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SUMMARY

The specie Salicornia bigelovii (Chenopodiaceae)
is a halophyte with promising biological and commercial
value as a natural resource from arid zones. However,
its productivity depends on the nitrogen supply. Nitrogen
fixation by bacteria associated with the roots of S.
bigelovii is a determinant source of available nitrogen.
However, the diversity in Salicornia’s rhizosphere is
unknown. In order to increase the knowledge of the
bacterial diversity associated with the S. bigelovii
rhizosphere, polymerase chain reaction (PCR) and single-
strand conformation polymorphism (SSCP) analysis was
performed. This study was conducted in La Paz, BCS,
Mexico. A random sample of 25 S. bigelovii plants at
the flowering stage was collected from 6 areas along
the coastal line of La Paz Bay in the southern portion of
the Baja California Peninsula. DNA extractions of
bacterial DNA through amplification (PCR) of the 16S
rDNA, SSCP-profiles analysis, isolation of selected
bands of SSCP-profiles, cloning, and sequences were
carried out. The SSCP technique reflected the bacterial
composition evidencing the available diversity and also
the dominant populations. The results obtained reflect
the presence of Rhizobium spp. and Bacillus spp. This
is the first report of these microorganisms associated

with S. bigelovii, a novel halophyte crop. Further studies
on diversity of the microbial community in the Salicornia
bigelovii rhizosphere are required to clarify and describe
this ecological association under saline conditions.

Index words: plant growth-promoting bacteria
(PGPB), biofertilizer, soil ecology.

RESUMEN

La especie Salicornia bigelovii (Chenopodiaceae)
es una halófita con un promisorio valor biológico y
comercial en zonas áridas. Sin embargo, su productividad
depende de la aportación de nitrógeno. La fijación de
nitrógeno por bacterias asociadas a la raíz de S. bigelovii,
es una fuente determinante para disponer de nitrógeno.
Sin embargo, la diversidad de estos microorganismos en
Salicornia se desconoce. Por lo anterior, el objetivo del
presente trabajo consistió en conocer la comunidad
bacteriana, asociada a la rizósfera de S. bigelovii,
mediante la técnica de reacción en cadena de la
polimerasa (PCR) y la técnica de conformación
polimórfica de cadena simple (SSCP). El estudio fue
desarrollado en Bahía de La Paz, BCS México, mediante
un muestreo al azar de 25 plantas de S. bigelovii en
etapa fenológica de floración, las cuales fueron
colectadas de 6 áreas del sistema costero. Se realizaron
extracciones de ADN de la población bacteriana a través
de amplificación por PCR del 16 S rDNA, análisis
mediante SSCP, aislamiento de bandas seleccionadas
de SSCP, clonación y, secuenciación. Los resultados
mostraron que la técnica SSCP evidencia una diversa
composición bacteriana con poblaciones dominantes de
las cuales los resultados obtenidos indican la presencia
de Rhizobium spp. y Bacillus spp. Este es el primer
informe de este tipo de microorganismos asociados a S.
bigelovii. Estudios relacionados con la diversidad
microbiana en rizósfera de Salicornia bigelovii deben
ser desarrollados para clarificar y describir las
asociaciones ecológicas presentes bajo condiciones de
salinidad.
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INTRODUCTION

Halophytes, particularly Salicornia bigelovii
(Chenopodiaceae), are promising plant resources in arid
coastal zones because they are able to tolerate high saline
conditions. Such salt-adapted plant resources are
commonly found along coastal plains (Glenn et al., 1991).
These important plants hold the potential to be
incorporated into traditional agriculture to help support
the agricultural economy in coastal areas (Glenn et al.,
1995). In the states of Baja California Sur and Sonora,
Mexico, S. bigelovii is widely distributed along the
coasts. It has been suggested elsewhere that this
halophyte has real prospects for commercial exploitation
(Glenn et al., 1994; Troyo et al., 1994). However, in the
southern part of these states, halophyte productivity is
limited by a lack of available nitrogen. This condition
affects growth, reproduction, and nutrient nitrogen levels
within the plant biomass (Rueda et al.,  2004).
Traditionally, to solve soil nitrogen deficiency, farmers
apply synthetic fertilizers, such as urea, ammonium
sulfate, and others. However, their indiscriminate use
severely damages soil microbiological flora (Banwari and
Rao, 1990; Al-Nahidh and Gomah, 1991; Akhavan et al.,
1991), and also gradually increases the level of soil salinity.

Another option to improve the availability of nitrogen
is the use of plant-growth-promoting-bacteria (PGPB),
which are gaining acceptance worldwide; a large number
of bacterial strains have been isolated and evaluated
primarily for improving plant growth (Kloeper et al.,
1991). Strains that fail to demonstrate a positive effect
or that induce a negative plant response are routinely
discarded and their negative effects are seldom reported
(Nehl et al., 1997).

These strains can be beneficial or harmful (Nehl
et al., 1997), saprophytic becoming pathogenic by
changing the host, or any of these under different
microbe-host relationships (Pimentel et al., 1991). Some
strains may exhibit beneficial effects on one plant species
but may exert harmful or variable effects on others
(O’neil et al., 1992). Because of the variability in strain’s
features, some of the groups or strains do not hold
properties that enhance growth in some plant species.
In this sense, it becomes relevant to know what kind of
bacterial population is present in the plant rhizosphere
to isolate them for inoculation in other individuals or

populations of the same species. For multiple
environmental and economic purposes, it is important to
increase the populations of salt-tolerant, nitrogen-fixing
bacteria (Zahran, 1999), so that potential novel crops,
such as Salicornia bigelovii, which has already been
considered a new plant resource in arid region agriculture
(Bashan et al., 1992), can thrive.

Few studies on soil ecology and bacterial diversity
within the rhizosphere of salt marsh plants are known
and available. In previous studies, one nitrogen fixing
bacterium was isolated from Salicornia bigelovii
rhizosphere through conventional techniques, using an
N-free media: OAB (Reinhold et al., 1987) and Rennie’s
medium (Rennie,  1981), evidencing Klebsiella
pneumoniae as a potential plant-growth-promoting-
rhizobacterium (Rueda et al., 2003; 2004). Other
reported studies were limited to the study of mycoflora,
mainly S. europaea (Ito et al., 1999).

This work focused on the composition of the natural
bacterial diversity inhabiting the rhizosphere of the
halophyte Salicornia bigelovii, by means of the single-
strand conformation polymorphism (SSCP) technique.

MATERIALS AND METHODS

Microbial DNA Isolation

Plant and soil samples of 26 plants were collected
at flowering stage from six areas along the southern
shore of La Paz Bay, in Baja California Sur, northwest
Mexico, 17 km west of La Paz City (sample 1: Latitude
24° 8’ 16.36” N, Longitude 110° 25’ 33.92” O; sample 2:
Latitude 24° 8’ 14.05” N, Longitude 110° 25’ 32.19” O;
sample 3: Latitude 24° 7’ 55.56” N, Longitude 110° 25’
8.10” O; sample 4: Latitude 24° 7’ 50.44” N, Longitude
110° 25’ 12.44” O; sample 5: Latitude 24° 7’ 48.88” N,
Longitude 110° 25’ 6.31” O; sample 6: Latitude 24° 7’
30.17” N, Longitude 110° 25’ 15.36” O).

Conventional soil and plant physical-chemical
analysis were conducted to determine texture class (using
Bouyoucos densimeter), organic matter concentration
(by titration with ferrous sulfate) salinity of saturated
paste (using the Weatston electrical conductivity bridge),
sodium balance expressed as SAR (numerical
calculation of the sodium adsorption relationship
parameter, quantifying Ca2+ and Mg2+ by EDTA method),
and the concentration of major nutrients through
bromatological analysis. The general characteristics
of the soil present in the six areas sampled are cited in
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Table 1. La Paz Bay has different geographical and
climatic conditions. The Bay area and the coast are
desert, warm (19 ± 4 °C) in the summer and cool in
winter (10-17 °C). During the year, precipitation is low
(3 mm in February, 5 mm in August and 28 mm
in September).

Samples were placed in black plastic bags to prevent
an increase in saprophytic microorganisms and labeled
with date and location of collection. During the collection
process, plants were kept on on ice in a recipient for
five hours and then processed at Microbiol and Ecology
Lab in the “Centro de Investigaciones Biológicas del
Noroeste, S. C.” in order to obtain microbial DNA
associated with the salicornia rhizosphere . Roots were
washed carefully with saline solution at 0.85% of NaCl
to detach the adhered soil, avoiding possible damage to
the lateral roots. Roots were cut into fragments of 2, 3
and 4 cm. The root pieces were placed in tubes containing
20 mL of NaCl (0.85%) and centrifuged at 5000 g for
3 min at 4 °C, to separate roots from the cellular
microbial package according to Ausubel et al. (2002).
The bacterial cell pellets were lysed with five subsequent
cycles of freeze-thawing in liquid nitrogen followed by
proteinase K (16 mg mL-1) and incubated at 65 °C during
7 min. From the tubes, 8 mL were taken and settled in
20 mL Eppendorf tubes, to which 800 µL of alcohol
phenol - chloroform isoamylic (25:24:1) was added.

The floating particles were removed at 269 g during
10 min at 4 °C. The top phase (600 µL) was transferred
to 1.6 mL Eppendorf tubes, and 600 µL of
chloroform:isoamylic alcohol (24:1) were added and
centrifuged at 10 700 g during 5 min at 4 °C (Ausubel
et al., 2002). Again, from the top phase of the tubes,
600 mL were transferred to other Eppendorf tubes, and
600 mL of iso-propanol or cold methanol were added.
Tubes were kept at -20 °C during 24 h; then they were
centrifuged at 19,810 g during 7 min. The tubes were
placed on a table during 30 min to evaporate the alcohol.
Finally, the DNA obtained was homogenized in 10 µL of
buffer solution (TE) at pH 8 (Ausubel et al., 2002).

Once we obtained the microbial DNA, the SSCP
technique was carried out according to Tebbe et al.
(2001), which consisted in the PCR amplification of a
specific region of the 16S rRNA gene using initiators
(primers) non-phosphorilated and phosphorilated (Primer
name Com1: CAG CAG CCG CGG TAA TAC; targeted
microorganisms: bacteria; targeted regions of SSU rRNA
gene: Variable region 4 and Variable region 5 (˜ 407 bp
size of amplification product). A digestion of

the phosphorilated strand was performed by means of
the enzyme exonuclease (LAMBDA) in order to obtain
simple strands. Electrophoresis was then developed in
an acrylamide gel (MDE 2X). Electrophoresis was
carried out at 20 °C with 400 V during 16 h. Positive
bands from known microorganisms, such as Bacillus
liquenifornis, Rhizobium trifolli, Flavobacterium
jashmoniae and Agrobacterium tumefasciens, were
considered. Bands were revealed by the method of silver
staining (Bassam et al., 1991). For the staining procedure
we used cleaned stainless steel trays (18 / 8). The gel,
attached to the cover glass, was transferred into a tray
filled with 10% aqueous acetic acid solution and incubated
for 30 min at room temperature with slow shaking (0.05 g)
for fixation. The solution was then removed and the gel
was washed for 5 min in distilled water. The washing
procedure was repeated, and then the staining solution
(1 g silver nitrate, 1.5 mL 37% formaldehyde [v/v] in
1 L of twice distilled water) was added. Gels were
protected from light by a lid and incubated under slow
shaking for 30 min at room temperature. The staining
solution was removed and the gel was rinsed with double
distilled water for 10 s. Then the gel was transferred to
another tray and, in order to remove remnants of the
staining solution, was washed with a small amount of
developing solution [56.3 g sodium bicarbonate (deca-
hydrate), 2 mL formaldehyde (37% v/v), and 1 mL
sodium thiosulfate (0.2% v/v stock solution) in 1 L of
water, stored at 8 °C] for 20 s.

Afterward, the gel was incubated in fresh developing
solution with slow shaking at room temperature. The
staining of DNA was observed and, when the patterns

Table 1. Recorded values for edaphic variables in a Salicornia
sampled areas near La Paz, BCS, Mexico.

Variable Unit Minimum Maximum Mean

pH 8.08 8.59 8.33

Organic matter % 0.11 1.38 0.74
Electrical 
conductivity dS m-1 12.20 22.00 17.10

Sodium adsorption 
ratio 

14.22 29.40 21.81

Sodium (Na+) meq L-1 110.00 190.70 150.35
Potassium (K2O) kg ha-1 222.00 774.00 498.00

Calcium (Ca2+) meq L-1 50 50 50

Magnesium (Mg2+) meq L-1 55 155 105
Phosphorous (P2O5) kg ha-1 50.00 54.00 52.00

Total nitrogen % 0.03 0.06 0.03
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become clearly visible, the developing procedure was
stopped by transferring the gel to another tray filled with
acetic acid solution (10% v/v).

Cloning-Sequence and Analysis of DNA Sequence

For sequence analysis, selected bands of the SSCP-
profiles were cut from dried gel matrices and DNA was
recovered. In this study we considered only seven bands
that appeared on all samples but with different intensities,
in order to have the most representative of the Salicornia
rhizosphere. In this stage, the thick, narrow bands are
evidence of criteria for selecting bands. For this study
we considered thin and faint bands, since these appeared
to be the ones that could provide us information about
new microorganisms and how a bacterial population can
be constituted (Castellanos, 2002).

The isolated bands were re-amplified by PCR (Tebbe
et al., 2001). Selected bands of SSCP-profiles were cut
with a razor blade and transferred into a microfuge tube
(total volume 1.5 mL). The gel slices were crushed with
a disposable pipette tip against the wall of the tube and
subsequently incubated with 50 μL of elution buffer
(0.5 M ammonium acetate, 10 mM magnesium acetate,
1 mM EDTA, pH 8.0 and 0.1% dodecil sodium sulfate)
at 37 °C for 3 h. For this purpose, we used a thermo-
mixer for microfuge tubes at 34 g. Samples were
centrifuged for sedimentation of the gel particles. A total
of 40 µL were carefully transferred with a pipette to a
fresh microfuge tube while avoiding possible co-transfer
of gel particles. DNA was precipitated with 2 volumes
of ethanol (96%), incubated for at least 2 h at -20 °C,
and centrifuged at 24 000 × g for 15 min at 4 °C. The
pellet containing DNA was dried for 15 min at 37 °C
and re-dissolved in 10 μL of 0 mM Tris HCI (pH 8.0).
The amplification of the extracted DNA molecules was
performed with PCR using the same primers and
conditions as those applied for the generation of
community profiles. The PCR-products were purified
as described above in the recovery of SSCP bands. To
control the quality of the re-amplified products, a single
strand was digested and the re-amplified products on
SSCP-gels were compared with the original community
profile.

Cloning was carried out according to Tebbe et al.
(2001), using the pGEM-T vector system (Promega).
Fragments of 500 bp were ligated into the vector and
transformed into Escherichia coli JM109 competent
cells. Clones with inserted sequences were detected

by blue-white selection (β-galactosidase activity) on LB
agar plates amended with ampicillin, IPTG and X-Gal,
as described by the manufacturer´s protocol. White
colonies were cultured on the same growth agar; from
there, colonies were transferred with a toothpick to
microfuge tubes (one colony per tube). The bacterial
cells were treated with 50 μL lysis solution (0.05 M
NaOH), 0.25% SDS) at 95 °C for 15 min with rotary
agitation at 34 g. A total of 450 μL sterile double distilled
water was added and vortexed. The suspension was
then centrifuged at 10 000 × g for 4 min at room
temperature. The PCR-insert amplification was
performed with flanking vector primers matching
positions 2952 to 2970 (forward) and complementary to
positions 174 to 193 (reverse) in the pGEM-T sequences
(see www.Promega.com). PCR conditions were
identical to those described for re-amplification (total
volume 50 μL), except that an annealing temperature of
53 °C was used. The size and amount of the amplified
PCR product was analyzed by running 5-8 μL of the
PCR solution by electrophoresis in agarose gels (1.2%
in TBE). Amplification reactions, which yield products
of the expected size, were purified (Qiaquick PCR
Purification Kit, Qiagen) and used as a template in cycle-
sequencing reactions.

For DNA sequencing, we used the SequiTherm
EXCEL II DNA sequencing Kit-LC (Epicentre
Technologies, Madison, WI). Primers labeled with an
infrared sensitive dye were used since the subsequent
sequence analysis was conducted with a Li-Cor system
(Li-Cor, Lincoln, NE). Sequencing primers hybridize to
vector sequences and are therefore widely applicable,
regardless of the sequence of the inserted DNA
(in contrast to direct sequencing). Positions of the
sequencing primers were used, corresponding to positions
2960 to 2977 of the coding strand and positions 161 to
177 of the non-coding strand in the Laboratory of Institute
of Agroecology of Johann Heinrich von Thunen Institut
(vTI) in Braunschweig, Germany. The optimum annealing
temperatures for the primers were 54 °C (2960-2977)
and 50 °C (161-177), respectively. Primer concentrations
of 80 nM and a DNA template concentration of 50 - 100 mg
were added to the sequencing reactions. All other conditions
correspond to the manufacturer’s recommendations.

The analysis and interpretation of SSCP profiles were
carried out at two levels: i) the pattern composition of
profiles, and ii) identification of single components
of a profile by DNA-sequencing and comparison to
known sequences in databases (BLAST, Gen Bank,
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Japan data base, GelCompar and WinCam). The direct
result of community-SSCP is a banding pattern on a
polyacrylamide gel. These bands become detectable after
a silver staining procedure.

RESULTS AND DISCUSSION

With the methodology used in this study, results
showed a diversity of microflora in the rhizosphere of
Salicornia bigelovii (Figure 1), although sample 2 was
not amplified.

The sequences of products amplified from a simple
strand were compared to public data bases using
Megablast al NCBI (http://www.ncbi.nim,nih.gov/
BLAST) (Table 2). According to a dendrogram created
(Figure 2), and with the purpose of seeing relationships
resulting from grouping the data and even among the
groups, the results indicated that the microbial community
of sites 3 and 5 are similar; the same similarity is observed
between sites 1 and 6. However, site 4 is more similar
to sites 3 and 5. Thus, the successive subdivisions can
give us an idea about how they can be grouped and the
distance between the data according to established
relationships.

Linking the evidences with previous experiments,
the results obtained are a good example of what can be
expected from the applied method: classical

morphological characteristics as well as biochemical
traits can be obtained from Klebsiella pneumoniae
(Rueda et al., 2003). But based on SSCP, strains of
Rhizobium spp., Bacillus spp., Cyanobacteria and
Proteobacteria groups (Table 2) may be considered
diazotrophic bacteria in association within the
environments where the halophyte Salicornia bigelovii
grows naturally, performing a role (although in low
populations) related to the decomposition of organic
matter, availability of nutrients, reduction of toxicity due
to toxic metals, modification of pH (Table 1), and
production or stimulation of plant growth substances or
plant growth-promoting-substances (PGPS)
(El-Shatanawi et al., 2001), serving as an ecological
source of biologically available nitrogen in these systems
(Hanson, 1983).

In this sense, diazotrophic bacteria are ubiquitous
mashes, and according to evidences, nitrogen fixation is
carried out exclusively by certain species of Bacteria
and Archea (Postgate, 1998), with the highest rates of
activity occurring on and around plant root surfaces (the
rhizoplane and rhizosphere, respectively (Campbell
and Greaves, 1990), which was also found in this study.
On the other hand, we found that culture methods may
not accurately reproduce microorganisms as they occur
in natural habitats (Ward et al., 1998). The culture
approach, however, is essential for the thorough

Figure 1. SSCP-profiles of PCR amplified fragments 16S rDNA from rhizosphere DNA of Salicornia bigelovii. The numbering of
lanes (M) corresponds to the numbering of sites sampled. Arrows indicate the position of bands which were further characterized
by DNA sequencing and phylogenetic assignments. For results, see Table 1.
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characterization of microorganisms, as it is considered
the basis for understanding microbial physiology and
genetics. It is desirable to match isolated strains with
their counterparts in nature. Only then, the gained
physiological data from culture studies can begin to be
confidently extrapolated to natural condit ions
(Castenholz, 1989). In many cases, however, inadequate
culture conditions leading to the loss of various
morphological characteristics, the inability to grow
certain microorganisms in the laboratory, and the
misidentification of strains in culture collections make it
difficult to apply taxonomic assignments based on culture
to open field populations.

CONCLUSIONS

Molecular studies have led to new approaches that
are revolutionizing the applications of microbiology by
providing an evolutionary framework and by enabling
new ecological approaches. Although we analyzed only
some of the most representative bands present at
different intensities in all sampled sites, the obtained
results evidenced the possibility of finding niche-
complexity due to micro-environmental heterogeneity in
the rhizoplane and rhizosphere of plants, presumably
resulting in the formation of many different niches in situ
(Bowen 1980, Bagwell & Lovell, 2000), which support
an abundant and diverse bacterial community assemblage
within these root microenvironments (Bagwell et al.
1998, Piceno et al. 1999, Lovell et al. 2000). Based on
SSCP, strains of Rhizobium spp., Bacillus spp.,
Cyanobacteria and Proteobacteria groups could

be considered diazotrophic bacteria in association, within
the environments where the halophyte Salicornia
bigelovii grows naturally in La Paz Bay, serving as an
ecological source of these systems. For further
applications, the rhizoplane rhizosphere microflora
assemblage of Salicornia bigelovii should be studied
extensively; in this study we demonstrate a substantial
associated bacterial community, which possibly inhabits
other ecosystems.
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Ultramicobacterium str.  X99390 Verrucomicrobia 87.3 Anoxic rice paddy soil Janssen et al. 
(1997)

Uncultured bacterium AF142833 95.3
Coastal meromitic marine 
basin

Bowman and 
McCuaig 
(2003)                   

Uncultured bacterium AF277501 CFB group 95.3 Sea ice microbial 
communities Phaseolus 
vulgaris

Ward (1998)

Rhizobium  sp. U29387 a Proteobacteria 97.3 Robinia pseudoacacia  L
Gisèle Laguerre 
et al.  (2001)

Rhizobium sp. AJ271902 a Proteobacteria 97.3 Native Shrubbi Southeastern Ulrich and 
Zaspel (2000)

Rhizobium sp. Z94803 a Proteobacteria 97.3  Australia Lafay  and 
Burdon (1998)

S4

S5

S6

S7

S1

S2

S3

Table 2. Results of characterization (% identity) of associated bacteria in the Salicornia bigelovii rhizosphere in Bay of La Paz, Baja
California Sur, Mexico.
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