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Flax (Linum usitatissimum L.), one of the important and ver-
satile crops, is used for the production of oil and fiber. To
obtain high and stable yields of flax products, L. usitatissi-
mum varieties should be cultivated under optimal conditions,
including the composition of the soil microbiome. We eval-
uated the diversity of microorganisms in soils under con-
ditions unfavorable for flax cultivation (suboptimal acidity
or herbicide treatment) or infected with causative agents
of harmful flax diseases (Septoria linicola, Colletotrichum lini,
Melampsora lini, or Fusarium oxysporum f. sp. lini). For this
purpose, twenty-two sod-podzolic soil samples were col-
lected from flax fields and their metagenomes were analyzed
using the regions of 16S ribosomal RNA gene (16S rDNA)
and internal transcribed spacers (ITS) of the ribosomal RNA
genes, which are used in phylogenetic studies of bacteria
and fungi. Amplicons were sequenced on the Illumina MiSeq
platform (reads of 300 + 300 bp). On average, we obtained
8,400 reads for ITS and 43,300 reads for 16S rDNA per sam-
ple. For identification of microorganisms in the soil samples,
the Illumina reads were processed using DADA2. The raw
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data are deposited in the Sequence Read Archive under the
BioProject accession number PRJNA956957. Tables listing the
microorganisms identified in the soil samples are available in
this article. The obtained dataset can be used to analyze the
fungal and bacterial composition of flax field soils and their
relationship to environmental conditions, including subopti-
mal soil acidity and infection with fungal pathogens. In ad-
dition, it can help to understand the influence of herbicide
treatment on the microbial diversity of flax fields. Another
useful application of our data is the ability to assess the suit-
ability of the soil microbiome for flax cultivation.
© 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject Agricultural Microbiology, Microbiology: Microbiome.

Specific subject area Soil Metagenomics.

Data format Raw (fastq files) and Analyzed (lists of microorganisms identified in the soil
samples).

Type of data Amplicon sequence data and Tables.

Data collection Twenty-two sod-podzolic soil samples with different characteristics were

collected from flax fields at a depth of about 20 cm. Total DNA was extracted
from each sample. To assess the fungal and bacterial composition of the soil
samples, ITS and 16S rDNA regions were deep-sequenced on Illumina MiSeq
(paired-end reads, 300 + 300 bp). Lists of microorganisms were generated

using DADA2.

Data source location Soil samples were collected from flax fields of the Institute for Flax (Torzhok,
Russia). Details are given in Table 1 of this article.

Data accessibility Raw amplicon sequences are available at the NCBI Sequence Read Archive

(SRA) under the BioProject accession number PRJNA956957
(https://www.ncbi.nlm.nih.gov/sra/PRJNA956957). Lists of microorganisms
identified in the soil samples are available in this article.

1. Value of the Data

+ The dataset is a valuable source of information on fungal and bacterial biodiversity in soil
ecosystems. They are particularly important in the context of the cultivation of agricultural
plants, which are influenced by various external abiotic factors and microorganisms.

« The data would be useful for ecological and microbiological analyses of the diversity of
microorganisms in soil ecosystems under different conditions. The dataset could also help
to reveal a possible relationship between flax fungal infection and the composition of soil
microorganisms.

+ The dataset allows to assess the level of pressure caused by human agricultural activities
(herbicide treatment, artificial changes in soil acidity) on soil ecosystems. These data could
be compared with others obtained from wild communities.

« The data could be used to assess the suitability of the soil microbiome for flax cultivation.

» The dataset provides an opportunity to study evolution and relationships between taxa
using ITS sequences for fungi and 16S rDNA sequences for bacteria.

2. Data Description

Such a valuable agricultural crop as flax (Linum usitatissimum L.) is used for its fiber and
seeds, which are the richest source of lignans and are high in omega-3, easily digestible pro-
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tein, dietary fiber, vitamins, and minerals. Linseed is also used in the production of environmen-
tally friendly paints, varnishes, composites, and animal feed [1-3]. To produce high-quality flax
products, L. usitatissimum varieties should be grown under specific conditions in soils with an
optimal microbiome composition. The majority of known causative agents of flax diseases are
soil-borne and seed-borne [4]. Research by Hartman and Tringle suggested that the composi-
tion and function of the root microbiome were closely related to abiotic stress and the ultimate
consequences for plant health [5]. In the present study, we collected samples of soils infected
with Septoria linicola, Colletotrichum lini, Melampsora lini, or Fusarium oxysporum f. sp. lini, which
cause the most harmful flax diseases [6,7], soils with suboptimal acidity for flax cultivation [8,9],
and soils treated with herbicides. Understanding the diversity of the microbiome in relation to
soil conditions and its association with flax growing plays an important role in the successful
cultivation of this crop. In the future, it may be possible to assess the suitability of soils for
flax growing based on the composition of the microbiome and improve it, for example, through
microbiological treatment.

To evaluate the diversity of microorganisms under the studied conditions (different soil acid-
ity, herbicide treatment, and infection with pathogens), we collected 22 sod-podzolic soil sam-
ples in flax fields divided into experimental sections. Soil samples infected with pasmo, anthrac-
nose, or rust causative agents were obtained from the first field. Soil samples from the second
field had suboptimal soil acidity (pH=6.0) or were treated with about 10 mg/ha or 50 mg/ha
of herbicide. We also obtained samples of soils with pH levels between 4.5 and 6.0 or infected
with Fusarium oxysporum f. sp. lini (Table 1). Each group of experimental samples had a matched
control sample.

For the 22 soil samples, we deep-sequenced the fragments of the regions commonly used
in phylogenetic studies of bacteria and fungi: 16S ribosomal RNA gene (16S rDNA) and internal
transcribed spacers (ITS) of the ribosomal RNA genes [10,11].

Amplicon libraries were prepared by two-step PCR. The following primers were used in the
first step: ITS1_fu_lllu_F and ITS4_Illu_R for ITS, and 16S_F and 16S_R for 16S rDNA (Table 2).
In the second step, Nextera XT Index primers were applied. Amplicons were sequenced on the
[llumina MiSeq platform (reads - 300+300 bp). On average, we obtained 8,400 (range - 1,700-
17,500) reads for ITS and 43,300 (range - 31,000-58,800) reads for 16S rDNA. Raw data (fastq
format) were deposited in the Sequence Read Archive (SRA) under the BioProject accession num-
ber PRJNA956957. These data play a key role in assessing the genetic diversity of soil microor-
ganisms, including pathogenic fungi and bacteria, and in developing time-saving and accurate
test systems for assessing soil quality. Based on this dataset, future research will provide further
insight into the question of soil microbiome composition and its effect on flax cultivation.

The list of microorganism taxa in each sample was generated by automated comparison of
the obtained sequence variants with DNA sequences deposited in GenBank using DADA2 [12].
The ratio of bacterial and fungal taxa in each soil sample is available in Supplementary Table 1
(ITS) and Supplementary Table 2 (16S rDNA). Figures representing the ratio of fungal and bac-
terial Classes (as an example) in soil samples from flax fields with different characteristics are
available in Supplementary Figure 1 (ITS) and Supplementary Figure 2 (16S rDNA).

3. Experimental Design, Materials and Methods
3.1. Material

Twenty-two soil samples from experimental flax fields and soil boxes were provided by the
Institute for Flax (Torzhok, Russia). The studied soil was of the sod-podzolic type and was taken
at a depth of 20 cm. The studied material included soil samples with suboptimal acidity, treated
with herbicides, and infected with pathogens leading to pasmo (Septoria linicola), anthracnose
(Colletotrichum lini), rust (Melampsora lini), or fusarium wilt (Fusarium oxysporum f. sp. lini)
(Table 1). The infected areas of flax fields were created according to the methods described in
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List of soil samples under study, their characteristics and sampling locations.

Sample Soil characteristics Sampling location*
name
S1 Infected with a pasmo causative agent (Septoria linicola) Flax field, 57.053056 N, 35.045556 E
S2 Infected with an anthracnose causative agent Flax field, 57.053056 N, 35.045556 E
(Colletotrichum lini). No plants. Biological replicate for S3
S3 Infected with an anthracnose causative agent Flax field, 57.053056 N, 35.045556 E
(Colletotrichum lini). No plants. Biological replicate for S2
S4 Infected with an anthracnose causative agent Flax field, 57.053056 N, 35.045556 E
(Colletotrichum lini)
S5 Infected with a rust causative agent (Melampsora lini). Flax field, 57.053056 N, 35.045556 E
Biological replicate for S6
S6 Infected with a rust causative agent (Melampsora lini). Flax field, 57.053056 N, 35.045556 E
Biological replicate for S5
K_S1-S6 Control for S1-S6 Flax field, 57.053611 N, 35.045833 E
S7 pH=6.0 Flax field, 57.051667 N, 35.052222 E
S8 Herbicide «Magnumy, 10 mg/ha Flax field, 57.050556 N, 35.052222 E
S9 Herbicide «Magnumy, 50 mg/ha. Biological replicate for Flax field, 57.050556 N, 35.052222 E
S10
S10 Herbicide «Magnumb», 50 mg/ha. Biological replicate for Flax field, 57.050556 N, 35.052222 E
S9
K_S7-S10 Control for S7-S10 (pH=5.2). Biological replicate for Flax field, 57.050556 N, 35.052222 E
K2_S7-S10
K2_S7-S10  Control for S7-S10 (pH=5.2). Biological replicate for Flax field, 57.050556 N, 35.052222 E
K_S7-S10
S11 Infected with a fusarium wilt causative agent (Fusarium Experimental soil box, Institute for Flax,
oxysporum f. sp. lini). Biological replicate for S12 Torzhok, Russia
S12 Infected with a fusarium wilt causative agent (Fusarium Experimental soil box, Institute for Flax,
oxysporum f. sp. lini). Biological replicate for S11 Torzhok, Russia
K_S11-S12  Control for S11-S12 Experimental soil box, Institute for Flax,
Torzhok, Russia
S13 pH=6.0. Biological replicate for S14 Experimental soil box, Institute for Flax,
Torzhok, Russia
S14 pH=6.0. Biological replicate for S13 Experimental soil box, Institute for Flax,
Torzhok, Russia
K_S13-S14  Control for S13-S14 (pH=5.2) Experimental soil box, Institute for Flax,
Torzhok, Russia
S15 Liming to pH=5.2. Biological replicate for S16 Experimental soil box, Institute for Flax,
Torzhok, Russia
S16 Liming to pH=5.2. Biological replicate for S15 Experimental soil box, Institute for Flax,
Torzhok, Russia
K_S15-S16  Control for S15-S16 (pH=4.5) Experimental soil box, Institute for Flax,

Torzhok, Russia

Note: Flax plants were growing in soil at the time of collection, unless otherwise noted. * - north latitude and east
longitude.

Loshakova et al. [6]. The acidity of pH=5.2 (optimal for flax cultivation) for samples S15 and
S16 was achieved by liming. All other samples were taken from fields and had a natural pH
level (see Table 1). The treatment with the herbicide “Magnum” was carried out in June, about
3 weeks after the germination of flax. The herbicide was applied at concentrations of about 10
mg/ha and 50 mg/ha. The collected soil samples were stored at -75°C until DNA extraction.

3.2. DNA extraction and quality control

DNA was extracted from 22 soil samples (average mass was about 250-300 mg) according to
the standard protocol of Syntol “MetaGen” kit (Russia). Agarose gel electrophoresis (2% agarose)
and Qubit fluorometer (Thermo Fisher Scientific, USA) were used to control DNA quality and
evaluate DNA quantity.
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Table 2

Primer sequences used for the first step of library preparation.
Primer name Primer sequence Target locus
ITS1_fu_Illu_F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTTGGTCATTTAGAGGAAGTAA ITS [16]
ITS4_Illu_R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCCTCCGCTTATTGATATGC ITS [16]
16S_F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG 16S rDNA [15]
16S_R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC 16S rDNA [15]

Note: The Illumina overhang adapter sequences (bold font) were added to the locus-specific primers (normal font).

3.3. DNA library preparation and sequencing

Amplification of ITS and 16S rDNA regions was performed for 22 soil samples. Amplicon li-
braries were prepared according to the protocol with two-step PCR, as described in our pre-
vious articles [13,14]. Briefly, in the first step, target sequences were amplified using primers
containing locus-specific sequences for ITS and 16S rDNA amplification [15,16] and overhang
adapters (Table 2). For each sample, amplicons were pooled equimolarly and the second PCR
was performed with Nextera XT Index primers consisting of dual-index barcodes and sequenc-
ing adapters. All PCR products were then pooled equimolarly and the library was assessed for
quality using the 2100 Bioanalyzer (Agilent Technologies, USA) and for quantity using the Qubit
fluorometer (Thermo Fisher Scientific). The library was sequenced on the MiSeq platform (Illu-
mina, USA) with the Illumina MiSeq Reagent Kit v3 (600 cycles).

3.4. Preliminary data analysis

The pairs of Illumina reads were demultiplexed by forward primers using cutadapt (-no-
indels, —action=none) [17]. Then, reverse reads from the demultiplexed pairs were treated as
forward reads, and the pairs were demultiplexed again by reverse primers using the same soft-
ware (-no-indels, —action=none). In the next step, the reads were processed with DADA2 [12],
including error correction, ribosomal sequence variants (RSV) inference, and chimeric RSV re-
moval. Forward and reverse reads were merged using MeFiT [18] prior to DADA2 processing,
as the overlap region of the reads is quite small, with a general tendency to drop in quality
towards the 3’-end. Annotation of the obtained RSV sequences was performed using the Silva
138.1 database [19] with the built-in DADA2 engine (namely, the RDP naive Bayesian classifier
[20]).

Limitations

Absence of biological replicates for some samples.
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