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ABSTRACT

This review chronicles the development of the plant binary vectors of Ti plasmid in Agrobacterium tumefaciens during
the last 30 years. A binary vector strategy was designed in 1983 to separate the T-DNA region in a small plasmid from
the virulence genes in avirulent T-DNA-less Ti plasmid. The small plant vectors with the T-DNA region have been
simply now called binary Ti vectors. A binary Ti vector consist of a broad host-range replicon for propagation in 4.
tumeraciens, an antibiotic resistance gene for bacterial selection and the T-DNA region that would be transferred to the
plant genome via the bacterial virulence machinery. The T-DNA region delimited by the right and left border sequences
contains an antibiotic resistance gene for plant selection, reporter gene, and/or any genes of interest. The ColEI replicon
was also added to the plasmid backbone to enhance the propagation in Escherichia coli. A general trend in the binary
vector development has been to increase the plasmid stability during a long co-cultivation period of A. tumefaciens with
the target host plant tissues. A second trend is to understand the molecular mechanism of broad host-range replication,
and to use it to reduce the size of plasmid for ease in cloning and for higher plasmid yield in E. coli. The broad
host-range replicon of VS1 was shown to be a choice of replicon over those of pRK2, pRi and pSA because of the supe-
rior stability and of small well-defined replicon. Newly developed plant binary vectors pLSU has the small size of
plasmid backbone (4566 bp) consisting of VS1 replicon (2654 bp), ColE1 replicon (715 bp), a bacterial kanamycin (999
bp) or tetracycline resistance gene, and the T-DNA region (152 bp).
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1. Introduction by plant biotechnology campanies. Initial approaches of
gene transfer were to introduce a target gene into the
T-DNA region of Ti plasmid after either a single-(co-
integration) or double-homologous recombination be-
tween an intermediate vector (pRK290) and Ti plasmid
[7,8]. A binary plant vector strategy was designed to
separate the T-DNA region in a small plasmid from the
virulence genes in avirulent T-DNA-less Ti plasmid [9].
The small plant vectors with the T-DNA region have
been simply now called binary Ti vectors [10,11].

Agrobacterium tumefaciens is a Gram-negative soil bac-
terium and plant pathogen causing crown gall disease in
angiosperms and gymnosperms [1]. Agrobacterium-plant
interaction was one of the first model systems in which
the molecular mechanism for plant pathogenicity has
been elucidated in details [2,3]. About 20 kbp segment of
DNA (T-DNA) in a tumor-inducing plasmid (ca. 200 kbp
Ti plasmid) is transferred from the bacterium to the host
plan genome by a molecular machinery closely resem-
bling to a bacterial conjugal transfer [4-6]. The disease

phenotype is a manifestation of expression of bacterial
T-DNA genes in plant cells that is over-production of
two plant growth hormones, cytokinin and auxin.

This natural DNA transfer system has been exploited
to introduce genes of agronomic interest into plants which
resulted in the production of genetically modified crops
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2. Broad Host-Range Origin of Replication
from pRK2 of IncP-1 Incompatibility
Group

Almost all binary vectors used an origin of replication of
pRK?2 at the beginning of its application (Table 1). pRK2
is a large 56 kbp plasmid of incompatibility group P-1
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Table 1. Overview of plant binary Ti vectors listed based on the broad host-range replicons used for propagation in Agrobac-
terium tumefaciens and/or Escherichia coli.

Plant binary Ti E. coli Bacterial T-DNA borders

Vectors Year  Size in kbp Replicon! Mob? selection® (Right/Left) Plant selection gene at® Ref
1. IncP-1/pRK?2 origin of replication
a) pRK252 10.3 kb-based binary vectors;
pBinl9 1984 11.8 pRK2 Yes kan NPTIII nop pTiT37 nos:NPTIl:nos at RB 16
pAGS127 1985 15.0 pRK2 Yes tet oct pTiA6/Ach5 nos:NPTIl:ocs at RB 19
pBIl121 1987 14.7 pRK2 Yes kan NPTIII nop pTiT37 nos:NPTII:nos at RB 17
pBIG 1990 13.9 pRK2 Yes kan NPTIHII nop pTiT37 nos:NPTIl or HPT:G7 at RB 18
b) pRK290 20.0 kb-based binary vectors;
pOCA18 1988 243 pRK2 Yes tet oct pTi nos:NPTIl:ocs at LB 21
pJJ18si 1992 25.7 pRK2 Yes tet oct pTiA6/Ach5 nos:NPTIIl or HPT:ocs at LB 22
c) pTJS75 7.0 kb-based vectors;
pGA471 1985 15.6 pBR322 Yes tet nop pTiT37 nos:NPTIl:nos at RB 25
pTRA409 1992 115 pRK2 Yes tet oct pTil5955 tmE:NPTII:tml at RB 27
d) mini-RK2 replicon-based vectors;
pPCV001 1986 9.2 pBR322  Yes amp/chl pTiC58/B6S3 nos:NPTIl:ocs at RB 28
pCB301 1999 5.0 pRK2 No kan NPTIII nop pTiT37 nos:BAR:nos at LB 15
11. pRiHRI and ColEl origin of replication
pC22 1986 175 pBR322  Yes amp/str/spc oct pTiB6S3 nos:NPTIl:nos at RB 30
pCGN1547 1990 14.4 pBR322 Yes gent pPHLJI oct pTiA6 mas or 35S:NPTIl:mas ortmlat LB 31
I11. IncR/pSa origin of replication
pGreen0029 2000 4.6 pSa Yes kan NPTI nop pTiT37 nos:NPTII:nos at RB 32
pSoup 2000 9.3 pRK2 No tet no no 32
pCLEAN-G115 2007 6.0 pSa Yes kan NPTI nop pTi cons 35S:HPT:nos at LB 34
pCLEAN-S166 2007 111 pSa No tet nop pTi cons nos:HPT:nos at LB 34
1V. IncP/pVS1 and ColElI origin of replication
pPZP111 1994 11.8 pBR322  Yes chl nop pTiT37 35S:NPTII or aacC1:35S at LB 39
pPZP211 1994 11.9 pBR322 Yes str/spc nop pTiT37 35S:NPTII or aacC1:35S at LB 39
pCAMBIA 1995 115 pBR322 Yes kan NPTIHII nop pTiT37 35S:NPTII or HPT:35S at LB
pLSU2 2011 6.4 puUC18 No kan NPTI oct pTil5955 tmlI:NPTII or HPT:tml at LB 43
pLSU12 2011 6.9 puC18 No tet oct pTil5955 tmlI:NPTII or HPT:tml at LB 42

Note: 1: ColEl replicon derived from pBR322 or pUC18 was added to promote the propagation of binary Ti vectors in E. coli; 2: Mobilization (Mob) of binary
vectors assisted by pRK2013 from E. coli to A. tumefacience possible (Yes) or not possible (No) by triparental mating; 3: Bacterial selection by antibiotics:
chloramphenicol (chl), kanamycin (kan), gentamycin (gen), spectinomycin (spc), streptomycin (str), or tetracycline (tet). Neomycin PhosphoTransferase (NPTI)
gene confer the kanamycin resistance in bacteria; 4: The origin of T-DNA border sequences derived from either nopaline (nop) or octopine (oct) type Ti
plasmids, nopaline type Ti plasmid consensus border sequence (cons); 5: Plant-expressible selection marker genes, a promoter or terminator sequence derived
from nopaline synthase gene (nop), octopine synthetase gene (oct), manopine synthase gene (mas), Cauliflower Mosaic Virus 35S (35S) or Tumor Morphology
Large (tml) T-DNA gene. Bialaphos resistance (BAR) gene confers the herbicide glufosinate resistance. Gentamycin Acetyl Transferase (aacC1) gene confers
the gentamycin resistance in plants. Hygromycin PhosphoTransferase (HPT) coding regions confer the hygromycin resistance in plants. Neomycin Phos-
phoTransferase (NPTII) coding regions confer the kanamycin resistance in plants. Location of the plant selection marker gene proximal to either Left Border
(LB) or Right Border sequences (RB) was indicated.
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originally isolated from Kiebsiella aerogenes [12]. A
useful feature of P-1 replicon is an extensive host-range
among Gram-negative bacteria. pRK2 is replicated and
maintained in Esherichia coli, A. tumefaciens, Sinorhizo-
bium meliloti, Pseudomonas aeruginosa, and others spe-
cies. Smaller derivatives of pRK2 were generated such as
20.0 kbp pRK290, 11.0 kbp pTJS133, 10.3 kbp pRK252,
and 7.0 kbp pTJS75 [13]. Replication of pRK2 deriva-
tives requires 700 bp oriV and #rf4* region, and stable
maintenance of these plasmids requires additional re-
gions depending on species. For Agrobacterium, stable
maintenance of plasmid in a non-selective condition after
35 generations declined progressively from pRK2 (100%)
to pTJS133 (96%), pRK290 (89%), pTJS75 (57%) and
pRK252 (12%). The smallest pRK2 derivative pTJS75
has oriV, trfA*, oriT and tetracycline resistance. The
most stable derivative pTJS133 in Agrobacterium was
generated by addition of 3.1 kb region containing kor4
and korB to pTJS75. A separate plasmid pRK2013 con-
tains the pRK2 transfer genes, its own mobilization genes
and ColE1 replicon, and is used by tri-parental mating to
transfer pRK2 plasmids from E. coli to A. tumefaciens.
Thus, the major limitation of pRK2-derived plasmids to
be used for the binary vectors are the large multi-loci
required for replication and maintenance of plasmids
(11.0 kbp pTJS133). Another limitation is that the
smaller pRK2-derived plasmids (10.3 kbp pRK252, 7.0
kbp pTJS75 and 5.0 kbp mini-pRK2 replicon vector)
have been maintained less stably in Agrobacterium in
non-selective conditions [14,15].

2.1. pPRK252-Based Binary Vectors

A smaller pRK2 derivative 10.3 kbp pRK252 was the
backbone of a first binary vectors pBin19 (11.8 kbp) with
addition of Streptoccocus faecalis NPTIII gene for bacte-
rial kanamycin resistance, nopaline pTiT37 T-DNA bor-
ders, a plant selection marker nos:NPTII:nos, the a-
complementary region of p-galactosidase (lacZ’ locus)
for selection, and polylinker site from M13mp19 [16].
pBI121 (14.7 kbp) and other pBI constructs, and pBIG/
pBIB were based on pBin19 with addition of a new GUS
reporter gene 35S:GUS:nos [17,18]. pAGS127 (15.0 kbp)
has a pRK252 backbone with the T-DNA region consist-
ing of octopine pTiA6 right border and octopine pTiAch5
left border, a plant selection marker nos:NPTII:ocs, the
lac Z’ locus and polylinker, and cos site for a large DNA
fragment insertion [19].

2.2. pPRK290-Based Binary Vectors

pRK290 was the first pRK2-derived plasmid developed
for a shuttle vector between E. coli and S. meliloti to
study the genetic loci for nodulation and nitrogen fixa-
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tion of the nitrogen-fixing bacteria [12]. pRK290 was
also used as an intermediate vector to transfer a plant
gene for the bean seed storage protein phaseolin to T-
DNA of pTil5955 and then introduce the gene for ex-
pression in the genomes of sunflower and tobacco [8,20].
A binary vector pOCA18 (24.3 kbp) has the pRK290
backbone and the T-DNA region of octopine pTi right
and left borders, a plant selection marker nos:NPTII:0ocs,
and Acos site for insertion of DNA library of Arabidopsis
thaliana [21]. Similarly, pJJ1881 (25.7 kbp) has the
pRK290 backbone with octopine pTiA6 right border and
pTiAch5 left borders, a plant selection marker nos:
NPTII:ocs gene, polylinker, 35S:GUS or SPT:nos (SPT,
Streptomycin PhosphoTransferase), or maize transposons
Ac or Ds [22]. The pRK290-based pJJ1881 vector de-
rivative was shown to stably maintain DNA fragments
over 300 kbp in E. coli [23,24].

2.3. pTJS75-Based Binary Vectors

The plasmid pTJS75 was the smallest derivative (7.0 kbp)
of pRK2 and used to generate binary vectors pGA471
(15.6 kb) [25,26] and pTRA409 (11.5 kbp) [27]. The
vector pGA471 has nopaline pTiT37 right and left bor-
ders, a plant selection marker gene nos:NPTII:nos, Acos
site and ColEL1 replicon in T-DNA. The vector pTRA409
has the T-DNA with octopine pTil5955 right (with
overdrive) and left borders, a plant selection marker gene
tml:NPTII:tml and used to test promoter deletion mutants
of the bean seed storage protein phaseolin gene.

2.4. mini-pRK2 Replicon-Based Binary Vectors

The binary vector pPCV001 (9.2 kbp) has a conditional
mini-RK2 replicon (oriV and oriT) and can be main-
tained in Agrobacterium and E. coli only when co-ex-
isted in trans with the ¢rfand #ra loci in a helper plasmid
pRK2013 or in the E. coli chromosome [14]. The T-DNA
region of pPCV001 has nopaline pTiC58 right border
and octopine pTiB6S3 left border, a plant selection
marker gene nos:NPTIl:ocs, and pBR322 sequence for
plasmid rescue experiments [28,29]. The binary vector
pCB301 (5.0 kbp) was constructed by PCR cloning of a
mini-pRK replicon (oriV and trf4) and bacterial NPTIII
kanamycin resistance gene based on DNA sequence of
pBin19 [15]. The T-DNA region consists of nopaline
pTiT37 right and left borders, nos:BAR:nos plant selec-
tion marker gene (Bar, herbicide glufosinate) and pBlue-
Scriptll polylinker for cloning.

3. Agrobacterium rhizogenes pRi Origin of
Replication

Agrobacterium rhizogenes is a soil-living plant pathogen
causing hairy root disease. A large 200 kbp plasmid pRi
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has the T-DNA and virulence region and is responsible
for causing the disease phenotype. The origin of replica-
tion of pRi plasmid locates within the 8.1 kb BanHI-11
fragment and can stably coexist with the pTi origin of
replication in A. tumefaciens. The binary vector pC22
(17.5 kb) has the origin of replication of pRiHR1 and
ColE1, bacterial resistance gene for ampicilin/carbeni-
cillin or streptomycin/spectinomycin [30]. The T-DNA
region of pC22 consists of the right and left borders from
octopine pTiB6S3, a plant selection marker gene nos:
NPTII:nos, multi-cloning site (BamHI, Xbal) and the
Acos site for in vitro packaging of Arabidopsis thaliana
genomic library.

A second binary vector pCGN1547 (14.4 kb) also uses
the origin of replication of pRiRH1 and ColEl and a
bacterial resistance gene for gentamycin [31]. The
T-DNA region of the vector has the right and left borders
of octopine pTiA®6, a plant selection marker mas:NPTII:
mas, the lacZ’ locus and polylinker site from pUC18 for
clonig. The stability of binary vectors in Agrobacterium
was compared between plasmids with the origin of rep-
lication from pRi and pRK2, pCGN1547 and pBinl9,
respectively. pCGN1547 was much more stable than
pBinl9 and after 27 generations in non-selective condi-
tions 54% of Agrobacterium lost the pBinl19 while only
1% lost pCGN1547. Thus, the binary vectors containing
the pRi origin of replication has the major advantage in
stable maintenance, and a limitation in a low copy num-
ber of one or few in cells of Agrobacterium.

4. Broad Host-Range Origin of Replication
from pSa of IncR Incompatability Group

Wide-host-range origin of replication from pSa derived
from a cryptic mini-plasmid P15A in E. coli. The repli-
cation locus of pSa ori and rep region is one of the
smallest known naturally occurring replicons (2.3 kbp).
The replication regions were split into two separate
plasmids as two-component binary vector systems to
reduce the size of T-DNA-containing plasmids [32].
pGreen0029 (4.6 kbp) contains a bacterial kanamycin
resistance gene, pSa origin of replication, and the T-
DNA with nopalinepTiT37 right (with overdrive) and left
borders, and a plant selection marker nos:NPTII:nos. The
suplementary plasmid pSoup (9.3 kbp) has a bacterial
tetracycline resistance gene and pSa rep region. pSoup

must co-exist in Agrobacterium for replication of pGreen.

This two-component binary vector system was used to
construct LucTrap vectors to generate transcriptional and
translational fusion of the firefly luciferase reporter to
randomly targetted genes [33]. The stability of binary
vectors in Agrobacterium was compared between plas-
mids with the origin of replication from pSa and pRK2,
pGreen000 and pBinl9, respectively. pGreen000 was
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less stable than pBinl19 and after one-day in non-selec-
tive conditions 50% of Agrobacterium lost the pGreen000
plasmid. Thus, the stable maintenance of pSa-repicon-
containing binary vectors in Agrobacterium is the major
limitation for its use when required for a long co-culti-
vation period of over two days.

A new version of the two-component binary vector
system, pCLEAN-G and pCLEAN-S corresponds to
pGreen and pSoup, respectively [34]. A new feature is
that both plasmids have the T-DNA region delimited by
nopaline pTi consensus right and left borders. The
T-DNA of pCLEAN-G115 (6.0 kbp) has a plant selection
marker gene 35S:HPT:nos, lacZ’ selection and poly-
linker. Supplementary pCLEAN-S166 (11.1 kbp) has a
different selection marker nos:HPT:nos in T-DNA (HPT,
Hygromycin Phospho Transferase).

5. Broad Host-Range Origin of Replication
from pVSL1 of IncP Incompatability Group

pVS1 is a non-conjugative 29 kbp plasmid of IncP in-
compatibility group isolated from Psuedomonas aerugi-
nosa. The plasmid was found to replicate in a wide-range
of gram-negative bacteria including other Pseudomonas
species (P. syringae, P. putida) as well as in 4. tumefa-
ciens and S. leguminosarun, but not in E. coli [35]. A
pVS1 derivative pME290 contains a 3.7 kbp region for
replication and stability gene [36].

Another pVS1 derivative pGV910 contains an 8 kbp
fragment for the stability, replication and mobilization
gene [37]. The stability of pGV910 in A. tumefaciens
GV3101 was compared with that of pRK2 replicon-con-
taining pRK290 [37]. pGV910 was much more stable
than pRK290 and after 15 generations in non-selective
conditions only less than 0.5% lost pGV910 while 26%
of Agrobacterium lost the pRK290. Plasmid pVS1 was
found compatible with IncP-1 and IncP-4 replicons. Co-
existence of pGV910 and pRK290 appeared to increase
the stability of pRK290 and after 16 generations in non-
selective conditions only 12% of Agrobacterium lost
pRK290.

The origin of replication of pVVS1 was defined to a 3.1
kbp fragment for stad, ORF3, repA and oriV by sequence
analysis, mutagenesis and maintenance assay in P. fluo-
rescens [38]. The coding region of StaA (209 codons)
contains two ATP-binding sites and motifs typical of a
partitioning protein and is essential for segregational sta-
bility. The ORF3 (71 codons) has no apparent similarity
with other known proteins but deletion and mutational
studies showed the ORF3 is important for segregational
stability. The RepA protein with 357 codons shares a
strong similarity with other RepA proteins. Mutation
from Alay,s t0 Valye increased the plasmid copy number
from 5.9 to 13.8 copies per chromosome, mutation from
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Aspago to Ashygg reduce the copy number. The oril locus
has the typical sequence organization of origin of repli-
cation, a DnaA box, four direct repeats of 21 bp each, an
AT-rich region, and a second DnaA box.

The backbone of binary Ti vector pPZP plasmid is the
3.8 kb fragment of pVS1 origin of replication and the 1.1
kb ColE1 replicon and bom site from pBR322 [39].
pPZP111 (11.8 kb) has the T-DNA region consisting of
nopaline pTiT37 right and left borders, a plant kanamy-
cin or gentamycin resistance gene 35S:NPTII or aacC1.:
35S, respectively, lacZ’ selection and polylinker from
pUC18. pPZP111 has a bacterial chloramphenicol resis-
tance gene from pBR325, and pPZP211 (11.9 kb) has a
bacterial streptomycin/spectinomycin resistance aadA
gene, encoding aminoglycoside-3’-adenyltransferase.

Presently, a series of pPCAMBIA plasmids (9.0 kbp)
are among the most widely utilized binary Ti vectors
(Genbank accession numbers AF234290-AF234316).
The plasmids have the same backbone of pPZP plasmids
and their sizes are either 6.2 or 6.4 kb with a bacterial
kanamycin or chloramphenicol resistance genes, respec-
tively. The T-DNA region is delimited by the nopaline
pTiT37 right (with overdrive) and left border sequences.
Two types of plant selection marker are available as ei-
ther the kanamycin or hygromycin resistance gene, 35S:
NPTII or HPT:35S, respectively. Two S-glucuronisase
reporters are provided, GUS from E. coli (gusA™°) or
GUSPlus from Staphylococcus sp. (gusA*¥). A second
reporter green fluorescent protein is also available either
as by itself (gfp) or fusion genes with GUS (gusA*“:gfp
or gfp:gusA™). The lacZo selection with multi-cloning
sites for insertion was derived from either pUC18, 8 or 9.

Modular binary Ti vectors pMODUL and pSAT were
developed based on pZP200 (6.7 kbp) as a backbone of
the vectors [40,41]. The pMODUL vectors took advan-
tage of use of low frequency-occurring enzymes, 13
hexanucleotide and 6 ocatanucleotide restriction sites,
and 5 homing endonuclease sites to construct six differ-
ent expression units in a single construct. Modular pSAT
vectors also used 6 octanucleotide restriction endonucle-
ases and Gateway recombination cloning sites for modu-
lar assembly of N- and C-terminal fusions to five differ-
ent autofluorescent tags [enhanced green (EGFP), yellow
(EYFP) and cyan fluorescent proteins ECFP), red auto-
fluorescent protein (DsRed?2), and reduced chloride-ion-
and pH-sensitivity yellow fluorescent protein (Citrine-
YFP)].

Most recently, a series of smaller high-yielding binary
Ti vectors pLSU were constructed to increase the cloning
efficiency and plasmid yield in E. coli and A. tumefaciens
[42-44]. The size of the binary vector backbone pLSU1
was reduced to 4566 bp with ColE1 replicon (715 bp) for
E. coli and VS1 replicon (2654 bp) for A. tumefaciens, a
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bacterial kanamycin resistance gene (999 bp), and the
T-DNA region (152 bp) (Figure 1). The binary Ti vec-
tors with the truncated VS1 replicon were stably main-
tained with more than 98% efficiency in A. tumefaciens
without antibiotic selection for four days of successive
transfers. The transcriptional direction of VS1 replicon
can be the same as that of ColE1 replicon (co-directional
transcription), or opposite (head-on transcription) as in
the case of widely used vectors (pPZP or pCambia). The
new pLSU vectors with co-directional transcription
yielded in E. coli up to four-fold higher transformation
frequency than those with the head-on transcription. In A4.
tumefaciens the effect of co-directional transcription is
still positive in up to 1.8-fold higher transformation fre-
quency than that of head-on transcription. Transforma-
tion frequencies of new vectors are over six-fold higher
than those of pCambia vector in A. tumefaciens. DNA
yields of new vectors were three to five-fold greater than
pCambia in E. coli. Figure 2 illustrates the composition
of T-DNA in pLSU1 to 5. pLSUL1 is a basic backbone
vector with the twelve common restriction sites in T-
DNA. pLSU2 and 3 have the kanamycin resistance
NPTII gene as a plant-selectable marker. pLSU4 and 5
contain the hygromycin resistance HPH gene as a plant-

EV SpHIIINc Xh K EIBH P Sc Xb Sa
A

Il 1 1 Il 1 1 1 1 1 1 Il

Figure 1. Schematic presentation of backbone structure of
binary Ti vector pLSU1 (4566 bp). T-DNA is at the top of
figure delimited by the right (RB) and left border (LB) with
12 common restriction endonuclease sites, EcoRV (EV),
Sphl (Sp), Hindlll (HII), Ncol (Nc), Xhol (Xh), Kpnl (K),
EcoRI (EI), BamHI (BH), Pstl (P), Scal (Sc, Xbal (Xb), and
Sacl (Sa). The backbone plasmid include the Neomycin
PhosphoTransferase I (NPTI), ColE1 origin of replication
(ColE1), Stability region A (StaA), Replication region A
(RepA), and VS1 origin of replication (VS1).
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pLSU-3: EB—

LB HPH RB
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SphI  Ncol Kpnl BamHI Scal Sacl
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EcoRVHindIIl Xhol EcoRI Pstl  Xbal
GUS RB
GUS RB

HPH

LB
pLSU-5:

o

Figure 2. Schematic presentation of the T-DNA region of binary Ti vectors pLSU1 to 5. pLSU1 is a basic backbone vector
with the twelve common restriction sites in T-DNA. pLSU2 and 3 have the Neomycin PhosphoTransferase 11 gene (NPTII)
adjacent to the left border as a plant selection marker for kanamycin resistance. pLSU4 and 5 contain the Hygromycin B
Phosphotransferasae gene (HPH) adjacent to the left border as a plant selection marker for hygromycin resistance. pLSU3
and 5 also include the g-glucuronidase reporter gene (GUS) in addition to the plant selection marker in the T-DNA.

selection marker. pLSU3 and 5 also have the GUS re-
porter gene in addition to the plant-selectable marker.

To be compatible with the Gateway Technology (Invi-
trogene), pLSU vectors were modified to include a bac-
terial tetracycline-resistance gene [42]. The size of the
tetracycline resistance gene TetC from pBR322 was re-
duced to 1468 bp containing 1191 bp of the coding re-
gion, 93 bp of 5 upstream, and 184 bp 3’-downstream
region. The final size of basic binary vector backbone
pLSU11 is 5034 bp. pLSU12 and13 have the kanamycin
resistance NPTIl gene as a plant selection marker.
pLSU14 and 15 contain the hygromycin resistance HPH
gene as a plant-selectable marker. pLSU13 and 15 also
have the g-glucuronidase (GUS) reporter gene in addition
to the plant selection marker. Constructed also was a
mobilizable version of tetracycline-based binary Ti vec-
tor pLSU16 in which the mob function of ColE1 replicon
was maintained for mobilization of the binary vector
from E. coli t0 A. tumefaciens by tri-parental mating. The
final size of binary Ti vector backbone pLSU16 is 5580
bp.
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