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Bacterial diversity associated with the rhizosphere of wheat plants (Triticum aestivum): 
Toward a metagenomic analysis 

Diversidad bacteriana asociada a la rizósfera de plantas de trigo (Triticum aestivum): Hacia un 
análisis metagenómico

Velázquez-Sepúlveda I, MC Orozco-Mosqueda, CM Prieto-Barajas, G Santoyo

Resumen. El suelo rizosférico es uno de los reservorios más gran-
des de la diversidad genética microbiana. Antes de realizar un estudio 
metagenómico a gran escala de un ambiente, tal como el suelo rizos-
férico, es necesario realizar un análisis previo de la diversidad genética 
residente. Por ello, en este trabajo se detectó la diversidad bacteriana 
asociada a la rizósfera de plantas de trigo por medio de la amplifi-
cación de PCR, construcción de una biblioteca y secuenciación de 
los genes 16S ribosomales. Se detectaron 30 OTUs, incluyendo las 
Clases Alfaproteobacteria, Betaproteobacteria, Deltaproteobacteria, 
Gammaproteobateria, Actinobacteria, Bacilli, Clostridia y bacterias 
no cultivables. Dentro de las Gammaproteobateria, los géneros más 
abundantes fueron Pseudomonas, Stenotrophomonas y Bacillus, ya que 
correspondieron al 40% del total de la biblioteca ribosomal completa. 
El análisis filogenético demostró que la mayoría de las secuencias ri-
bosomales se agrupan en los clados que pertenecen a bacterias comu-
nes del suelo o rizosféricas. Para determinar si la muestra es bastante 
diversa se llevó a cabo una prueba de Shannon-Wiener, resultando en 
una tasa de 3,8 bits por individuo. Nuestros resultados sugieren que 
la rizósfera de plantas de trigo es muy diversa y resulta un candidato 
excelente para otro tipo de análisis metagenómicos.

Palabras clave: Diversidad bacteriana; Rizósfera; Trigo; Genes 16S 
ribosomales.

Abstract. Rhizospheric soil is one the largest reservoirs of micro-
bial genetic diversity. Before conducting a large-scale metagenomic 
analysis of an environment, such as a rhizospheric soil, it is neces-
sary to perform a pre-screening of the resident genetic diversity. In 
this study, we analyzed the bacterial diversity associated with the 
rhizosphere of wheat plants by PCR amplification, construction of 
a library and sequencing of 16S rDNA genes. Thirty OTUs were 
detected, including the Classes Alfaproteobacteria, Betaproteobac-
teria, Deltaproteobacteria, Gammaproteobateria, Actinobacteria, 
Bacilli, Clostridia and Uncultivable bacteria. Within the Gamma-
proteobacteria class, the genera Pseudomonas, Stenotrophomonas and 
Bacillus were the most abundant, since they corresponded to 40% of 
the whole ribosomal library. Phylogenetic analysis showed that most 
of the ribosomal sequences are grouped into clades that belong to 
common rhizospheric or bulk-soil bacteria. To determine whether 
the sample is significantly diverse, a Shannon-Wiener test was per-
formed, resulting in a rate of 3.8 bits per individual. Our results sug-
gest that the rhizosphere of wheat plants is highly diverse and results 
an excellent candidate for metagenomic analysis.

Keywords: Bacterial diversity; Rhizosphere; Wheat; 16S ribo-
somal genes.
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INTRODUCTION
Wheat (Triticum aestivum) is one of the most important 

crops around the world, which is widely consumed by the 
human population. To generate a good wheat production 
it is common, especially in developing countries, the use of 
chemicals to eliminate diseases caused by various pathogens. 
However, it is well known the damage that can be generated 
in the environment and human health because of their use 
(He et al., 2005). Likewise, it is known that some soil micro-
bial communities near the plant roots, an area better known 
as rhizosphere, may limit or inhibit the growth of potential 
pathogens (Weller, 1988; Ahmad et al., 2008). Also, some mi-
croorganisms and especially some bacteria, which are known 
as PGPR (Plant-Growth Promoting Rhizobacteria) can pro-
mote plant growth and health (Schroth & Kloepper, 1978; 
Hayat et al., 2010). Recent studies have shown that the use of 
PGPR bacteria can reduce chemical use in crops (Adesemoye 
et al., 2009; Adesemoye & Kloepper, 2009).

Some bacterial inhabitants of the rhizosphere can live as 
saprophytes, while others can penetrate the tissues of the root 
and form root nodules. There, bacteria known as rhizobia can 
fix nitrogen and convert it into ammonium, which is assimi-
lated by the plant (Fauvart et al., 2011). Also, other species 
can penetrate and colonize the roots, stems, leaves and seeds. 
These bacteria are known as endophytes and may play impor-
tant roles as promoters of plant growth and induce protective 
responses against plant pathogens (Ryan et al., 2008). Inter-
estingly, it has been suggested that the endophytic bacteria of 
plants are a subset of the rhizospheric microbial populations 
(Márquez-Santacruz et al., 2010).

The bacterial populations that inhabit the rhizosphere 
of wheat plants have mainly been studied by culture meth-
ods (Germida & Siciliano, 2001). However, it is known that 
only a small percentage of these populations can be grown in 
laboratory conditions. Therefore, molecular methods can give 
a better indication of the actual populations of bacteria that 
live in this environment (Hernández-León et al., 2010). Also, 
there have recently been several metagenomic projects, either 
trying to know the microbial diversity or building metage-
nomic libraries, in order to discover molecules or compounds 
of interest (Handelsman, 2004; Hernández-León et al., 2010). 
However, before carrying out a metagenomic project it is es-
sential to know how diverse the environment is and whether it 
is a good candidate to be studied in a future research.

Thus, in this work we studied the bacterial diversity of the 
rhizosphere of wheat plants in an agricultural crop by PCR 
amplification of 16S rDNA genes and sequencing. Homology 
and phylogenetic analysis suggest that there are different gen-
era that can be associated with biocontrol and PGPR bacteria 
of wheat plants. Finally, diversity analysis shows that this mi-
croenvironment is highly diverse, being a good candidate for 
other metagenomic studies.

MATERIALS AND METHODS 

Sampling and physico-chemical analysis of rhizospheric 
soil. To study the soil microbial community, samples were 
taken from the rhizosphere of wheat plants near the city of 
Zamora Michoacan (19° 59’ N, 102° 17’ W, 1560 m.a.s.l.). Ten 
plants with their roots and rhizospheric soil were collected 
in the month of January, when the plants had a month from 
being planted. Rhizospheric soil samples were taken at 10 cm 
depth and transported on ice to be stored at 4° C for immedi-
ate analysis in the Lab. The rhizosphere was separated from 
the root and stored at -4° C. 

The soil was a clay loam type, with 23.48% sand, 38.57% 
clay and 38% silt, and a pH of 7.17. Fertilization contained 
3.73% organic matter, 16.9 ppm inorganic nitrogen, 653 ppm 
potassium, 4938 ppm calcium, 1416 ppm magnesium, 153 
ppm sodium, 22.8 ppm iron, 0.91 ppm zinc, 55.9 ppm manga-
nese and 2.55 ppm copper. These physico-chemical conditions 
resulted optimal for wheat crop. 

DNA extraction. Total DNA extraction from rhizosheric 
soil samples were done by using the MO-BIO PowerSoil® 
DNA Isolation Kit, following manufacturer instructions. Ex-
tracted DNA solution was completely transparent and was 
checked by gel electrophoresis and stained with ethidium 
bromide (4 μg/mL).

Polymerase chain reaction amplification of the bacterial 
16S rRNA genes and contruction of the library. Ribosomal 
16S rDNA genes were amplified using the universal bacte-
rial primers Fd1, 5’-CAGAGTTTGATCCTGGCTCAG-3’ 
(forward) and Rd1, 5’-AAGGAGGTGATCCAGCC-3’ (re-
verse), corresponding to positions 8 to 28 and 1526 to 1542 
from the Escherichia coli 16S rDNA gene, respectively (Weis-
burg et al., 1991). The following Polymerase Chain Reaction 
(PCR) conditions were used: an initial denaturation at 95 °C 
for 3 min; 30 cycles of 1 min at 95 °C for denaturation, 1 min 
at 53 °C for annealing, and 2 min at 72 °C for extension, and 
a final extension step at 72 °C for 5 min. Polymerase chain re-
action amplifications were performed with a TC-412 Techne 
Thermal Cycler. GoTaq® Master Mixes tubes (Promega) were 
used (tubes were supplied with enzyme, magnesium, dNTPs, 
and buffer). Only 0.1 μg template DNA and 50 pmol of each 
primer were added to each tube.

PCR products were gel purified from 1% agarose gels by 
using the Wizard® SV Gel and PCR Clean-Up System (Pro-
mega) according to manufacturer instructions. The purified 
PCR fragments were then cloned into the pGEM-T Easy Vec-
tor (Promega), and the resulting ligation products were used 
to transform competent E. coli cells. Positive white clones were 
detected on LB medium containing 80 μg/mL X-Gal and 0.5 
mM IPTG.
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Metagenomic analysis of the bacterial diversity in the rhizosphere of wheat

Sequencing and analysis of the 16S rDNA genes. Nine-
ty-six isolated plasmids from E. coli clones were isolated and 
corroborated for insert cloning, and were commercially se-
quenced. The possibility to obtain chimeric sequences was 
analyzed by using the CHIMERA_ CHECK program of 
the Ribosomal Database Project (Maidak et al., 1999). Se-
quences considered to be chimeras were discarded, as well as 
those with no homology to ribosomal genes, resulting in 84 

high-quality sequences for analysis. All sequences obtained 
were compared with sequences in the GenBank (NCBI) da-
tabase by using the BLASTN program, to obtain the best 
matching sequences.

Phylogenetic and statistical analysis. A multiple se-
quence alignment was generated with ClustalX, and the phy-
logenetic analysis of the 16S DNA sequences was carried out 
with the MEGA 4.0 program (Tamura et al., 2007). To obtain 
a confidence value for the aligned sequence dataset, a boot-
strap analysis of 1000 replications was done. Phylogenetic 
trees were constructed by the neighbor-joining method based 
on Kimura’s two-parameter distance (Kimura, 1980). The eu-
bacterial diversity of the 16S rDNA library was evaluated by a 
Shannon-Wiener test (Krebs, 1985). 

RESULTS
Metagenomic DNA isolation and PCR amplification of 

16S rDNA genes. The total rhizosphere DNA was isolated 
and purified for use as a template in PCR reactions (Fig. 1a). 
Figure 1b shows the single band of approximately 1.5 kb am-
plified with universal primers FD1 and RD1 (Weisburger et 
al., 1991), corresponding to the 16S rDNA of eubacteria.

Fig. 1. (a) Total volume of DNA from rhizosphere of wheat plants. 
(b) Standard DNA marker and PCR amplification of 16S rDNA 
genes with approximate size of 1.5 kb.
Fig. 1. (a) Volumen total de ADN de la rizósfera de plantas de trigo. (b) 
Marcador de ADN estándar y amplificación PCR de genes 16S rDNA 
con un tamaño aproximado de 1,5 kb.

Fig. 2. Bacterial diversity found in the 16S rDNA clone library from the rhizosphere of wheat plants.
Fig. 2. Diversidad bacteriana observada en la biblioteca clonal 16S rADN de la rizósfera de plantas de trigo.
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Fig. 3. Dendograms showing the Phylogenetic relationships among the inhabitants of different soil and rhizosphere bacteria of plants. 
A multiple sequence alignment was generated with ClustalX, and the phylogenetic analysis of the 16S DNA sequences was carried out 
with the MEGA 4.0 program. To obtain a confidence value for the aligned sequence dataset, a bootstrap analysis of 1000 replications 
was done. Phylogenetic trees were constructed by the neighbor-joining method based on Kimura’s two-parameter distance. Archaeo-
globus profundus and Nanoarchaeum equitans were used as outgroups. Clones are indicated in grey squares. See text for details. 
Fig. 3. Dendrogramas que muestran las relaciones filogenéticas entre los habitantes de diferentes bacterias del suelo y de la rizósfera de las 
plantas. Se generó un alineamiento de secuencias múltiples con ClustalX, y el análisis filogenético de las secuencias de 16S ADN se realizó 
con el programa MEGA 4.0. Se realizó un análisis bootstrap de 1000 repeticiones para obtener un valor de confianza para la serie de datos de 
secuencia alineada. Se construyeron árboles filogenéticos por el método de unión de vecinos basado en la distancia entre dos parámetros de 
Kimura. Archaeoglobus profundus y Nanoarchaeum equitans se usaron como grupos exteriores. Los clones se indican con cuadrados grises. 
Ver el texto para detalles. 
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Class Number 
of OTUs

Number 
of clones

NCBI closest 
match 

Identity 
%

Alphaproteobacteria 3 4 Rhizobium sp. 100

2 Rhizobium 
leguminosarum

100

2 Sinorhizobium sp. 100

Betaproteobacteria 4 7 Burkholderia sp. 98

2 Herbaspirillum sp. 99

2 Achromobacter sp. 100

2 Gallionella sp. 100

Gammaproteobac-
teria

12 10 Pseudomonas sp. 98

2 Pseudomonas 
stutzeri

99

1 Pseudomonas 
putida

99

1 Pseudomonas 
mandelii

100

7 Stenotrophomonas 
maltophilia

98

3 Stenotrophomonas 
sp.

100

1 Stenotrophomonas 
acidaminiphila

99

1 Xanthomonas 
camprestris

99

1 Xanthomonas sp 99

1 Pantoea ananatis 99

1 Pantoea sp. 99

2 Enterobacter sp. 99

Deltaproteobacteria 3 2 Geobacter sp. 99

1 Geobacter 
pyschorophilus

98

1 Geobacter sp. 100

Actinobacteria 5 1 Nocardia sp. 99

1 Mycobacterium sp. 99

2 Cellulomonas sp. 98

1 Cellulomonas 
xylanilytica

100

4 Microbacterium sp. 99

Bacilli 2 6 Bacillus sp. 100

3 Bacillus subtilis 99

Clostridia 1 2 Clostridia sp. 99

Uncultured Bacteria 1 9 Uncultured 
Bacteria

98-100

Table 1. Percentage identity by OTUs with NCBI match of bacterial 
16S rDNA sequences from rhizosphere of wheat.
Tabla 1. Identidad porcentual por OTUs con ajuste NCBI de secuen-
cias bacterianas 16S rDNA de la rizósfera de trigo. 

Bacterial diversity associated with rhizosphere of wheat 
plants. High-quality sequences were obtained from 84 of the 
16S rDNA gene clone library from wheat plants rhizosphere. 
According to the results of homology search, species per-
tained to the Classes Alfaproteobacteria (7.1%), Betaproteo-
bacteria (15.4%), Gammaproteobateria (36.9%), Deltaproteo-
bacteria (4.7%), Actinobacteria (10.7%), Bacilli (10.7%) and 
Clostridia (2.3%). Also, some sequences (10.7%) showed high 
similarity to uncultured bacteria (Fig. 2).

The percentages of identity with matches found in the 
databases of the National Center for Biotechnology Infor-
mation (NCBI) and the identified OTUs are presented in 
Table 1. It also reports the identity of the closest match to 
the species found in the 16S rDNA gene library from the rhi-
zosphere of wheat plants. The three dominant genera found 
were Pseudomonas with 14 of the 84 clones (16.6%), followed 
by Stenotrophomonas with 11 clones (13%) and Bacillus with 9 
clones (10.7%). The above mentioned genera comprised more 
than 40% of the clones analyzed, and they were the most 
abundant representatives of the bacterial populations from the 
wheat rhizosphere. We also found 16S ribosomal sequences 
that showed high identity with non-culturable bacteria (9 
clones, 10.7%). Other genera found are some that have been 
reported previously that are common inhabitants of soil and 
rhizosphere of plants, such as Burkholderia, Rhizobium, Sino-
rhizobium and Xanthomonas, as shown in Figure 3.

Phylogenetic and richness analysis. Some sequences were 
used for phylogenetic analysis. The most representative are shown 
in Figure 4, which generally are grouped with clades that belong 
to bacteria with a ubiquitous distribution and common inhab-
itants of bulk-soils and rhizosphere environments of different 
plants. Regarding the diversity analysis by the Shannon-Wiener 
test, it resulted in a rate of 3.8 bits per individual, suggesting that 
the rhizosphere of the study wheat plants is highly diverse.

DISCUSSION
The rhizosphere is defined as the portion of soil that is influ-

enced by plant roots. In this microecosystem the root exudates 
are rich in nutrients, thus attracting a wide variety of microor-
ganisms, including bacteria that can occupy those spaces, obtain 
nutrients to grow and limit the growth of pathogens (Weller, 
1998). Such is the case of rhizospheric bacteria of the genera 
Bacillus and Pseudomonas, which are inhabitants of the bulk-
soil and rhizosphere (Tomashow, 1996); this paper reports its 
presence as two of the most abundant in the 16S clone library 
from the rhizosphere of wheat plants. Studies have shown that 
different strains of Bacillus, through direct or indirect mecha-
nisms, inhibit or control potential pathogens (Leclère et al., 
2005; Chen et al., 2009; León et al., 2009). It has been reported 
that diverse Bacillus species produce antibiotics with antifun-
gal activity, including lipopeptides (Koumoutsi et al., 2004; Ongena 
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& Jacques, 2008). Lipopeptides such as fengycin, surfactin 
and members of the iturin family have been studied in detail, 
and have shown to be effective in suppressing different phyto-
pathogenic organisms, including fungi, bacteria and nemetodes, 
among others (Ongena & Jacques, 2008; Chen et al., 2009). 
On the other hand, it has also been suggested that some spe-
cies of Bacillus may be plant-growth promoting through phy-
tostimulation and volatile production (Idris et al., 2004; Ryu et 
al., 2004; Velázquez-Becerra et al., 2011). In this sense, bacteria 
of the genus Pseudomonas, like Bacillus, also have the ability to 
be PGPR, in addition to show biocontrol activities (Compant 
et al., 2005; Haas & Defago, 2005). Pseudomonas have rapid 
growth and are therefore good colonizers in soil. Pseudomo-
nas can use various substrates as nutrients and survive under 
different stressing conditions. Also its ability to produce vari-
ous compounds, such as antibiotics, polysaccharides and sid-
erophores are crucial to its success (Weller, 2007). In recent 
works, Valencia-Cantero et al. (2005) and Santoyo et al. (2010) 
showed that the strain P. fluorescens ZUM80 can restrict growth 
of plant pathogenic fungi, such as Fusarium oxysporum, Col-
letotrichum lindemuthianum, Colletotrichum gloeosporioides and 
Phytophthora cinnamomi, through the synthesis of iron chelators 
and other potential antibiotics. Another interesting mechanism 
of indirect biocontrol employed by Bacillus and Pseudomonas is 
the ability to Induce Systemic Resistance (ISR) in plants, thus 
protecting them from diverse phytopathogen infections (Com-
pant et al., 2005; Ongena et al., 2007). 

Another genus found in the 16S rDNA library from the 
wheat plant rhizosphere was Stenotrophomonas. This genus 
also contains rhizospheric habitants, playing an interesting 
ecological role on plant-growth promoting activities (Valen-
cia-Cantero et al., 2007).

Other works on studies of diversity in rhizosphere of wheat 
plants have also shown a wide variety of bacteria (Germida & Si-
ciliano, 2001). Importantly, they analyzed the diversity by using 
the fatty acid methyl esterified method, but not involving isola-
tion of DNA sequences. These authors reported that the bacteria 
found belonged to the Gammaproteobacteria and Bacilli Class-
es, and the predominant genera were Pseudomonas, Arthrobacter, 
Bacillus, Flavobacterium, Micrococcus, Xanthomonas, Agrobacterium 
and Enterobacter, among others. This is in agreement with our re-
sults, where phylogenetic analysis showed that some representa-
tive 16S genes were grouped in clusters with sequences of species 
that are inhabitants of the rhizosphere of plants. 

Cellulomonas, Microbacterium and Geobacter are other gen-
era found in the 16S rDNA clone library. These genera have 
been found as endophytes in different plants, such as rice, soy-
bean, sweet potato, grapevine, Mexican husk tomato, and maize, 
playing important ecological roles (Ryan et al, 2008; Marquez-
Santacruz et al., 2010). Other genera such as Xanthomonas and 
Pantoea are also endophytes of plants; however, some species are 
plant pathogens (Bashan et al., 1982). It means that potential 
phytopatogenic microorganisms are also resident of the rhizo-

sphere of wheat crops. Another major portion of the library was 
the presence of ribosomal sequences belonging to non-cultur-
able bacteria. This suggests that even though the vast majority 
of sequences belonged to rhizospheric bacteria, there are still a 
significant proportion of organisms that could not be detected 
by culture methods. Finally, the analysis of the Shannon-Wiener 
diversity of the 16S rDNA library from the rhizosphere of wheat 
plants suggests that this environment is highly diverse. This is a 
prerequisite for other metagenomic studies to discover genes of 
interest with some application in agricultural biotechnology.
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