACCTTAACGGACCTACAGTGCAAA
AAGTTATCAAGAGACTGCATTATAGAGCGCACAAAGGAGAAAAAAAGTAATCTAAGATGCTTTGTTAGAAAAATAGC
GCTCTCGGGATGCATTTTTGTAGAACAAAAAAGAAGTATAGATTCTTTGTTGGTAAAATAGCGCTCTCGCGTTGCAT
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TTCTGTTCTGTAAAAATGCAGCTCAGATTCTTTGTTTGAAAAATTAGCGCTCTCGCGTTGCATTTTTGTTTTACAAA
AATGAAGCACAGATTCTTCGTTGGTAAAATAGCGCTTTCGCGTTGCATTTCTGTTCTGTAAAAATGCAGCTCAGATT
CTTTGTTTGAAAAATTAGCGCTCTCGCGTTGCATTTTTGTTCTACAAAATGAAGCACAGATGCTTCGTT 
 
>426.lacZYA::CmR  (8294 bp)  
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCG
CTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGT
CGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATG
CTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGG
GCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTT
CTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCG
TTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGT
TGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGG
GTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTC
AGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC
CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTT
TGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGT
CCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAG
GCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGG
TCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTT
TTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCGCGTGGTGAACCAGGCC
AGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGC
ACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAA
TTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTC
GAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGA
CCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCA
TCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAA
ATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCG
CAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGC
TGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACC
GAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCC
GCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGG
GCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAA
ACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTAATTAACCTAGGCTGCTGCCACCGCTGAGCAATAAGACTCCTGTTGATAGATCCAGTA
ATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATTTTTG
GCGGATGGCATTTGAGAAGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCAGCAATAGACATAAG
CGGCTATTTAACGACCCTGCCCTGAACCGACGACCGGGTCGAATTTGCTTTCGAATTTCTGCCATTCATCCGCTTAT
TATCACTTATTCAGGCGTAGCACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCC
ACTCATCGCAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGAACCTGA
ATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTC
CATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAA
ACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAA
TCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACT
ATCCCATATCACCAGCTCACCGTCTTTCATTGCCATACGAAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGT
GAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTC
TGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGT
GGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAAATACGCCCG
GTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTG
GCCCAGGGCTTCCCGGTATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGACCGCC
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TGTCTATTTCTCTTACGGTTCCAACATCCATATAGGCCGCAATTTTTATGCAAATTTCAATTTAACCATTGTCGATG
ACTACACGGTAACAATCGGTGATAACGTACTGATTGCACCCAACGTTACTCTTTCCGTTACGGGACACCCTGTACAC
CATGAATTGAGAAAAAACGGCGAGATGTACTCTTTTCCGATAACGATTGGCAATAACGTCTGGATCGGAAGTCATGT
GGTTATTAATCCAGGCGTCACCATCGGGGATAATTCTGTTATTGGCGCGGGTAGTATCGTCACAAAAGACATTCCAC
CAAACGTCGTGGCGGCTGGCGTTCCTTGTCGGGTTATTCGCGAAATAAACGACCGGGATAAGCACTATTATTTCAAA
GATTATAAAGTTGAATCGTCAGTTTAAATTATAAAAATTGCCTGATACGCTGCGCTTATCAGGCCTACAAGTTCAGC
GATCTACATTAGCCGCATCCGGCATGAACAAAGCGCAGGAACAAGCGTCGCATCATGCCTCTTTGACCCACAGCTGC
GGAAAACGTACTGGTGCAAAACGCAGGGTTATGATCATCAGCCCAACGACGCACAGCGCATGAAATGCCCAGTCCAT
CAGGTAATTGCCGCTGATACTACGCAGCACGCCAGAAAACCACGGGGCAAGCCCGGCGATGATAAAACCGATTCCCT
GCATAAACGCCACCAGCTTGCCAGCAATAGCCGGTTGCACAGAGTGATCGAGCGCCAGCAGCAAACAGAGCGGAAAC
GCGCCGCCCAGACCTAACCCACACACCATCGCCCACAATACCGGCAATTGCATCGGCAGCCAGATAAAGCCGCAGAA
CCCCACCAGTTGTAACACCAGCGCCAGCATTAACAGTTTGCGCCGATCCTGATGGCGAGCCATAGCAGGCATCAGCA
AAGCTCCTGCGGCTTGCCCAAGCGTCATCAATGCCAGTAAGGAACCGCTGTACTGCGCGCTGGCACCAATCGACGCG
CCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGC
GCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGC
TCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGT
GGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCA
AACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGT
TAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTCCTGATGCGGT
ATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAGGGTAATAACTGATATAATTAAATTGAAGCTCTAAT
TTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTTTTTTAGTTTTGCTGGCCGCATCTTCTCAAATATGCTT
CCCAGCCTGCTTTTCTGTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTTTGCAAATAGTCCTCTTCCAACAATA
ATAATGTCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACCCAATGCGTCTCCCTTGTCATCTAA
ACCCACACCGGGTGTCATAATCAACCAATCGTAACCTTCATCTCTTCCACCCATGTCTCTTTGAGCAATAAAGCCGA
TAACAAAATCTTTGTCGCTCTTCGCAATGTCAACAGTACCCTTAGTATATTCTCCAGTAGATAGGGAGCCCTTGCAT
GACAATTCTGCTAACATCAAAAGGCCTCTAGGTTCCTTTGTTACTTCTTCTGCCGCCTGCTTCAAACCGCTAACAAT
ACCTGGGCCCACCACACCGTGTGCATTCGTAATGTCTGCCCATTCTGCTATTCTGTATACACCCGCAGAGTACTGCA
ATTTGACTGTATTACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTAAAAAATTGTACTTGGCGGATAATGCCTTT
AGCGGCTTAACTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCACATGTGTTTTTAGTAAACAAATTTTGGGACC
TAATGCTTCAACTAACTCCAGTAATTCCTTGGTGGTACGAACATCCAATGAAGCACACAAGTTTGTTTGCTTTTCGT
GCATGATATTAAATAGCTTGGCAGCAACAGGACTAGGATGAGTAGCAGCACGTTCCTTATATGTAGCTTTCGACATG
ATTTATCTTCGTTTCCTGCAGGTTTTTGTTCTGTGCAGTTGGGTTAAGAATACTGGGCAATTTCATGTTTCTTCAAC
ACTACATATGCGTATATATACCAATCTAAGTCTGTGCTCCTTCCTTCGTTCTTCCTTCTGTTCGGAGATTACCGAAT
CAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAGAATAAAAAAAAAATGATGAATTGAATTGAAAAGCTGTGGTA
TGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGC
GCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGA
GGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATG
ATAATAATGGTTTCTTAGTATGATCCAATATCAAAGGAAATGATAGCATTGAAGGATGAGACTAATCCAATTGAGGA
GTGGCAGCATATAGAACAGCTAAAGGGTAGTGCTGAAGGAAGCATACGATACCCCGCATGGAATGGGATAATATCAC
AGGAGGTACTAGACTACCTTTCATCCTACATAAATAGACGCATATAAGTACGCATTTAAGCATAAACACGCACTATG
CCGTTCTTCTCATGTATATATATATACAGGCAACACGCAGATATAGGTGCGACGTGAACAGTGAGCTGTATGTGCGC
AGCTCGCGTTGCATTTTCGGAAGCGCTCGTTTTCGGAAACGCTTTGAAGTTCCTATTCCGAAGTTCCTATTCTCTAG
AAAGTATAGGAACTTCAGAGCGCTTTTGAAAACCAAAAGCGCTCTGAAGACGCACTTTCAAAAAACCAAAAACGCAC
CGGACTGTAACGAGCTACTAAAATATTGCGAATACCGCTTCCACAAACATTGCTCAAAAGTATCTCTTTGCTATATA
TCTCTGTGCTATATCCCTATATAACCTACCCATCCACCTTTCGCTCCTTGAACTTGCATCTAAACTCGACCTCTACA
TTTTTTATGTTTATCTCTAGTATTACTCTTTAGACAAAAAAATTGTAGTAAGAACTATTCATAGAGTGAATCGAAAA
CAATACGAAAATGTAAACATTTCCTATACGTAGTATATAGAGACAAAATAGAAGAAACCGTTCATAATTTTCTGACC
AATGAAGAATCATCAACGCTATCACTTTCTGTTCACAAAGTATGCGCAATCCACATCGGTATAGAATATAATCGGGG
ATGCCTTTATCTTGAAAAAATGCACCCGCAGCTTCGCTAGTAATCAGTAAACGCGGGAAGTGGAGTCAGGCTTTTTT
TATGGAAGAGAAAATAGACACCAAAGTAGCCTTCTTCTAACCTTAACGGACCTACAGTGCAAAAAGTTATCAAGAGA
CTGCATTATAGAGCGCACAAAGGAGAAAAAAAGTAATCTAAGATGCTTTGTTAGAAAAATAGCGCTCTCGGGATGCA
TTTTTGTAGAACAAAAAAGAAGTATAGATTCTTTGTTGGTAAAATAGCGCTCTCGCGTTGCATTTCTGTTCTGTAAA
AATGCAGCTCAGATTCTTTGTTTGAAAAATTAGCGCTCTCGCGTTGCATTTTTGTTTTACAAAAATGAAGCACAGAT
TCTTCGTTGGTAAAATAGCGCTTTCGCGTTGCATTTCTGTTCTGTAAAAATGCAGCTCAGATTCTTTGTTTGAAAAA
TTAGCGCTCTCGCGTTGCATTTTTGTTCTACAAAATGAAGCACAGATGCTTCGTT 
 
>426.lacZYA::PtNTT2(66-575 co)-T0 CmR  (9925 bp)  
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCG
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CTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGT
CGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATG
CTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGG
GCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTT
CTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCG
TTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGT
TGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGG
GTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTC
AGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC
CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTT
TGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGT
CCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAG
GCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGG
TCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTT
TTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCGCGTGGTGAACCAGGCC
AGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGC
ACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAA
TTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTC
GAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGA
CCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCA
TCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAA
ATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCG
CAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGC
TGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACC
GAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCC
GCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGG
GCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAA
ACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTAACTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTGGTATAATGTGTGGACCTG
TAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGTGGTAGCACCGTTGCACCGACCACACCGCTGGC
AACCGGTGGTGCACTGCGTAAAGTTCGTCAGGCAGTTTTTCCGATTTATGGCAATCAAGAAGTGACCAAATTTCTGC
TGATTGGCAGCATCAAATTCTTTATTATCCTGGCACTGACCCTGACCCGTGATACCAAAGATACCCTGATTGTTACC
CAGTGTGGTGCAGAAGCAATTGCATTTCTGAAAATCTATGGTGTTCTGCCTGCAGCAACCGCATTTATTGCACTGTA
TAGCAAAATGAGCAACGCAATGGGCAAAAAAATGCTGTTTTATAGCACCTGTATCCCGTTCTTTACCTTTTTTGGTC
TGTTCGATGTGTTCATTTATCCGAATGCCGAACGTCTGCATCCGAGCCTGGAAGCAGTTCAGGCAATTCTGCCTGGT
GGTGCCGCAAGCGGTGGTATGGCAGTTCTGGCAAAAATTGCAACCCATTGGACCAGCGCACTGTTTTATGTTATGGC
AGAAATCTATAGCAGCGTTAGCGTTGGTCTGCTGTTTTGGCAGTTTGCAAATGATGTTGTTAATGTGGATCAGGCCA
AACGTTTTTATCCGCTGTTTGCACAGATGAGCGGTCTGGCACCGGTTCTGGCAGGTCAGTATGTTGTTCGTTTTGCA
AGCAAAGCCGTTAATTTTGAAGCAAGCATGCATCGTCTGACCGCAGCAGTTACCTTTGCAGGTATTATGATCTGCAT
CTTTTATCAGCTGAGCAGCTCATATGTTGAACGTACCGAAAGCGCAAAACCGGCAGCAGATAATGAACAGAGCATTA
AACCGAAGAAAAAAAAACCGAAAATGTCGATGGTGGAAAGCGGTAAATTTCTGGCAAGCAGCCAGTATCTGCGTCTG
ATTGCAATGCTGGTTCTGGGTTATGGTCTGAGCATTAACTTTACCGAAATCATGTGGAAAAGCCTGGTGAAAAAACA
GTATCCGGATCCGCTGGATTATCAGCGTTTTATGGGTAATTTTAGCAGCGCAGTTGGTCTGAGTACCTGCATTGTTA
TCTTTTTTGGCGTGCATGTTATTCGTCTGCTGGGTTGGAAAGTTGGTGCCCTGGCAACACCGGGTATTATGGCCATT
CTGGCACTGCCGTTTTTTGCATGTATTCTGCTGGGCCTGGATAGTCCGGCACGTCTGGAAATTGCAGTTATTTTTGG
CACCATTCAGAGCCTGCTGAGCAAAACCAGCAAATATGCACTGTTTGATCCGACCACCCAGATGGCATATATCCCGC
TGGATGATGAAAGCAAAGTTAAAGGCAAAGCAGCCATTGATGTTCTGGGTAGCCGTATTGGTAAATCAGGTGGTAGC
CTGATTCAGCAGGGTCTGGTTTTTGTTTTTGGCAATATTATCAATGCCGCACCGGTTGTTGGTGTTGTGTATTATAG
CGTTCTGGTTGCATGGATGAGTGCAGCAGGTCGTCTGAGTGGTCTGTTTCAGGCACAGACCGAAATGGATAAAGCAG
ATAAAATGGAAGCCAAAACCAACAAAGAAAAATGATTAACCTAGGCTGCTGCCACCGCTGAGCAATAAGACTCCTGT
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TGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATT
GGTGAGAATTTTTGGCGGATGGCATTTGAGAAGCACACGGTCACACTGCTTCCGGTAGTCAATAAACCGGTAAACCA
GCAATAGACATAAGCGGCTATTTAACGACCCTGCCCTGAACCGACGACCGGGTCGAATTTGCTTTCGAATTTCTGCC
ATTCATCCGCTTATTATCACTTATTCAGGCGTAGCACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTA
CGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGG
CATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAACGGGG
GCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAA
CATATTCTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTA
GAAACTGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAA
CAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCCATACGAAATTCCGGATGAGCATTCATCAG
GCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATAT
CCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGG
GATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTC
AAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATT
TTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCC
GTCACAGGACCGCCTGTCTATTTCTCTTACGGTTCCAACATCCATATAGGCCGCAATTTTTATGCAAATTTCAATTT
AACCATTGTCGATGACTACACGGTAACAATCGGTGATAACGTACTGATTGCACCCAACGTTACTCTTTCCGTTACGG
GACACCCTGTACACCATGAATTGAGAAAAAACGGCGAGATGTACTCTTTTCCGATAACGATTGGCAATAACGTCTGG
ATCGGAAGTCATGTGGTTATTAATCCAGGCGTCACCATCGGGGATAATTCTGTTATTGGCGCGGGTAGTATCGTCAC
AAAAGACATTCCACCAAACGTCGTGGCGGCTGGCGTTCCTTGTCGGGTTATTCGCGAAATAAACGACCGGGATAAGC
ACTATTATTTCAAAGATTATAAAGTTGAATCGTCAGTTTAAATTATAAAAATTGCCTGATACGCTGCGCTTATCAGG
CCTACAAGTTCAGCGATCTACATTAGCCGCATCCGGCATGAACAAAGCGCAGGAACAAGCGTCGCATCATGCCTCTT
TGACCCACAGCTGCGGAAAACGTACTGGTGCAAAACGCAGGGTTATGATCATCAGCCCAACGACGCACAGCGCATGA
AATGCCCAGTCCATCAGGTAATTGCCGCTGATACTACGCAGCACGCCAGAAAACCACGGGGCAAGCCCGGCGATGAT
AAAACCGATTCCCTGCATAAACGCCACCAGCTTGCCAGCAATAGCCGGTTGCACAGAGTGATCGAGCGCCAGCAGCA
AACAGAGCGGAAACGCGCCGCCCAGACCTAACCCACACACCATCGCCCACAATACCGGCAATTGCATCGGCAGCCAG
ATAAAGCCGCAGAACCCCACCAGTTGTAACACCAGCGCCAGCATTAACAGTTTGCGCCGATCCTGATGGCGAGCCAT
AGCAGGCATCAGCAAAGCTCCTGCGGCTTGCCCAAGCGTCATCAATGCCAGTAAGGAACCGCTGTACTGCGCGCTGG
CACCAATCGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTT
GCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGC
TCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTG
ATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGT
GGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGAT
TTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAA
TTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAGGGTAATAACTGATATAATTAA
ATTGAAGCTCTAATTTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTTTTTTAGTTTTGCTGGCCGCATCT
TCTCAAATATGCTTCCCAGCCTGCTTTTCTGTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTTTGCAAATAGTC
CTCTTCCAACAATAATAATGTCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACCCAATGCGTCT
CCCTTGTCATCTAAACCCACACCGGGTGTCATAATCAACCAATCGTAACCTTCATCTCTTCCACCCATGTCTCTTTG
AGCAATAAAGCCGATAACAAAATCTTTGTCGCTCTTCGCAATGTCAACAGTACCCTTAGTATATTCTCCAGTAGATA
GGGAGCCCTTGCATGACAATTCTGCTAACATCAAAAGGCCTCTAGGTTCCTTTGTTACTTCTTCTGCCGCCTGCTTC
AAACCGCTAACAATACCTGGGCCCACCACACCGTGTGCATTCGTAATGTCTGCCCATTCTGCTATTCTGTATACACC
CGCAGAGTACTGCAATTTGACTGTATTACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTAAAAAATTGTACTTGG
CGGATAATGCCTTTAGCGGCTTAACTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCACATGTGTTTTTAGTAAA
CAAATTTTGGGACCTAATGCTTCAACTAACTCCAGTAATTCCTTGGTGGTACGAACATCCAATGAAGCACACAAGTT
TGTTTGCTTTTCGTGCATGATATTAAATAGCTTGGCAGCAACAGGACTAGGATGAGTAGCAGCACGTTCCTTATATG
TAGCTTTCGACATGATTTATCTTCGTTTCCTGCAGGTTTTTGTTCTGTGCAGTTGGGTTAAGAATACTGGGCAATTT
CATGTTTCTTCAACACTACATATGCGTATATATACCAATCTAAGTCTGTGCTCCTTCCTTCGTTCTTCCTTCTGTTC
GGAGATTACCGAATCAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAGAATAAAAAAAAAATGATGAATTGAATT
GAAAAGCTGTGGTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCA
ACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAG
CTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTAT
AGGTTAATGTCATGATAATAATGGTTTCTTAGTATGATCCAATATCAAAGGAAATGATAGCATTGAAGGATGAGACT
AATCCAATTGAGGAGTGGCAGCATATAGAACAGCTAAAGGGTAGTGCTGAAGGAAGCATACGATACCCCGCATGGAA
TGGGATAATATCACAGGAGGTACTAGACTACCTTTCATCCTACATAAATAGACGCATATAAGTACGCATTTAAGCAT
AAACACGCACTATGCCGTTCTTCTCATGTATATATATATACAGGCAACACGCAGATATAGGTGCGACGTGAACAGTG
AGCTGTATGTGCGCAGCTCGCGTTGCATTTTCGGAAGCGCTCGTTTTCGGAAACGCTTTGAAGTTCCTATTCCGAAG
TTCCTATTCTCTAGAAAGTATAGGAACTTCAGAGCGCTTTTGAAAACCAAAAGCGCTCTGAAGACGCACTTTCAAAA
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AACCAAAAACGCACCGGACTGTAACGAGCTACTAAAATATTGCGAATACCGCTTCCACAAACATTGCTCAAAAGTAT
CTCTTTGCTATATATCTCTGTGCTATATCCCTATATAACCTACCCATCCACCTTTCGCTCCTTGAACTTGCATCTAA
ACTCGACCTCTACATTTTTTATGTTTATCTCTAGTATTACTCTTTAGACAAAAAAATTGTAGTAAGAACTATTCATA
GAGTGAATCGAAAACAATACGAAAATGTAAACATTTCCTATACGTAGTATATAGAGACAAAATAGAAGAAACCGTTC
ATAATTTTCTGACCAATGAAGAATCATCAACGCTATCACTTTCTGTTCACAAAGTATGCGCAATCCACATCGGTATA
GAATATAATCGGGGATGCCTTTATCTTGAAAAAATGCACCCGCAGCTTCGCTAGTAATCAGTAAACGCGGGAAGTGG
AGTCAGGCTTTTTTTATGGAAGAGAAAATAGACACCAAAGTAGCCTTCTTCTAACCTTAACGGACCTACAGTGCAAA
AAGTTATCAAGAGACTGCATTATAGAGCGCACAAAGGAGAAAAAAAGTAATCTAAGATGCTTTGTTAGAAAAATAGC
GCTCTCGGGATGCATTTTTGTAGAACAAAAAAGAAGTATAGATTCTTTGTTGGTAAAATAGCGCTCTCGCGTTGCAT
TTCTGTTCTGTAAAAATGCAGCTCAGATTCTTTGTTTGAAAAATTAGCGCTCTCGCGTTGCATTTTTGTTTTACAAA
AATGAAGCACAGATTCTTCGTTGGTAAAATAGCGCTTTCGCGTTGCATTTCTGTTCTGTAAAAATGCAGCTCAGATT
CTTTGTTTGAAAAATTAGCGCTCTCGCGTTGCATTTTTGTTCTACAAAATGAAGCACAGATGCTTCGTT 
 
>pKIKO.arsB::PlacO-Cas9 KanR  (8594 bp)  
GGAGGATATTCATATGGACCATGGCTAATTCCCATGTCAGCCGTTAAGTGTTCCTGTGTCACTGAAAATTGCTTTGA
GAGGCTCTAAGGGCTTCTCAGTGCGTTACATCCCTGGCTTGTTGTCCACAACCGTTAAACCTTAAAAGCTTTAAAAG
CCTTATATATTCTTTTTTTTCTTATAAAACTTAAAACCTTAGAGGCTATTTAAGTTGCTGATTTATATTAATTTTAT
TGTTCAAACATGAGAGCTTAGTACGTGAAACATGAGAGCTTAGTACGTTAGCCATGAGAGCTTAGTACGTTAGCCAT
GAGGGTTTAGTTCGTTAAACATGAGAGCTTAGTACGTTAAACATGAGAGCTTAGTACGTGAAACATGAGAGCTTAGT
ACGTACTATCAACAGGTTGAACTGCGGATCTTGCGGCCGCAAAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA
TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCA
GAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCA
GTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC
CTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCG
ACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTG
GAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA
CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGG
GTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCC
CGAAAAGTGCCACCTGCATCCAGAAACGTCCCAAATCGCAGCCAATCACATTGGCATAAACCATCGCTTCTTTGATA
ACGCCAGATGCCGTGCTGCCATCAATGGACAACGCGCCAACCAGTACCGTCGGCATATTGTTCATAATAGAAGAGAG
GAAGGCGGTGAGGAATCCGGTGCCGAGCGTCGCGGCCCACAGGCCGTTATCCGCCAGCACGTTGAGTACGCCAGAAA
GATATTCCGTTAATCCGGCATTGCGCAGGCCATAAACCACCAGATACATGCCGAGCGAGAAGATGACAATCTGCCAG
GGGGCACCGCGCAGGACTTTACCCGTATTAATCGCATGACCGCGTTTAGCGACGACAAATAATATCAGCGCGCCCAC
AGCTGCAATGGCGCTCACCGGAATGCCGAGCGGTTCCAGGACGAAAAATCCCACCAGCAGAAGCAGTAAAACAACCC
AGCCAGTTTTGAACGTAGCAGGATCTTTGATCGCTTCTGCGGGAGATTTCAGCAGCGCCATATCGTAGTTCTGCGGA
ATATCTTTGCGAAAATAGAGATGTAACATCACCAGCGTGGCAACAATCGCGGCGATAAACAAAAAAAACCCCGCTTC
GGCGGGGTTTTTTTTAATCGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATA
GGAACTTCAAGATCCCCTCACGCTGCCGCAAGCACTCAGGGCGCAAGGGCTGCTAAAGGAAGCGGAACACGTAGAAA
GCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGCTACTGGGCTATCTGGACAAGGGAAAACGCAAGCGC
AAAGAGAAAGCAGGTAGCTTGCAGTGGGCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAAC
CGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAAAGTAAACTGGATGGCTTTCTTGCCGCCA
AGGATCTGATGGCGCAGGGGATCAAGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGG
ATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCT
CTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTG
AATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGT
TGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC
CTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGAC
CACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGA
AGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCG
TGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGG
CTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGC
TGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGT
TCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCA
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CCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGAT
CTCATGCTGGAGTTCTTCGCCCACCCCAGCTTCAAAAGCGCTCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTT
CGGAATAGGAACTAAGGAGGATATTCATATAGACCATGATTGCATGCGGTACCGAGCTCGGATCCACTAGGTCTAGG
GCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTTCGACTGA
GCCTTTCGTTTTATTTGATGCCTCTAGATTACACCTTCCTCTTCTTCTTGGGGTCAGCCCTGCTGTCTCCACCGAGC
TGAGAGAGGTCGATTCTTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGACCTCCTTTGT
AGAGGTGTACCGCTTTCTGTCTATGGTGGTGTCGAAGTACTTGAAGGCTGCAGGCGCGCCCAAGTTGGTCAGAGTAA
ACAAGTGGATAATGTTTTCTGCCTGCTCCCTGATGGGCTTATCCCTGTGCTTATTGTAAGCAGAAAGCACCTTATCG
AGGTTAGCGTCGGCGAGGATCACTCTTTTGGAGAATTCGCTTATTTGCTCGATGATCTCATCAAGGTAGTGTTTGTG
TTGTTCCACGAACAGCTGCTTCTGCTCATTATCTTCGGGAGACCCTTTGAGCTTTTCATAGTGGCTGGCCAGATACA
AGAAATTAACGTATTTAGAGGGCAGTGCCAGCTCGTTACCTTTCTGCAGCTCGCCCGCACTAGCGAGCATTCGTTTC
CGGCCGTTTTCAAGCTCAAAGAGAGAGTACTTGGGAAGCTTAATGATGAGGTCTTTTTTGACCTCTTTATATCCTTT
CGCCTCGAGAAAGTCGATGGGGTTTTTTTCGAAGCTTGATCGCTCCATGATTGTGATGCCCAGCAGTTCCTTGACGC
TTTTGAGTTTTTTAGACTTCCCTTTCTCCACTTTGGCCACAACCAGTACACTGTAAGCGACTGTAGGAGAATCGAAT
CCGCCGTATTTCTTGGGGTCCCAATCTTTTTTGCGTGCGATCAGCTTGTCGCTGTTCCTTTTCGGGAGGATACTTTC
CTTGGAGAAGCCTCCGGTCTGTACTTCGGTCTTTTTAACGATGTTCACCTGCGGCATGGACAGGACCTTCCGGACTG
TCGCGAAATCCCTACCCTTGTCCCACACGATTTCTCCTGTTTCTCCGTTTGTTTCGATAAGTGGTCGCTTCCGAATC
TCTCCATTGGCCAGTGTAATCTCGGTCTTGAAAAAATTCATAATATTGCTGTAAAAGAAGTACTTAGCGGTGGCCTT
GCCTATTTCCTGCTCAGACTTTGCGATCATTTTCCTAACATCGTACACTTTATAGTCTCCGTAAACAAATTCAGATT
CAAGCTTGGGATATTTTTTGATAAGTGCAGTGCCTACCACTGCATTCAGGTAGGCATCATGCGCATGGTGGTAATTG
TTGATCTCTCTCACCTTATAAAACTGAAAGTCCTTTCTGAAATCTGAGACCAGCTTAGACTTCAGAGTAATAACTTT
CACCTCTCGAATCAGTTTGTCATTTTCATCGTACTTGGTGTTCATGCGTGAATCGAGAATTTGGGCCACGTGCTTGG
TGATCTGGCGTGTCTCAACAAGCTGCCTTTTGATGAAGCCGGCTTTATCCAACTCAGACAGGCCACCTCGTTCAGCC
TTAGTCAGATTATCGAACTTCCGTTGTGTGATCAGTTTGGCGTTCAGCAGCTGCCGCCAATAATTTTTCATTTTCTT
GACAACTTCTTCTGAGGGGACGTTATCACTCTTCCCTCTATTTTTATCGGATCTTGTCAACACTTTATTATCAATAG
AATCATCTTTGAGAAAAGACTGGGGCACGATATGATCCACGTCGTAGTCGGAGAGCCGATTGATGTCCAGTTCCTGA
TCCACGTACATGTCCCTGCCGTTCTGCAGGTAGTACAGGTAGAGCTTCTCATTCTGAAGCTGGGTGTTTTCAACTGG
GTGTTCCTTAAGGATTTGGGACCCCAGTTCTTTTATACCCTCTTCAATCCTCTTCATCCTTTCCCTACTGTTCTTCT
GTCCCTTCTGGGTAGTTTGGTTCTCTCGGGCCATCTCGATAACGATATTCTCGGGCTTATGCCTTCCCATTACTTTG
ACGAGTTCATCCACGACCTTAACGGTCTGCAGTATTCCCTTTTTGATAGCTGGGCTACCTGCAAGATTAGCGATGTG
CTCGTGAAGACTGTCCCCCTGGCCAGAAACTTGTGCTTTCTGGATGTCCTCCTTAAAGGTGAGAGAGTCATCATGGA
TCAACTGCATGAAGTTCCGGTTGGCAAATCCATCGGACTTAAGAAAATCCAGGATTGTCTTTCCACTCTGCTTGTCT
CGGATCCCATTGATCAGTTTTCTTGACAGCCGCCCCCATCCTGTATATCGGCGCCTCTTGAGCTGTTTCATGACTTT
GTCGTCGAAGAGATGAGCGTAAGTTTTCAAGCGTTCTTCAATCATCTCCCTATCTTCAAACAACGTAAGGGTGAGGA
CAATGTCCTCAAGAATGTCCTCGTTCTCCTCATTGTCCAGGAAGTCCTTGTCTTTAATGATTTTCAGGAGATCGTGA
TACGTTCCCAGGGATGCGTTGAAGCGATCCTCCACTCCGCTGATTTCAACAGAGTCGAAACATTCAATCTTTTTGAA
ATAGTCTTCTTTGAGCTGTTTCACGGTAACTTTCCGGTTCGTCTTGAAGAGGAGGTCCACGATAGCTTTCTTCTGCT
CTCCAGACAGGAATGCTGGCTTTCTCATCCCTTCTGTGACGTATTTGACCTTGGTGAGCTCGTTATAAACTGTGAAG
TACTCGTACAGCAGAGAGTGTTTAGGAAGCACCTTTTCGTTAGGCAGATTTTTATCAAAGTTAGTCATCCTTTCGAT
GAAGGACTGGGCAGAGGCCCCCTTATCCACGACTTCCTCGAAGTTCCAGGGAGTGATGGTCTCTTCTGATTTGCGAG
TCATCCACGCGAATCTGGAATTTCCCCGGGCGAGGGGGCCTACATAGTAGGGTATCCGAAATGTGAGGATTTTCTCA
ATCTTTTCCCTGTTATCTTTCAAAAAGGGGTAGAAATCCTCTTGCCGCCTGAGGATAGCGTGCAGTTCGCCCAGGTG
AATCTGGTGGGGGATGCTTCCATTGTCGAAAGTGCGCTGTTTGCGCAACAGATCTTCTCTGTTAAGCTTTACCAGCA
GCTCCTCGGTGCCGTCCATTTTTTCCAAGATGGGCTTAATAAATTTGTAAAATTCCTCCTGGCTTGCTCCGCCGTCA
ATGTATCCGGCGTAGCCATTTTTAGACTGATCGAAGAAAATTTCCTTGTACTTCTCAGGCAGTTGCTGTCTGACAAG
GGCCTTCAGCAAAGTCAAGTCTTGGTGGTGCTCATCATAGCGCTTGATCATACTAGCGCTCAGCGGAGCTTTGGTGA
TCTCCGTGTTCACTCGCAGAATATCACTCAGCAGAATGGCGTCTGACAGGTTCTTTGCCGCCAAAAAAAGGTCTGCG
TACTGGTCGCCGATCTGGGCCAGCAGATTGTCGAGATCATCATCGTAGGTGTCTTTGCTCAGTTGAAGCTTGGCATC
TTCGGCCAGGTCGAAGTTAGATTTAAAGTTGGGGGTCAGCCCGAGTGACAGGGCGATAAGATTACCAAACAGGCCGT
TCTTCTTCTCCCCAGGGAGCTGTGCGATGAGGTTTTCGAGCCGCCGGGATTTGGACAGCCTAGCGCTCAGGATTGCT
TTGGCGTCAACTCCGGATGCGTTGATCGGGTTCTCTTCGAAAAGCTGATTGTAAGTCTGAACCAGTTGGATAAAGAG
TTTGTCGACATCGCTGTTGTCTGGGTTCAGGTCCCCCTCGATGAGGAAGTGTCCCCGAAATTTGATCATATGCGCCA
GCGCGAGATAGATCAACCGCAAGTCAGCCTTATCAGTACTGTCTACAAGCTTCTTCCTCAGATGATATATGGTTGGG
TACTTTTCATGGTACGCCACCTCGTCCACGATATTGCCAAAGATTGGGTGGCGCTCGTGCTTTTTATCCTCCTCCAC
CAAAAAGGACTCCTCCAGCCTATGGAAGAAAGAGTCATCCACCTTAGCCATCTCATTACTAAAGATCTCCTGCAGGT
AGCAGATCCGATTCTTTCTGCGGGTATATCTGCGCCGTGCTGTTCTTTTGAGCCGCGTGGCTTCGGCGGTTTCCCCG
GAGTCGAACAGGAGGGCGCCAATGAGGTTCTTCTTTATGCTGTGGCGATCGGTATTGCCCAGAACTTTGAATTTTTT
GCTCGGCACCTTGTACTCGTCCGTAATGACGGCCCAGCCGACGCTGTTTGTGCCGATATCGAGCCCAATGGAGTACT
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TCTTGTCCATGGGTACCTTTCTCCTCTTTAATGAATTCTGTGTGAAATTGTTATCCGCTCACAATTGAATCTATCAT
AATTGTGAGCGCTCACAATTGTAAAGGTTAGATCTAAAACTAGTAGAGGATAAAACATATGGAATTCCTGCAGTGCG
CAGTCGACGCGCAAAAAACCCCGCCCCTGACAGGGCGGGGTTTTTTCGCTGTTTATCCACCGGCACCATCACCGAGG
CGTATTCGCGAAAGCCGAGGCCAAAGAAATCAGCGGAAACGATATTCACCAGGTTGGAGACAATAAGCGGCAGGCTG
GCGGTATCGGCAATGAATCCGGCCGCCATCACGAACGCCAGCGTAGTGCCTTTACTGAACCCTAAAGCCAGCAGCAT
GGCGATGACAATCGGTGTCAAAATAAGCGCCGCGCCATCATTGGCAAACAGGGCGGCAACGGCAGCACCGAGCAGGA
CAATCCAGGTAAACAGCAAGCGACCACGACCATTACCCCAGCGTGAGACGTGCAGCGCCGCCCATTCAAAAAAGCCG
GACTCATCCAGCAGCAGGCTGATGATAATGACGGCGATAAACGCAGCCGTCGCGTTCCAGACGATATTCCACACCAC
CGGAATATCACCCGGATGGACCACGCCCGTAACTAACGCCAGTACTGCGCCGAGCGTTGCACTCCAGCCGATGCCTA
AACCTTTCGGCTGCCAGATAACCAATACGATGGTCAGGACGTTTCTG 
 
>pUCX1 GG destination plasmid  (3174 bp)  
AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATC
CCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAA
TGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCA
TTAGGCACCCCAGAGACCATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGA
GTTCTGAGGTCATTACTGGATCTATCAACAGGAGTCCAAGCGAGCTCTCAGTCCTGCTCCTCGGCCACGAAGTGCAC
GCAGTTGCCGGCCGGGTCGCGCAGGGCGAACTCCCGCCCCCACGGCTGCTCGCCGATCTCGGTCATGGCCGGCCCGG
AGGCGTCCCGGAAGTTCGTGGACACGACCTCCGACCACTCGGCGTACAGCTCGTCCAGGCCGCGCACCCACACCCAG
GCCAGGGTGTTGTCCGGCACCACCTGGTCCTGGACCGCGCTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGC
GAAGTCGTCCTCCACGAAGTCCCGGGAGAACCCGAGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCG
CGGTGAGCACCGGAACGGCACTGGTCAACTTGGCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGATA
TACTATGCCGATGATTAATTGTCAACGACGGGTCTCCTATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCG
ACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGG
CGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATC
GCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGT
ATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCC
AACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGA
GCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTA
TAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTAT
TTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATT
GAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACT
GGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTC
TGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAAT
GACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGC
CATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTT
TGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAG
CGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTC
CCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCT
GGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGCTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAG
CCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGAT
AGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTC
ATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCG
TTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTG
CTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAAC
TCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCT
TACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGC
CCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAA
GGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGG
GGCGGAGCCTATGGAAA 
 
>pUCX2 GG destination plasmid  (3174 bp)  
AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATC
CCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
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GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAA
TGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAAGTTAGCTCACTCA
TTAGGCACCCCACTATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCG
AGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGC
AGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCC
TGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACT
CTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACG
GGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCAC
CGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATG
GTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTC
AAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTC
AACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTG
AAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCT
TGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCC
GTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTC
ACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGC
GGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAA
CTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCA
ATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGAT
GGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAG
CCGGTGAGCGTGGCTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTAC
ACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTG
GTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGG
TGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTGAGACCATTCTCACCAATAAAA
AACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGATCTATCAACAGGAG
TCCAAGCGAGCTCTCAGTCCTGCTCCTCGGCCACGAAGTGCACGCAGTTGCCGGCCGGGTCGCGCAGGGCGAACTCC
CGCCCCCACGGCTGCTCGCCGATCTCGGTCATGGCCGGCCCGGAGGCGTCCCGGAAGTTCGTGGACACGACCTCCGA
CCACTCGGCGTACAGCTCGTCCAGGCCGCGCACCCACACCCAGGCCAGGGTGTTGTCCGGCACCACCTGGTCCTGGA
CCGCGCTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGCGAAGTCGTCCTCCACGAAGTCCCGGGAGAACCCG
AGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCGCGGTGAGCACCGGAACGGCACTGGTCAACTTGGC
CATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGATATACTATGCCGATGATTAATTGTCAACGACGGGTC
TCCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTG
CTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAAC
TCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCT
TACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGC
CCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAA
GGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGG
GGCGGAGCCTATGGAAA 
 
>pBRX2 GG destination plasmid  (3501 bp)  
AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATC
CCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACAC
CGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGT
GACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATC
CGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGA
GGCAGCTGCGGTAAAGCTCATCAGCGTGGTCGTGAAGCGATTCACAGATGTCTGCCTGTTCATCCGCGTCCAGCTCG
TTGAGTTTCTCCAGAAGCGTTAATGTCTGGCTTCTGATAAAGCGGGCCATGTTAAGGGCGGTTTTTTCCTGTTTGGT
CACTGATGCCTCCGTGTAAGGGGGATTTCTGTTCATGGGGGTAATGATACCGATGAAACGAGAGAGGATGCTCACGA
TACGGGTTACTGATGATGAACATGCCCGGTTACTGGAACGTTGTGAGGGTAAACAACTGGCGGTATGGATGCGGCGG
GACCAGAGAAAAATCACTCAGGGTCAATGCCAGCGCTTCGTTAATACAGATGTAGGTGTTCCACAGGGTAGCCAGCA
GCATCCTGCGATGCAGATCCGGAACATAATGGTGCAGGGCGCTGACTTCCGCGTTTCCAGACTTTACGAAACACGGA
AACCGAAGACCATTCATGTTGTTGCTCAGGTCGCAGACGTTTTGCAGCAGCAGTCGCTTCACGTTCGCTCGCGTATC
GGTGATTCATTCTGCTAACCAGTAAGGCAACCCCGCCAGCCTAGCCGGGTCCTCAACGACAGGAGCACGATCATGCG
CACCCGTGGCCAGGACCCAACGCTGCCCGAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGT
TAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTT
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TATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAA
AGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGC
TCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATC
TCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTA
TGTGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAA
CCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCAC
AACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGA
CACCACGATGCCTGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGC
AACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTT
ATTGCTGATAAATCTGGAGCCGGTGAGCGTGGCTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTC
CCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTG
CCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTT
TAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTGAG
ACCATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTA
CTGGATCTATCAACAGGAGTCCAAGCGAGCTCTCAGTCCTGCTCCTCGGCCACGAAGTGCACGCAGTTGCCGGCCGG
GTCGCGCAGGGCGAACTCCCGCCCCCACGGCTGCTCGCCGATCTCGGTCATGGCCGGCCCGGAGGCGTCCCGGAAGT
TCGTGGACACGACCTCCGACCACTCGGCGTACAGCTCGTCCAGGCCGCGCACCCACACCCAGGCCAGGGTGTTGTCC
GGCACCACCTGGTCCTGGACCGCGCTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGCGAAGTCGTCCTCCAC
GAAGTCCCGGGAGAACCCGAGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCGCGGTGAGCACCGGAA
CGGCACTGGTCAACTTGGCCATGGTTTAGTTCCTCACCTTGTCGTATTATACTATGCCGATATACTATGCCGATGAT
TAATTGTCAACGACGGGTCTCCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTT
TTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTA
CCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTT
AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCA
GTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACG
GGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGA
AAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA
GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTT
TTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAA 
 
>pUCX2-TK1  (2686 bp)  
AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATC
CCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCA
GCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAA
TGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCA
TTAGGCACCCCACTATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCG
AGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGC
AGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCC
TGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACT
CTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACG
GGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCAC
CGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATG
GTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTC
AAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTC
AACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTG
AAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCT
TGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCC
GTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTC
ACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGC
GGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAA
CTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCA
ATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGAT
GGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAG
CCGGTGAGCGTGGCTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTAC
ACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTG
GTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGG
TGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTGGCTTTACACTTTATGCTTCCG
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GCTCGTATGTTGTGTGGAANTGTGAGCGGATAACAATTTCACACAGGAAACAGCCACTGAGCGTCAGACCCCGTAGA
AAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTAC
CAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATA
CCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGC
TCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGT
TACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACC
GAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGT
AAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG
GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAA 
 
>pCas9-Multi GG destination plasmid  (6238 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGTCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTT
TCGACTGAGCCTTTCGTTTTATTTGATGCCTCTAGATTACACCTTCCTCTTCTTCTTGGGGTCAGCCCTGCTGTCTC
CACCGAGCTGAGAGAGGTCGATTCTTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGACC
TCCTTTGTAGAGGTGTACCGCTTTCTGTCTATGGTGGTGTCGAAGTACTTGAAGGCTGCAGGCGCGCCCAAGTTGGT
CAGAGTAAACAAGTGGATAATGTTTTCTGCCTGCTCCCTGATGGGCTTATCCCTGTGCTTATTGTAAGCAGAAAGCA
CCTTATCGAGGTTAGCGTCGGCGAGGATCACTCTTTTGGAGAATTCGCTTATTTGCTCGATGATCTCATCAAGGTAG
TGTTTGTGTTGTTCCACGAACAGCTGCTTCTGCTCATTATCTTCGGGAGACCCTTTGAGCTTTTCATAGTGGCTGGC
CAGATACAAGAAATTAACGTATTTAGAGGGCAGTGCCAGCTCGTTACCTTTCTGCAGCTCGCCCGCACTAGCGAGCA
TTCGTTTCCGGCCGTTTTCAAGCTCAAAGAGAGAGTACTTGGGAAGCTTAATGATGAGGTCTTTTTTGACCTCTTTA
TATCCTTTCGCCTCGAGAAAGTCGATGGGGTTTTTTTCGAAGCTTGATCGCTCCATGATTGTGATGCCCAGCAGTTC
CTTGACGCTTTTGAGTTTTTTAGACTTCCCTTTCTCCACTTTGGCCACAACCAGTACACTGTAAGCGACTGTAGGAG
AATCGAATCCGCCGTATTTCTTGGGGTCCCAATCTTTTTTGCGTGCGATCAGCTTGTCGCTGTTCCTTTTCGGGAGG
ATACTTTCCTTGGAGAAGCCTCCGGTCTGTACTTCGGTCTTTTTAACGATGTTCACCTGCGGCATGGACAGGACCTT
CCGGACTGTCGCGAAATCCCTACCCTTGTCCCACACGATTTCTCCTGTTTCTCCGTTTGTTTCGATAAGTGGTCGCT
TCCGAATCTCTCCATTGGCCAGTGTAATCTCGGTCTTGAAAAAATTCATAATATTGCTGTAAAAGAAGTACTTAGCG
GTGGCCTTGCCTATTTCCTGCTCAGACTTTGCGATCATTTTCCTAACATCGTACACTTTATAGTCTCCGTAAACAAA
TTCAGATTCAAGCTTGGGATATTTTTTGATAAGTGCAGTGCCTACCACTGCATTCAGGTAGGCATCATGCGCATGGT
GGTAATTGTTGATCTCTCTCACCTTATAAAACTGAAAGTCCTTTCTGAAATCTGAGACCAGCTTAGACTTCAGAGTA
ATAACTTTCACCTCTCGAATCAGTTTGTCATTTTCATCGTACTTGGTGTTCATGCGTGAATCGAGAATTTGGGCCAC
GTGCTTGGTGATCTGGCGTGTCTCAACAAGCTGCCTTTTGATGAAGCCGGCTTTATCCAACTCAGACAGGCCACCTC
GTTCAGCCTTAGTCAGATTATCGAACTTCCGTTGTGTGATCAGTTTGGCGTTCAGCAGCTGCCGCCAATAATTTTTC
ATTTTCTTGACAACTTCTTCTGAGGGGACGTTATCACTCTTCCCTCTATTTTTATCGGATCTTGTCAACACTTTATT
ATCAATAGAATCATCTTTGAGAAAAGACTGGGGCACGATATGATCCACGTCGTAGTCGGAGAGCCGATTGATGTCCA
GTTCCTGATCCACGTACATGTCCCTGCCGTTCTGCAGGTAGTACAGGTAGAGCTTCTCATTCTGAAGCTGGGTGTTT
TCAACTGGGTGTTCCTTAAGGATTTGGGACCCCAGTTCTTTTATACCCTCTTCAATCCTCTTCATCCTTTCCCTACT
GTTCTTCTGTCCCTTCTGGGTAGTTTGGTTCTCTCGGGCCATCTCGATAACGATATTCTCGGGCTTATGCCTTCCCA
TTACTTTGACGAGTTCATCCACGACCTTAACGGTCTGCAGTATTCCCTTTTTGATAGCTGGGCTACCTGCAAGATTA
GCGATGTGCTCGTGAAGACTGTCCCCCTGGCCAGAAACTTGTGCTTTCTGGATGTCCTCCTTAAAGGTGAGAGAGTC
ATCATGGATCAACTGCATGAAGTTCCGGTTGGCAAATCCATCGGACTTAAGAAAATCCAGGATTGTCTTTCCACTCT
GCTTGTCTCGGATCCCATTGATCAGTTTTCTTGACAGCCGCCCCCATCCTGTATATCGGCGCCTCTTGAGCTGTTTC
ATGACTTTGTCGTCGAAGAGATGAGCGTAAGTTTTCAAGCGTTCTTCAATCATCTCCCTATCTTCAAACAACGTAAG
GGTGAGGACAATGTCCTCAAGAATGTCCTCGTTCTCCTCATTGTCCAGGAAGTCCTTGTCTTTAATGATTTTCAGGA
GATCGTGATACGTTCCCAGGGATGCGTTGAAGCGATCCTCCACTCCGCTGATTTCAACAGAGTCGAAACATTCAATC
TTTTTGAAATAGTCTTCTTTGAGCTGTTTCACGGTAACTTTCCGGTTCGTCTTGAAGAGGAGGTCCACGATAGCTTT
CTTCTGCTCTCCAGACAGGAATGCTGGCTTTCTCATCCCTTCTGTGACGTATTTGACCTTGGTGAGCTCGTTATAAA
CTGTGAAGTACTCGTACAGCAGAGAGTGTTTAGGAAGCACCTTTTCGTTAGGCAGATTTTTATCAAAGTTAGTCATC
CTTTCGATGAAGGACTGGGCAGAGGCCCCCTTATCCACGACTTCCTCGAAGTTCCAGGGAGTGATGGTCTCTTCTGA
TTTGCGAGTCATCCACGCGAATCTGGAATTTCCCCGGGCGAGGGGGCCTACATAGTAGGGTATCCGAAATGTGAGGA
TTTTCTCAATCTTTTCCCTGTTATCTTTCAAAAAGGGGTAGAAATCCTCTTGCCGCCTGAGGATAGCGTGCAGTTCG
CCCAGGTGAATCTGGTGGGGGATGCTTCCATTGTCGAAAGTGCGCTGTTTGCGCAACAGATCTTCTCTGTTAAGCTT
TACCAGCAGCTCCTCGGTGCCGTCCATTTTTTCCAAGATGGGCTTAATAAATTTGTAAAATTCCTCCTGGCTTGCTC
CGCCGTCAATGTATCCGGCGTAGCCATTTTTAGACTGATCGAAGAAAATTTCCTTGTACTTCTCAGGCAGTTGCTGT
CTGACAAGGGCCTTCAGCAAAGTCAAGTCTTGGTGGTGCTCATCATAGCGCTTGATCATACTAGCGCTCAGCGGAGC
TTTGGTGATCTCCGTGTTCACTCGCAGAATATCACTCAGCAGAATGGCGTCTGACAGGTTCTTTGCCGCCAAAAAAA
GGTCTGCGTACTGGTCGCCGATCTGGGCCAGCAGATTGTCGAGATCATCATCGTAGGTGTCTTTGCTCAGTTGAAGC
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TTGGCATCTTCGGCCAGGTCGAAGTTAGATTTAAAGTTGGGGGTCAGCCCGAGTGACAGGGCGATAAGATTACCAAA
CAGGCCGTTCTTCTTCTCCCCAGGGAGCTGTGCGATGAGGTTTTCGAGCCGCCGGGATTTGGACAGCCTAGCGCTCA
GGATTGCTTTGGCGTCAACTCCGGATGCGTTGATCGGGTTCTCTTCGAAAAGCTGATTGTAAGTCTGAACCAGTTGG
ATAAAGAGTTTGTCGACATCGCTGTTGTCTGGGTTCAGGTCCCCCTCGATGAGGAAGTGTCCCCGAAATTTGATCAT
ATGCGCCAGCGCGAGATAGATCAACCGCAAGTCAGCCTTATCAGTACTGTCTACAAGCTTCTTCCTCAGATGATATA
TGGTTGGGTACTTTTCATGGTACGCCACCTCGTCCACGATATTGCCAAAGATTGGGTGGCGCTCGTGCTTTTTATCC
TCCTCCACCAAAAAGGACTCCTCCAGCCTATGGAAGAAAGAGTCATCCACCTTAGCCATCTCATTACTAAAGATCTC
CTGCAGGTAGCAGATCCGATTCTTTCTGCGGGTATATCTGCGCCGTGCTGTTCTTTTGAGCCGCGTGGCTTCGGCGG
TTTCCCCGGAGTCGAACAGGAGGGCGCCAATGAGGTTCTTCTTTATGCTGTGGCGATCGGTATTGCCCAGAACTTTG
AATTTTTTGCTCGGCACCTTGTACTCGTCCGTAATGACGGCCCAGCCGACGCTGTTTGTGCCGATATCGAGCCCAAT
GGAGTACTTCTTGTCCATGGGTACCTTTCTCCTCTTTAATGAATTCTGTGTGAAATTGTTATCCGCTCACAATTGAA
TCTATCATAATTGTGAGCGCTCACAATTGTAAAGGTTAGATCTAAAACTAGTGGCAGCGGCTAACTAAGCGGCCTGC
TGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGTGAG
ACGTCTTCTTCCTCGTCTCGGTCGACAGTTCATAGGTGATTGCTCAGGACATTTCTGTTAGAAGGAATCGTTTTCCT
TACTTTTCCTTACGCACAAGAGTTCCGTAGCTGTTCAAGTTTGTGTTTCAACTGTTCTCGTCGTTTCCGCAACAAGT
CCTCTTCAGAAATGAGCTTTTGCTCCTCTGCTTGGACGGACAGGATGTATGCTGTGGCTTTTTTAAGGATAACTACC
TTGGGGGCCTTTTCATTGTTTTCCAACTCCGGGATCTGGTCACGCAGGGCAAAAAAGCTCCGTTTTAGCTCGTTCCT
CCTCTGGCGCTCCAAGACGTTGTGTGTTCGCCTCTTGACATTCTCCTCGGTGTCCGAGGGCCCTGTGTGAATTTGTT
ATCCGCTCACAATTCCACACAGACGTCGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAA
GGTGAGGAACTAAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCG
AGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTG
ACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGA
CGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCG
GCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAG
GACTGAGAGCTCGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGC
TCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACTAGTAACAACTTATATCGTATGGGGCTGACTTCA
GGTGCTACATTTGAAGAGATAAATTGCACTGAAATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGAGA
TCGTTTTGGTCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCTCT
GAGCTACCAACTCTTTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCT
TAACCGGCGCATGACTTCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGTC
TTTCCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATACAG
TCCAGCTTGGAGCGAACTGCCTACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAA
TGACACCGGTAAACCGAAAGGCAGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTAT
AGTCCTGTCGGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAA
A 
 
>pCas9-TK1-A  (6359 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGTCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTT
TCGACTGAGCCTTTCGTTTTATTTGATGCCTCTAGATTACACCTTCCTCTTCTTCTTGGGGTCAGCCCTGCTGTCTC
CACCGAGCTGAGAGAGGTCGATTCTTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGACC
TCCTTTGTAGAGGTGTACCGCTTTCTGTCTATGGTGGTGTCGAAGTACTTGAAGGCTGCAGGCGCGCCCAAGTTGGT
CAGAGTAAACAAGTGGATAATGTTTTCTGCCTGCTCCCTGATGGGCTTATCCCTGTGCTTATTGTAAGCAGAAAGCA
CCTTATCGAGGTTAGCGTCGGCGAGGATCACTCTTTTGGAGAATTCGCTTATTTGCTCGATGATCTCATCAAGGTAG
TGTTTGTGTTGTTCCACGAACAGCTGCTTCTGCTCATTATCTTCGGGAGACCCTTTGAGCTTTTCATAGTGGCTGGC
CAGATACAAGAAATTAACGTATTTAGAGGGCAGTGCCAGCTCGTTACCTTTCTGCAGCTCGCCCGCACTAGCGAGCA
TTCGTTTCCGGCCGTTTTCAAGCTCAAAGAGAGAGTACTTGGGAAGCTTAATGATGAGGTCTTTTTTGACCTCTTTA
TATCCTTTCGCCTCGAGAAAGTCGATGGGGTTTTTTTCGAAGCTTGATCGCTCCATGATTGTGATGCCCAGCAGTTC
CTTGACGCTTTTGAGTTTTTTAGACTTCCCTTTCTCCACTTTGGCCACAACCAGTACACTGTAAGCGACTGTAGGAG
AATCGAATCCGCCGTATTTCTTGGGGTCCCAATCTTTTTTGCGTGCGATCAGCTTGTCGCTGTTCCTTTTCGGGAGG
ATACTTTCCTTGGAGAAGCCTCCGGTCTGTACTTCGGTCTTTTTAACGATGTTCACCTGCGGCATGGACAGGACCTT
CCGGACTGTCGCGAAATCCCTACCCTTGTCCCACACGATTTCTCCTGTTTCTCCGTTTGTTTCGATAAGTGGTCGCT
TCCGAATCTCTCCATTGGCCAGTGTAATCTCGGTCTTGAAAAAATTCATAATATTGCTGTAAAAGAAGTACTTAGCG
GTGGCCTTGCCTATTTCCTGCTCAGACTTTGCGATCATTTTCCTAACATCGTACACTTTATAGTCTCCGTAAACAAA
TTCAGATTCAAGCTTGGGATATTTTTTGATAAGTGCAGTGCCTACCACTGCATTCAGGTAGGCATCATGCGCATGGT
GGTAATTGTTGATCTCTCTCACCTTATAAAACTGAAAGTCCTTTCTGAAATCTGAGACCAGCTTAGACTTCAGAGTA
ATAACTTTCACCTCTCGAATCAGTTTGTCATTTTCATCGTACTTGGTGTTCATGCGTGAATCGAGAATTTGGGCCAC
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GTGCTTGGTGATCTGGCGTGTCTCAACAAGCTGCCTTTTGATGAAGCCGGCTTTATCCAACTCAGACAGGCCACCTC
GTTCAGCCTTAGTCAGATTATCGAACTTCCGTTGTGTGATCAGTTTGGCGTTCAGCAGCTGCCGCCAATAATTTTTC
ATTTTCTTGACAACTTCTTCTGAGGGGACGTTATCACTCTTCCCTCTATTTTTATCGGATCTTGTCAACACTTTATT
ATCAATAGAATCATCTTTGAGAAAAGACTGGGGCACGATATGATCCACGTCGTAGTCGGAGAGCCGATTGATGTCCA
GTTCCTGATCCACGTACATGTCCCTGCCGTTCTGCAGGTAGTACAGGTAGAGCTTCTCATTCTGAAGCTGGGTGTTT
TCAACTGGGTGTTCCTTAAGGATTTGGGACCCCAGTTCTTTTATACCCTCTTCAATCCTCTTCATCCTTTCCCTACT
GTTCTTCTGTCCCTTCTGGGTAGTTTGGTTCTCTCGGGCCATCTCGATAACGATATTCTCGGGCTTATGCCTTCCCA
TTACTTTGACGAGTTCATCCACGACCTTAACGGTCTGCAGTATTCCCTTTTTGATAGCTGGGCTACCTGCAAGATTA
GCGATGTGCTCGTGAAGACTGTCCCCCTGGCCAGAAACTTGTGCTTTCTGGATGTCCTCCTTAAAGGTGAGAGAGTC
ATCATGGATCAACTGCATGAAGTTCCGGTTGGCAAATCCATCGGACTTAAGAAAATCCAGGATTGTCTTTCCACTCT
GCTTGTCTCGGATCCCATTGATCAGTTTTCTTGACAGCCGCCCCCATCCTGTATATCGGCGCCTCTTGAGCTGTTTC
ATGACTTTGTCGTCGAAGAGATGAGCGTAAGTTTTCAAGCGTTCTTCAATCATCTCCCTATCTTCAAACAACGTAAG
GGTGAGGACAATGTCCTCAAGAATGTCCTCGTTCTCCTCATTGTCCAGGAAGTCCTTGTCTTTAATGATTTTCAGGA
GATCGTGATACGTTCCCAGGGATGCGTTGAAGCGATCCTCCACTCCGCTGATTTCAACAGAGTCGAAACATTCAATC
TTTTTGAAATAGTCTTCTTTGAGCTGTTTCACGGTAACTTTCCGGTTCGTCTTGAAGAGGAGGTCCACGATAGCTTT
CTTCTGCTCTCCAGACAGGAATGCTGGCTTTCTCATCCCTTCTGTGACGTATTTGACCTTGGTGAGCTCGTTATAAA
CTGTGAAGTACTCGTACAGCAGAGAGTGTTTAGGAAGCACCTTTTCGTTAGGCAGATTTTTATCAAAGTTAGTCATC
CTTTCGATGAAGGACTGGGCAGAGGCCCCCTTATCCACGACTTCCTCGAAGTTCCAGGGAGTGATGGTCTCTTCTGA
TTTGCGAGTCATCCACGCGAATCTGGAATTTCCCCGGGCGAGGGGGCCTACATAGTAGGGTATCCGAAATGTGAGGA
TTTTCTCAATCTTTTCCCTGTTATCTTTCAAAAAGGGGTAGAAATCCTCTTGCCGCCTGAGGATAGCGTGCAGTTCG
CCCAGGTGAATCTGGTGGGGGATGCTTCCATTGTCGAAAGTGCGCTGTTTGCGCAACAGATCTTCTCTGTTAAGCTT
TACCAGCAGCTCCTCGGTGCCGTCCATTTTTTCCAAGATGGGCTTAATAAATTTGTAAAATTCCTCCTGGCTTGCTC
CGCCGTCAATGTATCCGGCGTAGCCATTTTTAGACTGATCGAAGAAAATTTCCTTGTACTTCTCAGGCAGTTGCTGT
CTGACAAGGGCCTTCAGCAAAGTCAAGTCTTGGTGGTGCTCATCATAGCGCTTGATCATACTAGCGCTCAGCGGAGC
TTTGGTGATCTCCGTGTTCACTCGCAGAATATCACTCAGCAGAATGGCGTCTGACAGGTTCTTTGCCGCCAAAAAAA
GGTCTGCGTACTGGTCGCCGATCTGGGCCAGCAGATTGTCGAGATCATCATCGTAGGTGTCTTTGCTCAGTTGAAGC
TTGGCATCTTCGGCCAGGTCGAAGTTAGATTTAAAGTTGGGGGTCAGCCCGAGTGACAGGGCGATAAGATTACCAAA
CAGGCCGTTCTTCTTCTCCCCAGGGAGCTGTGCGATGAGGTTTTCGAGCCGCCGGGATTTGGACAGCCTAGCGCTCA
GGATTGCTTTGGCGTCAACTCCGGATGCGTTGATCGGGTTCTCTTCGAAAAGCTGATTGTAAGTCTGAACCAGTTGG
ATAAAGAGTTTGTCGACATCGCTGTTGTCTGGGTTCAGGTCCCCCTCGATGAGGAAGTGTCCCCGAAATTTGATCAT
ATGCGCCAGCGCGAGATAGATCAACCGCAAGTCAGCCTTATCAGTACTGTCTACAAGCTTCTTCCTCAGATGATATA
TGGTTGGGTACTTTTCATGGTACGCCACCTCGTCCACGATATTGCCAAAGATTGGGTGGCGCTCGTGCTTTTTATCC
TCCTCCACCAAAAAGGACTCCTCCAGCCTATGGAAGAAAGAGTCATCCACCTTAGCCATCTCATTACTAAAGATCTC
CTGCAGGTAGCAGATCCGATTCTTTCTGCGGGTATATCTGCGCCGTGCTGTTCTTTTGAGCCGCGTGGCTTCGGCGG
TTTCCCCGGAGTCGAACAGGAGGGCGCCAATGAGGTTCTTCTTTATGCTGTGGCGATCGGTATTGCCCAGAACTTTG
AATTTTTTGCTCGGCACCTTGTACTCGTCCGTAATGACGGCCCAGCCGACGCTGTTTGTGCCGATATCGAGCCCAAT
GGAGTACTTCTTGTCCATGGTACCTTTCTCCTCTTTAATGAATTCTGTGTGAAATTGTTATCCGCTCACAATTGAAT
CTATCATAATTGTGAGCGCTCACAATTGTAAAGGTTAGATCTAAAACTAGTGGCAGCGGCTAACTAAGCGGCCTGCT
GACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGCCCCG
CATTGTTGTGTGGAAATGTGAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTCGACAGTTCAT
AGGTGATTGCTCAGGACATTTCTGTTAGAAGGAATCGTTTTCCTTACTTTTCCTTACGCACAAGAGTTCCGTAGCTG
TTCAAGTTTGTGTTTCAACTGTTCTCGTCGTTTCCGCAACAAGTCCTCTTCAGAAATGAGCTTTTGCTCCTCTGCTT
GGACGGACAGGATGTATGCTGTGGCTTTTTTAAGGATAACTACCTTGGGGGCCTTTTCATTGTTTTCCAACTCCGGG
ATCTGGTCACGCAGGGCAAAAAAGCTCCGTTTTAGCTCGTTCCTCCTCTGGCGCTCCAAGACGTTGTGTGTTCGCCT
CTTGACATTCTCCTCGGTGTCCGAGGGCCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAGACGTCGTTGAC
AATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACCATGGCCAAGTTGACCAG
TGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGG
ACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTG
GTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTC
CACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGC
GCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGAGAGCTCGCTTGGACTCCTGTTGATAGA
TCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGA
ATCCAAGCACTAGTAACAACTTATATCGTATGGGGCTGACTTCAGGTGCTACATTTGAAGAGATAAATTGCACTGAA
ATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTCTGA
AAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCTCTGAGCTACCAACTCTTTGAACCGAGGTAACTGGC
TTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCTTAACCGGCGCATGACTTCAAGACTAACTCCTCT
AAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGTCTTTCCGGGTTGGACTCAAGACGATAGTTACCGG
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ATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATACAGTCCAGCTTGGAGCGAACTGCCTACCCGGAACTG
AGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACACCGGTAAACCGAAAGGCAGGAACAGGAG
AGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCACTGATTTGAG
CGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAAA 
 
>pCas9-TK1-A/∆  (6614 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGTCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTT
TCGACTGAGCCTTTCGTTTTATTTGATGCCTCTAGATTACACCTTCCTCTTCTTCTTGGGGTCAGCCCTGCTGTCTC
CACCGAGCTGAGAGAGGTCGATTCTTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGACC
TCCTTTGTAGAGGTGTACCGCTTTCTGTCTATGGTGGTGTCGAAGTACTTGAAGGCTGCAGGCGCGCCCAAGTTGGT
CAGAGTAAACAAGTGGATAATGTTTTCTGCCTGCTCCCTGATGGGCTTATCCCTGTGCTTATTGTAAGCAGAAAGCA
CCTTATCGAGGTTAGCGTCGGCGAGGATCACTCTTTTGGAGAATTCGCTTATTTGCTCGATGATCTCATCAAGGTAG
TGTTTGTGTTGTTCCACGAACAGCTGCTTCTGCTCATTATCTTCGGGAGACCCTTTGAGCTTTTCATAGTGGCTGGC
CAGATACAAGAAATTAACGTATTTAGAGGGCAGTGCCAGCTCGTTACCTTTCTGCAGCTCGCCCGCACTAGCGAGCA
TTCGTTTCCGGCCGTTTTCAAGCTCAAAGAGAGAGTACTTGGGAAGCTTAATGATGAGGTCTTTTTTGACCTCTTTA
TATCCTTTCGCCTCGAGAAAGTCGATGGGGTTTTTTTCGAAGCTTGATCGCTCCATGATTGTGATGCCCAGCAGTTC
CTTGACGCTTTTGAGTTTTTTAGACTTCCCTTTCTCCACTTTGGCCACAACCAGTACACTGTAAGCGACTGTAGGAG
AATCGAATCCGCCGTATTTCTTGGGGTCCCAATCTTTTTTGCGTGCGATCAGCTTGTCGCTGTTCCTTTTCGGGAGG
ATACTTTCCTTGGAGAAGCCTCCGGTCTGTACTTCGGTCTTTTTAACGATGTTCACCTGCGGCATGGACAGGACCTT
CCGGACTGTCGCGAAATCCCTACCCTTGTCCCACACGATTTCTCCTGTTTCTCCGTTTGTTTCGATAAGTGGTCGCT
TCCGAATCTCTCCATTGGCCAGTGTAATCTCGGTCTTGAAAAAATTCATAATATTGCTGTAAAAGAAGTACTTAGCG
GTGGCCTTGCCTATTTCCTGCTCAGACTTTGCGATCATTTTCCTAACATCGTACACTTTATAGTCTCCGTAAACAAA
TTCAGATTCAAGCTTGGGATATTTTTTGATAAGTGCAGTGCCTACCACTGCATTCAGGTAGGCATCATGCGCATGGT
GGTAATTGTTGATCTCTCTCACCTTATAAAACTGAAAGTCCTTTCTGAAATCTGAGACCAGCTTAGACTTCAGAGTA
ATAACTTTCACCTCTCGAATCAGTTTGTCATTTTCATCGTACTTGGTGTTCATGCGTGAATCGAGAATTTGGGCCAC
GTGCTTGGTGATCTGGCGTGTCTCAACAAGCTGCCTTTTGATGAAGCCGGCTTTATCCAACTCAGACAGGCCACCTC
GTTCAGCCTTAGTCAGATTATCGAACTTCCGTTGTGTGATCAGTTTGGCGTTCAGCAGCTGCCGCCAATAATTTTTC
ATTTTCTTGACAACTTCTTCTGAGGGGACGTTATCACTCTTCCCTCTATTTTTATCGGATCTTGTCAACACTTTATT
ATCAATAGAATCATCTTTGAGAAAAGACTGGGGCACGATATGATCCACGTCGTAGTCGGAGAGCCGATTGATGTCCA
GTTCCTGATCCACGTACATGTCCCTGCCGTTCTGCAGGTAGTACAGGTAGAGCTTCTCATTCTGAAGCTGGGTGTTT
TCAACTGGGTGTTCCTTAAGGATTTGGGACCCCAGTTCTTTTATACCCTCTTCAATCCTCTTCATCCTTTCCCTACT
GTTCTTCTGTCCCTTCTGGGTAGTTTGGTTCTCTCGGGCCATCTCGATAACGATATTCTCGGGCTTATGCCTTCCCA
TTACTTTGACGAGTTCATCCACGACCTTAACGGTCTGCAGTATTCCCTTTTTGATAGCTGGGCTACCTGCAAGATTA
GCGATGTGCTCGTGAAGACTGTCCCCCTGGCCAGAAACTTGTGCTTTCTGGATGTCCTCCTTAAAGGTGAGAGAGTC
ATCATGGATCAACTGCATGAAGTTCCGGTTGGCAAATCCATCGGACTTAAGAAAATCCAGGATTGTCTTTCCACTCT
GCTTGTCTCGGATCCCATTGATCAGTTTTCTTGACAGCCGCCCCCATCCTGTATATCGGCGCCTCTTGAGCTGTTTC
ATGACTTTGTCGTCGAAGAGATGAGCGTAAGTTTTCAAGCGTTCTTCAATCATCTCCCTATCTTCAAACAACGTAAG
GGTGAGGACAATGTCCTCAAGAATGTCCTCGTTCTCCTCATTGTCCAGGAAGTCCTTGTCTTTAATGATTTTCAGGA
GATCGTGATACGTTCCCAGGGATGCGTTGAAGCGATCCTCCACTCCGCTGATTTCAACAGAGTCGAAACATTCAATC
TTTTTGAAATAGTCTTCTTTGAGCTGTTTCACGGTAACTTTCCGGTTCGTCTTGAAGAGGAGGTCCACGATAGCTTT
CTTCTGCTCTCCAGACAGGAATGCTGGCTTTCTCATCCCTTCTGTGACGTATTTGACCTTGGTGAGCTCGTTATAAA
CTGTGAAGTACTCGTACAGCAGAGAGTGTTTAGGAAGCACCTTTTCGTTAGGCAGATTTTTATCAAAGTTAGTCATC
CTTTCGATGAAGGACTGGGCAGAGGCCCCCTTATCCACGACTTCCTCGAAGTTCCAGGGAGTGATGGTCTCTTCTGA
TTTGCGAGTCATCCACGCGAATCTGGAATTTCCCCGGGCGAGGGGGCCTACATAGTAGGGTATCCGAAATGTGAGGA
TTTTCTCAATCTTTTCCCTGTTATCTTTCAAAAAGGGGTAGAAATCCTCTTGCCGCCTGAGGATAGCGTGCAGTTCG
CCCAGGTGAATCTGGTGGGGGATGCTTCCATTGTCGAAAGTGCGCTGTTTGCGCAACAGATCTTCTCTGTTAAGCTT
TACCAGCAGCTCCTCGGTGCCGTCCATTTTTTCCAAGATGGGCTTAATAAATTTGTAAAATTCCTCCTGGCTTGCTC
CGCCGTCAATGTATCCGGCGTAGCCATTTTTAGACTGATCGAAGAAAATTTCCTTGTACTTCTCAGGCAGTTGCTGT
CTGACAAGGGCCTTCAGCAAAGTCAAGTCTTGGTGGTGCTCATCATAGCGCTTGATCATACTAGCGCTCAGCGGAGC
TTTGGTGATCTCCGTGTTCACTCGCAGAATATCACTCAGCAGAATGGCGTCTGACAGGTTCTTTGCCGCCAAAAAAA
GGTCTGCGTACTGGTCGCCGATCTGGGCCAGCAGATTGTCGAGATCATCATCGTAGGTGTCTTTGCTCAGTTGAAGC
TTGGCATCTTCGGCCAGGTCGAAGTTAGATTTAAAGTTGGGGGTCAGCCCGAGTGACAGGGCGATAAGATTACCAAA
CAGGCCGTTCTTCTTCTCCCCAGGGAGCTGTGCGATGAGGTTTTCGAGCCGCCGGGATTTGGACAGCCTAGCGCTCA
GGATTGCTTTGGCGTCAACTCCGGATGCGTTGATCGGGTTCTCTTCGAAAAGCTGATTGTAAGTCTGAACCAGTTGG
ATAAAGAGTTTGTCGACATCGCTGTTGTCTGGGTTCAGGTCCCCCTCGATGAGGAAGTGTCCCCGAAATTTGATCAT
ATGCGCCAGCGCGAGATAGATCAACCGCAAGTCAGCCTTATCAGTACTGTCTACAAGCTTCTTCCTCAGATGATATA

19



TGGTTGGGTACTTTTCATGGTACGCCACCTCGTCCACGATATTGCCAAAGATTGGGTGGCGCTCGTGCTTTTTATCC
TCCTCCACCAAAAAGGACTCCTCCAGCCTATGGAAGAAAGAGTCATCCACCTTAGCCATCTCATTACTAAAGATCTC
CTGCAGGTAGCAGATCCGATTCTTTCTGCGGGTATATCTGCGCCGTGCTGTTCTTTTGAGCCGCGTGGCTTCGGCGG
TTTCCCCGGAGTCGAACAGGAGGGCGCCAATGAGGTTCTTCTTTATGCTGTGGCGATCGGTATTGCCCAGAACTTTG
AATTTTTTGCTCGGCACCTTGTACTCGTCCGTAATGACGGCCCAGCCGACGCTGTTTGTGCCGATATCGAGCCCAAT
GGAGTACTTCTTGTCCATGGGTACCTTTCTCCTCTTTAATGAATTCTGTGTGAAATTGTTATCCGCTCACAATTGAA
TCTATCATAATTGTGAGCGCTCACAATTGTAAAGGTTAGATCTAAAACTAGTGGCAGCGGCTAACTAAGCGGCCTGC
TGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGGCAT
TGTTGTGTGGAAATGTGAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCGCTCAACGAGCAGGCTTTTTTGGTCGACAGACAGTAGTGG
CAGCGGCTAACTAAGCGGCCTGCTGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGT
ATCTGCGCAGTAAGATGCGCCCCGCATTTGTTGTGTGGAATGTGAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATA
AGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGC
AGGCTTTTTTGGTCGACAGTTCATAGGTGATTGCTCAGGACATTTCTGTTAGAAGGAATCGTTTTCCTTACTTTTCC
TTACGCACAAGAGTTCCGTAGCTGTTCAAGTTTGTGTTTCAACTGTTCTCGTCGTTTCCGCAACAAGTCCTCTTCAG
AAATGAGCTTTTGCTCCTCTGCTTGGACGGACAGGATGTATGCTGTGGCTTTTTTAAGGATAACTACCTTGGGGGCC
TTTTCATTGTTTTCCAACTCCGGGATCTGGTCACGCAGGGCAAAAAAGCTCCGTTTTAGCTCGTTCCTCCTCTGGCG
CTCCAAGACGTTGTGTGTTCGCCTCTTGACATTCTCCTCGGTGTCCGAGGGCCCTGTGTGAATTTGTTATCCGCTCA
CAATTCCACACAGACGTCGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAA
CTAAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGA
CCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTC
ATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTA
CGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCAGC
CGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGAGAG
CTCGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCC
GCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACTAGTAACAACTTATATCGTATGGGGCTGACTTCAGGTGCTACA
TTTGAAGAGATAAATTGCACTGAAATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGAGATCGTTTTGG
TCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCTCTGAGCTACCA
ACTCTTTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCTTAACCGGCG
CATGACTTCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGTCTTTCCGGGT
TGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATACAGTCCAGCTTG
GAGCGAACTGCCTACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACACCGG
TAAACCGAAAGGCAGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
GGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAAA 
 
>pAIO-Multi GG destination plasmid  (2022 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGTCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCAG
TGTGAGACCGATATCGTTGCGATATCGTTGGTCTCAACGACACAATTGTAAAGGTTAGATCTAAAACTAGTGGCAGC
GGCTAACTAAGCGGCCTGCTGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCT
GCGCAGTAAGATGCGTGAGACGTCTTCTTCCTCGTCTCGGTCGACAGTTCATAGGTGATTGCTCAGGACATTTCTGT
TAGAAGGAATCGTTTTCCTTACTTTTCCTTACGCACAAGAGTTCCGTAGCTGTTCAAGTTTGTGTTTCAACTGTTCT
CGTCGTTTCCGCAACAAGTCCTCTTCAGAAATGAGCTTTTGCTCCTCTGCTTGGACGGACAGGATGTATGCTGTGGC
TTTTTTAAGGATAACTACCTTGGGGGCCTTTTCATTGTTTTCCAACTCCGGGATCTGGTCACGCAGGGCAAAAAAGC
TCCGTTTTAGCTCGTTCCTCCTCTGGCGCTCCAAGACGTTGTGTGTTCGCCTCTTGACATTCTCCTCGGTGTCCGAG
GGCCCTGTGTGAATTTGTTATCCGCTCACAATTCCACACAGACGTCGTTGACAATTAATCATCGGCATAGTATATCG
GCATAGTATAATACGACAAGGTGAGGAACTAAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGC
GACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGG
TGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGG
TGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGG
CCGGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCA
CTTCGTGGCCGAGGAGCAGGACTGAGAGCTCGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCAT
CTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACTAGTAACAACTTATA
TCGTATGGGGCTGACTTCAGGTGCTACATTTGAAGAGATAAATTGCACTGAAATCTAGTAATATTTTATCTGATTAA
TAAGATGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGC
GGTTTTTCGAAGGTTCTCTGAGCTACCAACTCTTTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACT
TGTCCTTTCAGTTTAGCCTTAACCGGCGCATGACTTCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCC
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AGTGGTGCTTTTGCATGTCTTTCCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAAC
GGGGGGTTCGTGCATACAGTCCAGCTTGGAGCGAACTGCCTACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAA
CGCGGCCATAACAGCGGAATGACACCGGTAAACCGAAAGGCAGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGG
AAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAG
GGGGGCGGAGCCTATGGAAA 
 
>pAIO-TK1  (2443 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGTCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCAG
TGGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACANTTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGC
CAACGACACAATTGTAAAGGTTAGATCTAAAACTAGTGGCAGCGGCTAACTAAGCGGCCTGCTGACTTTCTCGCCGA
TCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGCCCCGCATTGTTGTGTGGA
AATGTGAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAG
TCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTCGACAGTAGTGGCAGCGGCTAACTA
AGCGGCCTGCTGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAA
GATGCGCCCCGCATTTGTTGTGTGGAATGTGAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTT
ATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGT
CGACAGTTCATAGGTGATTGCTCAGGACATTTCTGTTAGAAGGAATCGTTTTCCTTACTTTTCCTTACGCACAAGAG
TTCCGTAGCTGTTCAAGTTTGTGTTTCAACTGTTCTCGTCGTTTCCGCAACAAGTCCTCTTCAGAAATGAGCTTTTG
CTCCTCTGCTTGGACGGACAGGATGTATGCTGTGGCTTTTTTAAGGATAACTACCTTGGGGGCCTTTTCATTGTTTT
CCAACTCCGGGATCTGGTCACGCAGGGCAAAAAAGCTCCGTTTTAGCTCGTTCCTCCTCTGGCGCTCCAAGACGTTG
TGTGTTCGCCTCTTGACATTCTCCTCGGTGTCCGAGGGCCCTGTGTGAATTTGTTATCCGCTCACAATTCCACACAG
ACGTCGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACCATGGCC
AAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGG
GTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCC
AGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCG
GAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGA
GTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGAGAGCTCGCTTGGACTC
CTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTT
TATTGGTGAGAATCCAAGCACTAGTAACAACTTATATCGTATGGGGCTGACTTCAGGTGCTACATTTGAAGAGATAA
ATTGCACTGAAATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATC
TCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCTCTGAGCTACCAACTCTTTGAACCG
AGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCTTAACCGGCGCATGACTTCAAGA
CTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGTCTTTCCGGGTTGGACTCAAGACG
ATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATACAGTCCAGCTTGGAGCGAACTGCCT
ACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACACCGGTAAACCGAAAGGC
AGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
ACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAAA 
 
>pAIO2X GG destination plasmid  (2852 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGAGATCCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGTCGAAAGGCGAAGAACTGTTTACGGG
AGTGGTGCCTATCCTGGTAGAGCTCGACGGAGATGTAAACGGTCACAAATTTTCAGTCCGCGGGGAAGGCGAAGGCG
ATGCGACCAACGGTAAATTAACTTTGAAGTTTATTTGCACCACCGGCAAATTACCGGTGCCTTGGCCGACGCTTGTG
ACGACCCTGACTTACGGGGTGCAGTGTTTCAGTCGCTACCCAGATCACATGAAACGCCATGACTTCTTCAAATCTGC
GATGCCGGAAGGCTATGTGCAGGAACGTACAATTAGCTTTAAAGACGACGGCACGTATAAAACGCGGGCAGAGGTTA
AATTTGAGGGAGATACCCTGGTAAACCGTATTGAACTGAAAGGCATCGATTTTAAAGAAGATGGGAACATCTTGGGC
CACAAGAGACCGGTACCGGTCTCGGAATCAAAGCAAATTTCAAGATCCGTCATAACGTGGAGGACGGTTCCGTGCAG
CTTGCAGATCACTATCAGCAGAATACGCCGATTGGCGATGGCCCGGTGCTGCTGCCCGATAATCACTACCTCTCTAC
TCAGAGTGTTTTATCGAAAGACCCGAACGAGAAGCGTGATCACATGGTGCTGCTTGAATTTGTTACCGCGGCAGGTA
TTACACACGGCATGGATGAGTTGTATAAGGGATCCGCTTGGAGCCACCCGCAGTTCGAGAAAGGTGGAGGTTCCGGA
GGTGGATCGGGAGGTTCGGCGTGGAGCCACCCGCAGTTCGAAAAATGAAAGCTTCCTAGGTCTAACTAGGAGATCCT
AGAGGAAGTGTGGCCGAGAGACCGGTACCGGTCTCTCCAGAGTTCGAATCTCTGCGCTTCCGCCAAATTCGAAAAGC
CTGCTCAACGAGCAGGCTTTTTTGCATAAGCTTCCTAGTGGCAGCGGCTAACTAAGCGGCCTGCTGACTTTCTCGCC
GATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGCCCCGCATTGGAGACGC
CATGGCGTCTCGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCAC
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CGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTCGACAGTAGTGGCAGCGGCTA
ACTAAGCGGCCTGCTGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCA
GTAAGATGCGCCCCGCATGAGACGGCATGCCGTCTCTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTC
GACAGTTCATAGGTGATTGCGGATCCCGTCGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGA
CAAGGTGAGGAACTAAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGG
TCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGCGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGAC
GTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCT
GGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGA
TCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAG
CAGGACTGAGAGCTCGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAA
CGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACAGTAACAACTTATATCGTATGGGGCTGACTT
CAGGTGCTACATTTGAAGAGATAAATTGCACTGAAATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGA
GATCGTTTTGGTCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCT
CTGAGCTACCAACTCTTTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGC
CTTAACCGGCGCATGACTTCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATG
TCTTTCCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATAC
AGTCCAGCTTGGAGCGAACTGCCTACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGG
AATGACACCGGTAAACCGAAAGGCAGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTT
ATAGTCCTGTCGGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGG
AAA 
 
>pAIO2X  (2921 bp)  
AACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCCGTTCG
TAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCCCTA
GGAGATCCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGTCGAAAGGCGAAGAACTGTTTACGGG
AGTGGTGCCTATCCTGGTAGAGCTCGACGGAGATGTAAACGGTCACAAATTTTCAGTCCGCGGGGAAGGCGAAGGCG
ATGCGACCAACGGTAAATTAACTTTGAAGTTTATTTGCACCACCGGCAAATTACCGGTGCCTTGGCCGACGCTTGTG
ACGACCCTGACTTACGGGGTGCAGTGTTTCAGTCGCTACCCAGATCACATGAAACGCCATGACTTCTTCAAATCTGC
GATGCCGGAAGGCTATGTGCAGGAACGTACAATTAGCTTTAAAGACGACGGCACGTATAAAACGCGGGCAGAGGTTA
AATTTGAGGGAGATACCCTGGTAAACCGTATTGAACTGAAAGGCATCGATTTTAAAGAAGATGGGAACATCTTGGGC
CACAAACTCGAGTACAACTTTAACTCACACAATGTAAGNATCACGGCAGACAAACAAAAGAATGGAATCAAAGCAAA
TTTCAAGATCCGTCATAACGTGGAGGACGGTTCCGTGCAGCTTGCAGATCACTATCAGCAGAATACGCCGATTGGCG
ATGGCCCGGTGCTGCTGCCCGATAATCACTACCTCTCTACTCAGAGTGTTTTATCGAAAGACCCGAACGAGAAGCGT
GATCACATGGTGCTGCTTGAATTTGTTACCGCGGCAGGTATTACACACGGCATGGATGAGTTGTATAAGGGATCCGC
TTGGAGCCACCCGCAGTTCGAGAAAGGTGGAGGTTCCGGAGGTGGATCGGGAGGTTCGGCGTGGAGCCACCCGCAGT
TCGAAAAATGAAAGCTTCCTAGGTCTAACTAGGAGATCCTAGAGGAAGTGTGGCCGAGCGGTTGAAGGCACCGGTCT
NCTAAACCGGCGACCCGAAAGGGTTCCAGAGTTCGAATCTCTGCGCTTCCGCCAAATTCGAAAAGCCTGCTCAACGA
GCAGGCTTTTTTGCATAAGCTTCCTAGTGGCAGCGGCTAACTAAGCGGCCTGCTGACTTTCTCGCCGATCAAAAGGC
ATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGCCCCGCATTGGCACCGGTCTACTAAACG
TTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTT
TTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTCGACAGTAGTGGCAGCGGCTAACTAAGCGGCCTG
CTGACTTTCTCGCCGATCAAAAGGCATTTTGCTATTAAGGGATTGACGAGGGCGTATCTGCGCAGTAAGATGCGCCC
CGCATTCACACAATGTAAGTATCAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTG
AAAAAGTGGCACCGAGTCGGTGCTTTTTTTAATTCGAAAAGCCTGCTCAACGAGCAGGCTTTTTTGGTCGACAGTTC
ATAGGTGATTGCGGATCCCGTCGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGA
GGAACTAAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTC
TGGACCGACCGGCTCGGGTTCTCCCGCGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCT
GTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGC
TGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAG
CAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTG
AGAGCTCGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGT
TGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACAGTAACAACTTATATCGTATGGGGCTGACTTCAGGTGCT
ACATTTGAAGAGATAAATTGCACTGAAATCTAGTAATATTTTATCTGATTAATAAGATGATCTTCTTGAGATCGTTT
TGGTCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCTTGCAGGGCGGTTTTTCGAAGGTTCTCTGAGCTA
CCAACTCTTTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCTTAACCG
GCGCATGACTTCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGTCTTTCCG
GGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACGGGGGGTTCGTGCATACAGTCCAGC
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TTGGAGCGAACTGCCTACCCGGAACTGAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACAC
CGGTAAACCGAAAGGCAGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCT
GTCGGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAAA 
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