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Construction and characterization of a metagenomic DNA library from the 
rhizosphere of wheat (Triticum aestivum)

Construcción y caracterización de una biblioteca de ADN metagenómico de la rizósfera de 
trigo (Triticum aestivum)

Hernández-León R1, M Martínez-Trujillo2, E Valencia-Cantero1, G Santoyo1

Resumen. El suelo rizosférico de las plantas de trigo contiene 
una alta diversidad de microorganismos y por lo tanto, constituye una 
gran reserva para el descubrimiento de los genes con diversas aplica-
ciones de la biotecnología agrícola. En este trabajo, hemos construido 
una biblioteca metagenómica empleando como huésped heterólogo 
E. coli, clonando grandes fragmentos de ADN genómico en un cro-
mosoma artificial bacteriano (BAC), proveniente de la rizósfera de 
plantas de trigo. El promedio de los segmentos de ADN clonado 
varió de 5 a 80 kb, con un tamaño promedio de 38 kb. Los extre-
mos de varias clonas BAC, tomadas al azar fueron secuenciadas. Los 
resultados de homología de los BACs analizados mostraron princi-
palmente funciones metabólicas y catalíticas (40%), incluyendo ami-
dohidrolasas, hidrolasas, peptidasas, serina proteasas, endonucleasas 
y exonucleasas. Otra parte interesante de las clonas reveló secuencias 
genómicas con función hipotética (17%) o desconocida (9%). Las 
secuencias metagenómicas pertenecen en su mayoría a Firmicutes, 
Proteobacterias, Arqueas, Actinobacterias, hongos, virus, bacterias y 
taxones desconocidos sin clasificar. Se espera que la biblioteca meta-
genómica del suelo rizosférico de las plantas de trigo siga creciendo. 
Al mismo tiempo, se están llevando a cabo análisis funcionales en la 
búsqueda de genes de interés agro-biotecnológico. 
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Abstract. Rhizospheric soil of wheat plants contains a high di-
versity of microorganisms, and therefore, comprises a large reservoir 
for discovering genes with diverse agro-biotechnological applica-
tions. In this work, we constructed an E. coli metagenomic library 
based on bacterial artificial chromosome (BAC) clones with large 
genomic inserts from metagenomic DNA from the rhizosphere 
of wheat plants. The average of the DNA cloned segments varies 
from 5 to 80 kb, with an average size of 38 kb. Random clones were 
end-sequenced and homology results showed that the clonation of 
metagenomic DNA codes mainly for metabolic and catalytic func-
tions (40%), including amidohydrolase, hydrolase, peptidase, serine 
protease, endonuclease and exonuclease. Another interesting pro-
portion of the clones revealed genomic sequences with hypotheti-
cal (17%) or unknown function (9%). The metagenomic sequences 
belonged mostly to Proteobacteria, Firmicutes, Archaea, Actino-
bacteria, Fungi, Virus, Unclassified Bacteria and Unknown taxa. It 
is expected that the metagenomic library from rhizospheric soil of 
wheat plants keeps growing. At the same time, functional analyses 
are conducted in the search for genes of agrobiotech interest.
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INTRODUCTION
Metagenomics has revolutionized the way people study bi-

ology. In fact, there are currently more metagenomic sequences 
reported in databases such as NCBI than the total sequences of 
all completely sequenced organisms. This represents a challenge 
to biology (Moreno-Hagelsieb & Santoyo, unpublished results). 
Metagenomics has been investigated from various environments, 
including gut microbiota, aquatic ecosystems, mines, agricultural 
and forest soils (Kim et al., 1996; Rondon et al., 2000; Wang et 
al., 2000; Lee et al., 2004; Tyson et al., 2004; Craig et al., 2009; 
Qin et al., 2010). The relevant insight of these studies is that each 
of them has shown different aspects to study and analyze. In 
some cases, they have provided innovative views of the microbial 
ecology on extreme environments for the development of life. 
At the same time, others have found novel genetic elements that 
could have applications in biotech industry (Rondon et al., 2000; 
Wang et al., 2000; Tyson et al., 2004; Nacke et al., 2011). 

One of the most complex environments is the rhizosphere, 
a microenvironment where a great microbial diversity is pres-
ent. The rhizosphere is defined as the region of soil which is 
influenced by the plant roots (Ahmad et al., 2008). It is in 
this environment where various abiotic and biotic interactions 
take place, especially concerning microorganisms and plant 
roots. Abiotic interactions, such as temperature, soil type and 
climate (among other factors) are often involved in determin-
ing the population structure of microbial communities. Mi-
croorganisms of these communities, however, have evolved 
mechanisms to deal with occupation of the space which al-
lows them to obtain nutrients excreted by the plant roots 
(Weller, 1988; Haas & Keel, 2003). The organism diversity 
of the bulk-soil or the rhizospheric soil of different plants has 
been extensively studied; most studies have reported a wide 
range of organisms from those soil portions (Daniel, 2005). 
It is estimated that there are about 2x106 bacterial species in 
marine environments. Surprisingly, a soil sample could con-
tain up to 4x106 different taxa (Curtis et al., 2002). This sug-
gests that soils are a large reservoir for the discovery of several 
compounds that may have applications in agriculture, human 
health or industry (Handelsman, 2004; Hernandez-Leon et 
al., 2010). In this work, we report the construction of a bacte-
rial artificial chromosome (BAC) metagenomic DNA library 
from the rhizosphere of wheat plants. We also characterized 
and sequenced various clones that contain genes with differ-
ent catalytic activities, and sequences from different phyla 
(including non-cultivable or even unknown microorganisms).

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, Mexico (19° 59’ N, 102° 17’ W, 1560 

m.a.s.l.). Ten plants were collected along with their roots and 
rhizospheric soil, one month after planting. Rhizospheric soil 
samples were taken at 10 cm depth from the soil surface, and 
transported on ice to be stored at 4 °C for immediate analysis 
in the laboratory. The rhizosphere was separated from the 
roots, and stored at -4 °C. 

The soil physico-chemical properties were as follows: the soil 
was a clay loam type, with 23.48% sand, 38.57% clay and 38% silt. 
The pH was neutral (7.17). Organic matter was 3.73%, inorganic 
nitrogen 16.9 ppm, potassium 653 ppm, calcium 4938 ppm, mag-
nesium 1416 ppm, sodium 153 ppm, iron 22.8 ppm, zinc 0.91 
ppm, manganese 55.9 ppm and copper 2.55 ppm. These physico-
chemical conditions resulted optimal for cropping wheat. 

DNA extraction and purification. Total DNA extraction 
from the rhizospheric soil samples was done using the MO-
BIO PowerSoil® DNA Isolation Kit, following manufacturer 
instructions. Extracted DNA solution was completely trans-
parent, checked by gel electrophoresis and stained with ethid-
ium bromide (4 μg/mL). 

The extracted DNA was purified using a Wizard SV Ge-
nomic DNA minicolumn purification System from Promega. 
The integrity of DNA was checked by gel electrophoresis 
(at 1%, Fig.1a). DNA was tested using small quantities of 
metagenomic DNA as a template for PCR amplification of 
the 16S ribosomal genes with the universal primers FD1 and 
RD1: 5´-CAG AGT TTG ATC CTG GCT CAG-3´and 
5´-AAG GAG GTG ATC CAG CC-3´ (Weisburg et al., 
1991; Velazquez-Sepulveda et al., 2011). Once DNA was pure 
enough, approximately 300 ng of DNA were digested with the 
HindIII enzyme for 4 hr at 37 °C. The digestion was again ob-
served in a gel electrophoresis at 1%. Then, the restriction en-
zyme was inactivated at 65 °C in a Dry Bath Incubator (Fisher 
Scientific) during 20 min, and purified by minicolumn (Wiz-
ard SV Genomic DNA Purification System, Promega). There-
after, it was observed in an agarose gel at 1% (Fig 1c and d).

Fig. 1. (a) Metagenomic DNA from the rhizosphere of wheat 
plants; (b) molecular size of a DNA marker; (c, d) metagenomic 
DNA partially digested with HindIII. 
Fig. 1. (a) DNA metagenómico de la rizósfera de plantas de trigo; (b) 
tamaño molecular de un marcador de ADN; (c, d) DNA metagenómico 
parcialmente digerido por HindIII.
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Metagenomic library construction. To perform the clon-
ing of metagenomic DNA, 50 ng were used plus 10 ng of 
the vector pIndigoBAC-5, incubating with the T4 ligase en-
zyme (4 units) during 12 hrs at 4 °C. The ligation product was 
transformed by electroporation into electrocompetent E. coli 
cells in a 2510 Eppendorf® electroporator. The transformed 
cells were plated onto LB solid medium with chlorampheni-
col (Cm, 10 μg/mL) and incubated for 20 to 24 hrs at 37 °C. 
Clones were picked out again on LB medium plates contain-
ing 10 μg/mL of Cm plus 40 μL of X-gal (at a concentration 
of 60 mg/mL) and incubated for 24 hrs at 37 °C. 

RESULTS
Insert size analysis of the library. The construction of 

metagenomic libraries from different environments has 
shown a great potential to identify new or improved genetic 
determinants that can be used in different areas of medicine, 
industry and agrobiotechnology (Van Elsas, 2008). DNA 
from different types of soil makes things difficult due to the 
high content of soil components that inhibit Taq polymerases 
and restriction enzymes, among others. Therefore, obtaining 
high quality and purified DNA from this environment is es-
sential, especially for future cloning steps. Figure 1a shows the 
isolation of metagenomic DNA with excelent quality, includ-
ing second steps for purification and enzyme digestion with 
HindIII in agarose gel (Fig. 1c and d). Control experiments 
to determine the purity of metagenomic DNA showed high 
quality, even managed to be used as a template for 16S ribo-
somal gene amplification by PCR (data not shown). As can 
be seen, the digestion was partial and obtained a DNA large 
fragments (> 30 kb), which is recommended for the construc-
tion of libraries based on BACs (Handelsman, 2004).

Metagenomic libraries can be divided into two classes: 
those with small or large inserts. We report the latter class in 

this work. We isolated at random BACs of 26 recombinant 
E. coli clones and digested with HindIII to determine the ap-
proximate size of the cloned fragments. Figure 2 shows that 
the cloned inserts in the clones analyzed ranged from 5 to 
over approximately 80 kb, with an average of 38 kb in size of 
the inserts. This range is essential to carry out the cloning of 
genes or operons that may encode complete new metabolic 
functions (Daniel et al., 2005).

Construction and analysis of the metagenomic li-
brary. To get a better idea of what kind of genes or se-
quences were cloned in the metagenomic library, 75 recom-
binant clones were isolated and BAC-end commercially 
sequenced. Twenty three percent of the sequences coded 
for metabolic functions, while another large percentage 
corresponded to catalytic functions (17%). Genes encoding 
amidohydrolase, hydrolase, peptidase, serine protease, en-
donuclease and exonuclease activities were found, among 
others (Fig. 3). Interestingly, a significant percentage iden-
tity was not found with known sequences or genes are re-
ported as hypothetical, indicating that they might encode 
for functions still unknown. Moreover, identity was ob-
tained for genes involved in basic cellular processes such as 
replication, transcription, translation and repair of DNA, 
as well as genes with identity to membrane proteins and 
transposons (Fig. 3). The sequences found in the BACs cor-
respond mainly to Alpha and Gammaproteobacteria, Fi-
micutes, Archaea and Betaproteobacteria (Fig. 4). Other 
sequences showed identity with fungi, viruses and Cyabo-
nacteria, representing a wide diversity of organisms in the 
rhizosphere of wheat plants.

Fig. 2. Approximate metagenomic DNA insert size of 26 BAC 
clones. See text for details. 
Fig. 2. Tamaño aproximado de la inserción de ADN metagenómico de 
26 clones BAC. Ver el texto por detalles. 

Fig. 3. Predicted functional activities of the sequenced DNA in-
serts of the metagenomic library. See text for details. 
Fig. 3. Actividades funcionales predichas de las inserciones de ADN 
secuenciado de la biblioteca metagenómica. Ver el texto por detalles. 
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DISCUSSION
In this work we reported the construction of a large in-

sert size metagenomic DNA library from the rhizosphere of 
wheat plants. Large inserts are important to isolate complete 
genes or even complete operons encoding functional path-
ways for synthesis of diverse compounds or metabolites. In 
this way, Chung et al. (2008) reported the cloning of a frag-
ment of 40 kb DNA from forest soil metagenomic contain-
ing a complete operon encoding type II familypolyketide 
synthases, ACP synthases, aminotransferase and an ACP 
reductase, which showed antifungal activity. Nonribosomal 
peptide synthetases and polyketide synthases are multiprotein 
complexes (which are encoded by clusters of genes), transcrip-
tional units usually involving operons with several kilobases of 
length. Other metabolites, such as siderophores, which are big 
peptide molecules with affinity for iron, are also synthesized 
by some nonribosomal peptide synthetases. Siderophores are 
important molecules to colonize and deprive iron to patho-
gens from rhizospheric soils, thus inhibiting their growth in 
an indirect form (Rondon et al., 2004). Other compounds 
involved in the inhibition of pathogens such as lipopeptides 
from Pseudomonas and Bacillus species, also require clusters 
of genes for its synthesis. Therefore, it is desirable to clone 
large DNA if anyone wants to find antifungal activities from 
bulk-soils or rhizosphere soils. Likewise, Daniel in 2005 sug-
gested that the construction of metagenomic libraries of large 
inserts has several advantages for detecting genes with desir-
able functions, such as requiring a small number of clones for 
screening, and finding positive outcomes. However it can also 
have some disadvantages, mainly technical, because of the dif-
ficulty of obtaining DNA of good purity and cloning of large 
DNA fragments. Once you can solve these problems, it has 
obvious advantages over the construction of large rather than 
small insert libraries.

The rhizosphere of plants is one of the most studied eco-
systems. However, in our library 4% of the sequences showed 
no identity with known sequences in NCBI databases, which 
represents a significant potential for discovering new func-
tions or unknown organisms in environments widely studied 
(Fig. 3). The clonation of environmental DNA and expression 
in BAC vectors is an interesting option to study the metage-
nome of an ecosystem. In addition, it does not require or rely 
on culture methods that limit their study to those organisms 
that can only be reproduced in laboratory. Several microor-
ganisms have been used as hosts for expression of heterolo-
gous genes, including Ralstonia metallidurans, Streptomyces 
lividans, S. cerevisiae and E. coli (Rondon et al., 2000; Chung 
et al., 2008; Craig et al., 2009). However, each host has con-
straints, and is able to express genes that come from other 
organisms. However, E. coli appears to be the Trojan Horse 
to carry out genes from many different phyla (Handelsman, 
2004; Hernández-León et al., 2010). It would be interest-
ing to analyze the metagenomic DNA from the soil in other 
hosts. This is because a large proportion of bacteria (e.g.: the 
genus Bacillus) can represent an important part of the micro-
organisms found in bulk- or rhizospheric soils. This would 
represent the possibility of cloning other genes which are 
strictly expressed in Gram-positive bacteria. 

In a bulk-soil library from Wisconsin, it was reported the 
cloning and expression of genes coding for lipase, amylase, 
hemolytic activity, antibacterial and nucleases (Rondon et 
al., 2000). Also, some 16S rDNA genes were isolated and se-
quenced from the same library, including sequences belong-
ing to different microbial phyla, such as low-G + C Gram-
positive Acidobacterium, Cytophagales, and Proteobacteria. 
In our library, we report the isolation of 16S ribosomal genes 
from metagenomic DNA directly (Velazquez-Sepulveda et 
al., 2012), and not from cloned inserts in the library; here, we 
found a variety of ribosomal sequences belonging to Classes 
Alfaproteobacteria, Betaproteobacteria, Deltaproteobacteria, 
Gammaproteobateria, Actinobacteria, Bacilli, Clostridia bac-
teria and Unculturable. Within the class Gammaproteobac-
teria, the genus Pseudomonas, Bacillus and Stenotrophomonas 
were the most abundant, since they corresponded to 40% of 
the whole ribosomal library. Previous work also suggested 
that in principle there was a large bacterial diversity in this 
environment: Shannon-Wiener test indicated a rate of 3.8 
bits per individual (Velazquez-Sepulveda et al., 2012). In this 
work, our results of sequence analysis in 75 BACs show that 
inserts mainly belong to Proteobacteria, Firmicutes and Ar-
chaea, which coincides with the analysis of bacterial diversity 
isolating and sequencing ribosomal sequences (Velazquez-
Sepulveda et al., 2012). 

Metagenomics, and especially soil metagenomics promises 
to discover new or improved molecules that may have several 
biotechnological applications. However, this complex ecosys-
tem is considered particularly a reservoir of genetic material 

Fig. 4. Predicted taxonomic association of the sequenced DNA 
inserts of the BAC clones. See text for details.
Fig. 4. Asociación taxonómica predicha por las inserciones de ADN 
secuenciado de los clones BAC. Ver el texto por detalles. 
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that encodes for molecules with some activity in biocontrol 
(or even direct plant-growth promoting characteristics). Such 
is the case of international efforts conducted under the proj-
ect Metacontrol, which aims to analyze various metagenomic 
DNAs from disease-suppressive soils (Van Elsas et al., 2008). 
Therefore, the pursuit of such activities is demonstrated in 
the library reported in this paper, as well as ongoing genomic 
cloning of more genetic material from the metagenome of 
wheat rhizospheric soils from crops of Mexico, which repre-
sents a relevant option to study due to its high microdiversity. 
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