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ABSTRACT We report here the metagenomes of soil samples from a perennial
cropping system of asparagus that was treated with two biostimulants. Two treat-
ments were compared to an untreated control. Control soil samples were taken at
the beginning and at end of the experiment.

etagenomic studies of soils usually attempt to correlate the composition of the

soil microbiota with their functions or their functional potential (1-5). These
studies have even revealed different microbiota compositions in various agricultural
systems, such as those using conventional tillage and no tillage (2, 3), cultivated and
noncultivated soils (2, 4), rotated and nonrotated crops (3), organic and conventional
agriculture (5), and treatment with fertilization (6).

In the present study, a perennial cropping system of asparagus (Darlise variety)
located at Aimargues, France, was established in sandy and silty soil, and the crops
were treated with two biostimulants, ExuRoot (Innovak Global, Mexico) and Céres
(Biovitis, France), which were applied four times between mid-July and mid-September
2016. Sampling was carried out in June 2016, prior to the application of the biostimu-
lants, and again in September, after they were applied. For each of the three modalities
(i.e., no treatment, ExuRoot, and ExuRoot + Cérés) and their repetitions, 50 g of
rhizosphere soil were obtained with a sterile shovel from 10 sampling points at depths
between 20 and 40 cm. Following the same methodology, the control modality was
sampled twice: at the beginning of the experiment and at the end. The pooled samples
were kept in plastic containers at —80°C until DNA extraction. After thawing and
homogenization, subsamples (10 g) were disrupted with TissueLyser Il (Qiagen, Ger-
many). Metagenomic DNA samples were extracted using the PowerSoil DNA isolation
kit (Mo Bio, Inc./Qiagen, USA). Quality and quantity controls were performed by gel
electrophoresis, spectrophotometry (Nanodrop ND-1000), and fluorometry (Qubit ver-
sion 3.0). One microgram of metagenomic DNA was sheared to an average fragment
size of 350 bp in an AFA microtube (Covaris, USA) using an S2 ultrasonicator (Covaris).
Libraries were produced with the TruSeq DNA PCR-free library kit (lllumina). Whole-
metagenome shotgun sequencing was carried out within two high-output (300 cycles)
lllumina MiniSeq runs using 2 X 150-bp paired-end reads. BaseSpace (lllumina) was
used to extract the reads and to trim adaptors and Ns, and FastQC (http://www
.bioinformatics.babraham.ac.uk/projects/fastqc) was used to perform the quality con-
trol. Sequencing yielded between 3,360,000 reads (0.5 Gb) and 12,350,000 reads
(1.85 Gb) per sample. One Codex (7), Kaiju (8), and the MG-RAST (MetaGenomics Rapid
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TABLE 1 Sequence Read Archive (SRA) accession numbers
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Sample name

SRA accession no.

Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome
Soil metagenome

of an asparagus culture, initial control R1

of an asparagus field culture, initial control R2

of an asparagus field culture, initial control R3

of an asparagus field culture final control R1

of an asparagus field culture final control R2

of an asparagus field culture, final control R3

of an asparagus field culture, treated with ExuRoot R1

of an asparagus field culture, treated with ExuRoot R2

of an asparagus field culture, treated with ExuRoot R3

of an asparagus field culture, treated with ExuRoot and Céres R1
of an asparagus field culture, treated with ExuRoot and Céres R2
of an asparagus field culture, treated with ExuRoot and Céres R3

SRR5381855
SRR5381878
SRR5381880
SRR5381886
SRR5381887
SRR5381892
SRR5381894
SRR5381897
SRR5381899
SRR5381902
SRR5381903
SRR5381907

Annotations using Subsystems Technology) pipeline (9) were used for the analysis of
the bioinformatics and the identification of operational taxonomic units (OTUs).

A wide diversity of OTUs was retrieved from these soil samples, in which the classes
Alphaproteobacteria and Actinobacteria were dominant. The 10 most abundant genera,
representing between 29.43% and 42.8% of all species in all samples, were Bradyrhi-
zobium, Nocardioides, Mycobacterium, Rhizobium, Streptomyces, Mesorhizobium, Micro-
bacterium, Pseudomonas, and Sphingomonas. Three of them (Bradyrhizobium, Mesorhi-
zobium, and Streptomyces) had already been observed as prominent genera in
metagenomic studies of soils of sugar beet cultures (10, 11). Most of the genera found
here are known to host plant growth-promoting rhizobacteria species, such as those
belonging to the genera Bradyrhizobium, Rhizobium, and Mesorhizobium, and showed

important diversity, with dozens of different OTUs in each sample.

Accession number(s). The raw sequencing data of the metagenomes have been
made publicly available through the NCBI's Sequence Read Archive (SRA) (https://doi
.org/10.1093/nar/gkq1019) under the SRA accession numbers given in Table 1. They

have also been deposited in the MG-RAST database (http://metagenomics.anl.gov).

ACKNOWLEDGMENTS

This work was supported by Innovak Global, Chihuahua, Mexico, and by the National

Council on Science and Technology (CONACyT) of Mexico through grant number
230862.

REFERENCES

1.

Myrold DD, Zeglin LH, Jansson JK. 2014. The potential of metagenomic
approaches for understanding soil microbial processes. Soil Sci Soc Am
J 78:3-10. https://doi.org/10.2136/sssaj2013.07.0287dgs.

. Carbonetto B, Rascovan N, Alvarez R, Mentaberry A, Vazquez MP. 2014.

Structure, composition and metagenomic profile of soil microbiomes
associated to agricultural land use and tillage systems in argentine
pampas. PLoS One 9:€99949. https://doi.org/10.1371/journal.pone
.0099949.

. Souza RC, Cantdo ME, Vasconcelos ATR, Nogueira MA, Hungria M. 2013.

Soil metagenomics reveals differences under conventional and no-
tillage with crop rotation or succession. Appl Soil Ecol 72:49-61. https://
doi.org/10.1016/j.apsoil.2013.05.021.

. Howe AC, Jansson JK, Malfatti SA, Tringe SG, Tiedje JM, Brown CT. 2014.

Tackling soil diversity with the assembly of large, complex metag-
enomes. Proc Natl Acad Sci U S A 111:4904-4909. https://doi.org/10
.1073/pnas.1402564111.

. Lupatini M, Korthals GW, de Hollander M, Janssens TKS, Kuramae EE.

2016. Soil microbiome is more heterogeneous in organic than in con-
ventional farming system. Front Microbiol 7:2064. https://doi.org/10
.3389/fmicb.2016.02064.

. Pan Y, Cassman N, de Hollander M, Mendes LW, Korevaar H, Geerts RH,

van Veen JA, Kuramae EE. 2014. Impact of long-term N, P, K, and NPK
fertilization on the composition and potential functions of the bacterial

Volume 5 Issue 24 e00511-17

community in grassland soil. FEMS Microbiol Ecol 90:195-205. https://
doi.org/10.1111/1574-6941.12384.

. Minot SS, Krumm N, Greenfield NB. 2015. One codex: a sensitive and

accurate data platform for genomic microbial identification. bioRxiv.
https://doi.org/10.1101/027607.

. Menzel P, Ng KL, Krogh A. 2016. Fast and sensitive taxonomic classifi-

cation for metagenomics with Kaiju. Nat Commun 7:11257. https://doi
.org/10.1038/ncomms11257.

. Meyer F, Paarmann D, D'Souza M, Olson R, Glass EM, Kubal M, Paczian T,

Rodriguez A, Stevens R, Wilke A, Wilkening J, Edwards RA. 2008. The
metagenomics RAST server—a public resource for the automatic phy-
logenetic and functional analysis of metagenomes. BMC Bioinformatics
9:386. https://doi.org/10.1186/1471-2105-9-386.

. Okazaki K, lino T, Kuroda Y, Taguchi K, Takahashi H, Ohwada T, Tsuru-

maru H, Okubo T, Minamisawa K, lkeda S. 2014. An assessment of the
diversity of culturable bacteria from main root of sugar beet. Microbes
Environ 29:220-223. https://doi.org/10.1264/jsme2.ME13182.

. Tsurumaru H, Okubo T, Okazaki K, Hashimoto M, Kakizaki K, Hanzawa E,

Takahashi H, Asanome N, Tanaka F, Sekiyama Y, Ikeda S, Minamisawa K.
2015. Metagenomic analysis of the bacterial community associated with
the taproot of sugar beet. Microbes Environ 30:63-69. https://doi.org/
10.1264/jsme2.ME14109.

genomea.asm.org 2


https://doi.org/10.1093/nar/gkq1019
https://doi.org/10.1093/nar/gkq1019
http://metagenomics.anl.gov
https://doi.org/10.2136/sssaj2013.07.0287dgs
https://doi.org/10.1371/journal.pone.0099949
https://doi.org/10.1371/journal.pone.0099949
https://doi.org/10.1016/j.apsoil.2013.05.021
https://doi.org/10.1016/j.apsoil.2013.05.021
https://doi.org/10.1073/pnas.1402564111
https://doi.org/10.1073/pnas.1402564111
https://doi.org/10.3389/fmicb.2016.02064
https://doi.org/10.3389/fmicb.2016.02064
https://doi.org/10.1111/1574-6941.12384
https://doi.org/10.1111/1574-6941.12384
https://doi.org/10.1101/027607
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1186/1471-2105-9-386
https://doi.org/10.1264/jsme2.ME13182
https://doi.org/10.1264/jsme2.ME14109
https://doi.org/10.1264/jsme2.ME14109
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381855
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381878
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381880
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381886
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381887
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381892
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381894
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381897
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381899
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381902
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381903
https://www.ncbi.nlm.nih.gov/nuccore/SRR5381907
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

