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Abstract Alfalfa is the most important forage legume

worldwide. However, similar to other minor forage crops,

it is usually harvested along with weeds, which decrease its

nutrient quality and thus reduce its high value in the mar-

ket. In addition, weeds reduce alfalfa yield by about 50 %.

Although weeds are the limiting factor for alfalfa produc-

tion, little progress has been made in the incorporation of

herbicide-tolerant traits into commercial alfalfa. This is

partially due to the high times and costs needed for the

production of vast numbers of transgenic alfalfa events as

an empirical approach to bypass the random transgenic

silencing and for the identification of an event with optimal

transgene expression. In this focus article, we report the

complete sequence of pPZP200BAR and the extremely

high efficiency of this binary vector in alfalfa transforma-

tion, opening the way for rapid and inexpensive production

of transgenic events for alfalfa improvement public

programs.

Keywords pPZP200BAR � Complete sequence � Binary
vector � Alfalfa � Transformation

Introduction and aims

The first binary vectors used antibiotic resistance cassettes

(e.g., kanamycin and hygromycin) for efficient selection of

transformed plant tissues. However, hypothetical lateral

transfer of antibiotic resistance genes from transgenic

plants to pathogenic bacteria have generated a strong

public opinion against using antibiotic markers to produce

transgenic crops (Tuteja et al. 2012). In this context, the

bialaphos resistance (BAR) gene, originally cloned from

Streptomyces hygroscopicus (Thompson et al. 1987), has

been introduced into t-DNA of binary vectors as a non-

antibiotic-selectable completely innocuous marker for both

plant transformation and tolerance to the broad-spectrum

non-systemic herbicide glufosinate (Liberty� Bayer Crop

Science). Although binary vectors harboring the BAR gene

have been used to produce transgenic plants, little is known

of their molecular and functional characteristics, including

detailed sequence and transformation efficiencies (Meek

2011). This limits the insertion of novel genes into t-DNA

regions by endonucleases and the production and identifi-

cation of events with potential biotechnological

applications.

Due to the differential transcriptional and post-tran-

scriptional transgene silencing in independent transgenic

lines generated with the same binary vector, a vast number

of events have to be screened to identify events showing

high-level, constitutive and ubiquitous expression of the

transgene (Schubert et al. 2004). This constraint is partic-

ularly hard in the case of alfalfa (Medicago sativa), the

most important forage legume worldwide. For example, the

identification of J101 and J163 alfalfa events with optimal

glyphosate tolerance needed the production of thousands of

transgenic events containing the same binary vector (PV-

MSHT4) and the subsequent transgenic trait analysis of this
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huge event library under field conditions (Rogan and

Fitzpatrick 2004). In fact, currently, the only genetically

modified alfalfa in the world market is Roundup Ready�

alfalfa (alfalfa-RR), even though this important legume

species has been transformed by Agrobacterium for over

25 years (D’Halluin et al. 1990). Unfortunately, the

extensive use of glyphosate herbicides has generated a

strong selection pressure for the emergence of glyphosate-

tolerant weeds (Heap 2014), dramatically reducing the

protein content and forage yield in alfalfa-RR, and thus

showing the relevance for the rapid production of alterna-

tive herbicide-tolerant alfalfa cultivars to weed control

(Rubiales 2014).

The production of vast numbers of transgenic events, as

an empirical approach to bypass random transgene silenc-

ing, significantly increases the time and cost of develop-

ment of efficient transgenic events, restricting the

production and commercialization of transgenic alfalfa to

international consortia. Moreover, it is expected that the

common public studies do not provide solutions to this

specific biotechnological problem because the expression

levels of transgenes in alfalfa are usually sufficient for

functional characterizations of novel genes (Garcia et al.

2014; Soto et al. 2011).

In this focus article, we report the complete sequence of

the binary vector pPZP200BAR, which has been used for

tobacco and potato transformations (Laguia-Becher et al.

2010; Rivero et al. 2012), and its extremely high efficiency

in alfalfa transformation, opening the way for rapid and

inexpensive production of transgenic events for alfalfa

improvement public programs.

Materials and methods

To determine the complete sequence of the binary vector

pPZP200BAR (CICVyA-INTA), a genomic walking anal-

ysis was performed starting with the primers bar1 (50-TG
CACCATCGTCAACCACT-30) and bar2 (50-ACAGCCA
CCACGCTCTTGAA-30), designed against the coding

sequence of the BAR gene. Sequences were aligned,

assembled, and analyzed by using Bioedit Sequence

Alignment Editor CAP (Hall 1999). All sequencing reac-

tions were performed at Unidad de Genómica, Instituto de

Biotecnologı́a, CICVyA, INTA, Argentina. The complete

sequence of pPZP200BAR has been deposited at GenBank

under the accession number KX227611.

The alfalfa plants used in this study were the regener-

ative clone C2–3 (Garcia et al. 2014). Binary vectors har-

boring the BAR gene for glufosinate tolerance

(pPZP200BAR, pGSFR761A, pGSFR780A, pBG-1 and

pBL-1) were introduced into Agrobacterium tumefaciens

LBA 4404 by electroporation (Shen and Forde 1989).

Petioles of the alfalfa clone C2–3 were transformed with

ColE1 (3103..3691)

pPZP200BAR
7937 bp

ParA (6122..6751)

RepA (4621..5727)

SR (7050..7736)

Strep/SpecR (1927..2779)

LB (1519..1543)

tNOS (1189..1441)

BAR gene (619..1170)
TMV Ω (619..1170)

pNOS (334..513)

SmaI
 (232)

BamHI 
(225)

XbaI 
(219)

SalI 
(213)

PstI 
(211)

HindIII 
(195)

RB (114..138)

t-DNA 
(114..1543)

Fig. 1 Schematic representation of the pPZP200BAR binary vector.

pPZP200BAR is 7937 bp in length and its GenBank accession

number is KX227611. The right border (RB), a multiple cloning

site (MCS) with unique restriction sites for HindIII, PstI, SalI,

XbaI, BamHI and SmaI, nopaline synthase promoter (pNOS), the

50-untranslated region of RNA of tobacco mosaic virus (TMV X), the

BAR gene, nopaline synthase terminator (tNOS), and the left border

(LB) within the t-DNA region are shown. Gene orientation is

indicated by arrows. SR serine recombinase, RepA replication protein

A, ParA partitioning protein, ColE1 origin of replication from

Escherichia coli, Strep/SpecR cassette for tolerance to streptomycin

and spectinomycin in E. coli and Agrobacterium tumefaciens
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these binary vectors via A. tumefaciens and cultured

in vitro, as we have previously described (Garcia et al.

2014), but placing kanamycin by 2–10 mg/l glufosinate in

the selection/induction SHK medium. Alfalfa transgenic

events were propagated by cuttings to increase the biomass

available for molecular and phenotypic characterizations.

Glufosinate-tolerant plants derived from different calluses

were considered independent events. Expression of the

transgenic trait (herbicide tolerance) in transgenic plants

was corroborated by three applications 1.25 mg/l glufosi-

nate (Liberty� Bayer Crop Science) as previously descri-

bed (Montague et al. 2007). Genomic DNA of transgenic

plants was isolated from leaf tissue with the DNeasy plant

mini kit (Cat. # 69104, Qiagen). Transgenic plants were

identified by PCR with the above described primers bar1

and bar2, under the following PCR conditions: 1 cycle at

94 �C for 5 min, 34 cycles of 94 �C for 1 min, 60 �C for

30 s and 72 �C for 1 min, and a final extension of 72 �C for

5 min. PCR reactions were performed with Taq (Cat. #

11615010, Invitrogen).

Findings

The complete sequence of the pPZP200BAR binary vector

was determined (Fig. S1) and deposited at GenBank, with

accession number KX227611. The vector pPZP200BAR is

7937 bp in length and has a GC content of 56.29 %

(Fig. 1). The t-DNA region (1432 bp) contains the right

border (RB), a multiple cloning site (MCS) with unique

restriction sites for HindIII, PstI, SalI, XbaI, BamHI and

SmaI, which were confirmed by endonuclease analysis

(Fig. S2), a complete cassette for tolerance to glufosinate in

planta, and the left border (LB) (Fig. 1). The

selectable marker cassette for plant transformation includes

the nopaline synthase promoter (pNOS), the 50-untranslated
region of RNA of tobacco mosaic virus (TMV X), the BAR
gene, and the nopaline synthase terminator (tNOS) (Fig. 1).

pPZP200BAR also contains three ORFs that showed sim-

ilarity to proteins associated with DNA transfer (ParA,

RepA and SR) and a cassette for bacterial resistance to both

streptomycin and spectinomycin (Strep/SpecR) (Fig. 1;

Table S1). In contrast to the non-sequenced vectors

pGSFR761A, pGSFR780A, pBG-1 and pBL-1 carrying the

BAR gene and used for alfalfa transformation (Montague

et al. 2007; White et al. 1990), pPZP200BAR has a small

total size, a broad MCS and a small t-DNA region

(Table S2), making it a binary vector easy to manipulate.

Previous to alfalfa transformation using pPZP200BAR,

the natural tolerance of the regenerative alfalfa clone C2–3

to glufosinate was analyzed. A strong inhibition of regen-

eration was observed at concentrations of 2 mg/l of glu-

fosinate and higher; therefore, 2, 5 and 10 mg/l were

chosen as concentrations for in vitro selection in the C2–3

alfalfa clone. Similar results have been previously reported

by other authors for the regenerable Regen-S (D’Halluin

et al. 1990) and RSY27 (Montague et al. 2007) alfalfa

genotypes, suggesting that 2 mg/l of glufosinate is a gen-

eral limitation for alfalfa tissue regeneration. In addition,

the alfalfa transformation efficiency of pPZP200BAR was
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Fig. 2 Efficiency of

pPZP200BAR in alfalfa

transformation. Alfalfa

transformation efficiency of

different vectors harboring the

BAR gene, including the binary

vector pPZP200BAR, expressed

as percentage of transgenic

plants. Statistical analysis was

carried out with ANOVA

followed by Dunnett’s contrast

test comparing control binary

vectors (1) pBG-1, (2) pBL-1,

(3) pGSFR761A, (4)

pGSFR780A with (5)

pPZP200BAR (***p\ 0.001,

**p\ 0.01). All values are

mean ± SEM, n = 3

independent transgenic libraries,

where each library contains 100

events
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compared with that of pGSFR761A, pGSFR780A, pBG-1

and pBL-1. As previously reported in the Regen-S clone,

pBG-1 showed higher transformation efficiencies than

pBL-1 in the C2–3 genomic context (Fig. 2). In addition,

pGSFR780A showed higher transformation efficiencies

than pGSFR761A in the C2–3 clone, the same pattern as

that previously observed in the RSY27 background

(Fig. 2). Importantly, the use of pPZP200BAR produced

significantly higher transformation efficiencies than the

control vectors pGSFR761A, pGSFR780A, pBG-1 and

pBL-1, at all the glufosinate concentrations tested (Fig. 2).

Conclusions and perspectives

In this short communication, we presented the complete

sequence of pPZP200BAR, a small binary vector contain-

ing an innocuous marker for both plant transformation and

tolerance to the herbicide glufosinate and a high-quality

MCS, preventing the perceived risks of antibiotic resis-

tance cassettes and allowing the introduction of additional

genes into plants. Importantly, we here demonstrated the

extremely high efficiency of this binary vector in alfalfa

transformation, minimizing the time and cost of production

of alfalfa event libraries, a critical constraint for the

development of commercial transgenic alfalfa, which can

only be financed by international consortia. Finally, we

propose the use of pPZP200BAR for the rapid and inex-

pensive incorporation of different herbicide-tolerant traits

into alfalfa in public breeding programs for long-term weed

control.
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