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Abstract
Objectives

High-yielding crop varieties will become critical in meeting the future food demand in the face of worsening weather
extremes and threatening biotic stressors. Bread wheat cultivar Sonmez-2001 is a registered variety that is notable for
its performance under low irrigation conditions, which further improves upon irrigation. In order to explore and exploit
the genomic potential of this elite variety, in 2015, we sequenced the modern elite cultivar Sonmez genome which
represents a diverse genetic background. 

Data description

Here, we provide a reference-guided whole genome sequence of Sonmez-2001, assembled into 21 chromosomes of
the A, B and D genomes and totaling to 13.3 gigabase-pairs in length. Additionally, a de novo assembly, of an
additional 1.05 gigabase-pairs, was generated that represents either Sonmez-speci�c sequences or sequences that
considerably diverged between Sonmez and Chinese Spring. We identi�ed up to 24 million sequence variants, of
which up to 2.4% reside in coding sequences, that can be used to develop molecular markers that should be of
immediate use to the cereal community.

Objective
Triticum aestivum cv. Sonmez-2001 (Sonmez, hereafter) is a registered, elite bread wheat variety that has been bred
particularly for drylands. Accordingly, Sonmez exhibits remarkable tolerance against drought and performs
considerably better than its ancestor, Bezostaya-1, in terms of yield, stress tolerance and disease resistance. Sonmez
variety is notable for high yield and grain quality of ~15% protein content under rain-fed conditions, both of which
further improve with supplemental irrigation. Sonmez is also highly resistant against causal agents of devastating
diseases, in particular, against cereal cyst nematode and yellow rust. Sonmez has superior resistance against soil-
borne pathogens, and exhibit good tolerance against diseases affecting leaves and in�orescence. Due to these
attributes, Sonmez is the cultivar of choice for most of the Central Anatolian Plateau. Facing a fast-growing world
population, estimated to reach 9 billion people in the next three decades, and changing climate trends with harmful
effects on agriculture, securing the food demand of upcoming generations will require extensive improvements in
crop yields. With cereals being the staple food for the developing world, Sonmez is a promising candidate that can
contribute to meeting this demand. Here, we report a reference sequence of the Sonmez genome, and its comparative
analysis with Triticum aestivum genotype Chinese Spring, for which extensive data, including a high quality reference
genome sequence, is available.

Data Description
A paired-end (PE) library with an insert size of 350 base-pair was produced and sequenced on Illumina HiSeq 4000
platform at Genoscope - National Center of Sequencing, (Évry-Courcouronnes, France). The 970.6 gigabase-pair (Gbp)
of PE reads passing quality �lters were mapped against the Triticum aestivum Chinese Spring (CS) RefSeq v1.0
genome [1] in a 2-step approach. In the �rst step, an ungapped alignment was performed using BioKanga v3.4.5 using
default parameters but allowing for 2 mismatches per 100 bp. In the second step, the unmapped reads were mapped
with Bowtie2 v2.3.0 [2], allowing a single indel of length ≤ 9 bp with zero mismatches. Read alignments from both
mapping steps were merged using Sambamba v0.6.5 [3]. Regions containing read alignments with indels were
identi�ed and re-aligned using GATK v3.7 using default parameters with minor modi�cations (Data �le 1) [4]. 
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Sequence variations, including Single Nucleotide Polymorphisms (SNPs) and indels, were called by BCFtools v1.3.1
on pileups generated by SAMtools v1.3.1 [5]. Strict homozygous SNP and indel variants were identi�ed using GATK’s
SelectVariants to retain only variants with no support for the CS reference allele. These homozygous variants were
analysed by SNPeff v4.3i [6] to estimate their impact in the context of the CS RefSeq v1.0 High Con�dence gene
annotations, excluding intergenic regions. Using all identi�ed homozygous variants, we recalled the reference to
generate a “Sonmez reference sequence v1.0”. Where there was no coverage of the CS reference, we softmasked the
Sonmez genome sequence. It should be noted that these softmasked bases could represent regions which are either
deletions in Sonmez or insertions in CS. Finally, the read pairs that remained unmapped following the 2-step
alignment approach were de novo assembled to uncover Sonmez-speci�c genomic contigs. Sequences that may arise
from contaminants were �ltered out (Data �le 1) [4]. These de novo assembled sequences are referred as “Sonmez-
speci�c contigs” hereafter.

In total, 13.3 Gbp (91.51%) of the 14.5 Gbp CS reference genome assembly were covered by Sonmez reads, with a
mean depth of coverage of ~50x. We identi�ed between 3.15 – 23.96 million variants, depending on coverage
threshold used, of which between 0.03 – 3.23% were indel variants (Data �le 2, 3) [7, 8]. We found that 1.47 – 2.39%
of all variants fell within the RefSeq v1.0 High Con�dence gene annotations (Data �le 2) [7]. Of these, approx. 40% fell
within coding regions. Of the homozygous variants supported by ≥ 5 reads, we observed approximately 1 variant per
500 bp in the A and B genomes and approximately 1 variant per 4,000 bp in the D genome.

The Sonmez-speci�c contigs totaled 1.05 Gbp in length, the longest being 15,887 bp and having N50 and N90 of 427
bp and 269 bp, respectively. These contigs represent regions of the Sonmez genome which are either unique to
Sonmez (e.g. introgressions) or signi�cantly divergent compared to CS. An updated version (v5.3p01) of the TriAnnot
pipeline [9] optimized for wheat was used to generate similarity-based and ab initio gene models and annotate
repetitive elements on contigs that are longer than 10 kilobases (Data �le 4) [10]. Overall, 28 Sonmez-speci�c contigs
contained 35 gene models, of which 11 were high-con�dence.

The reference genome of Sonmez provides the �rst, in-depth look at the genome of an elite bread wheat variety that is
particularly notable for its performance under low-irrigation conditions. With this genome sequence, the long-awaited
Chinese Spring whole genome sequence will �nally be available for immediate use in breeding, whereby the two
genomes will not only unravel the ultimate content and organization of the bread wheat genome, but also generate a
pool of sequence variations that can be utilized to design and implement molecular markers.

Table 1: Overview of data �les/data sets
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Label Name of
data
�le/data set 

File types 

(�le
extension)

Data repository and identi�er (DOI or accession number)

Data
�le 1

Assembly
and variant
identi�cation
details for
Sonmez

Portable
Document
Format �le
(.pdf)

https://doi.org/10.6084/m9.�gshare.16992229 [4]

Data
�le 2

Summary
information
of sequence
variants
between
Sonmez and
CS

Portable
Document
Format �le
(.pdf)

https://doi.org/10.6084/m9.�gshare.16992322 [7]

Data
�le 3

Homozygous
SNP/indel
variants
identi�ed
between
Sonmez and
CS

Variant Call
Format �le
(.vcf.gz)

https://doi.org/10.6084/m9.�gshare.16992388 [8]

Data
�le 4

Gene models
and repeat
annotations
of Sonmez-
speci�c
contigs

XML
Spreadsheet
�le (.xlsx)

https://doi.org/10.6084/m9.�gshare.16992337 [10] 

Data
set 1

Sonmez
reference
genome
sequence
v1.0

Fasta �le
(.fasta.gz)

https://urgi.versailles.inra.fr/download/iwgsc/Turkish_elite_cultivar/ [11]

Data
set 2

Sonmez-
speci�c
contigs

Fasta �le
(.fasta.gz)

https://urgi.versailles.inra.fr/download/iwgsc/Turkish_elite_cultivar/ [12]

Limitations

Since the generation of the Sonmez-2001 v1.0 genome assembly, updates on the genome and genome annotation for
the reference genotype Chinese Spring was released (Latest version v2.1; https://wheat-urgi.versailles.inra.fr/Seq-
Repository/Assemblies). An updated genome sequence for Sonmez-2001 based on the latest release of the reference
genome, in the future, may contain small differences to the v1.0 genome published here.

Abbreviations
CS: Chinese Spring; Gbp: Gigabase-pair; PE: Paired-End; SNP: Single Nucleotide Polymorphism
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