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Characterisation of the gametocidal 
introgression from Ae. sharonensis

68 SNP Markers were developed in the gametocidal
introgression between wheat and Ae. sharonensis using
genome synteny with rice and Brachypodium, publicly
available wheat genomic sequence and Ae. sharonensis
transcriptome sequence (Bouyioukos et al., 2013) as shown
in Fig. 2.

A hybrid F1 population created by crossing the ILs 8/2 and
8/9 with Huntsman wheat was irradiated with a dose 300 Gy.
1658 M1 plants were phenotyped for spike fertility. Of the 68
markers developed, 54 were used to genotype the M1

population to reveal 16 lines carrying deletions of varying
sizes in the 4SshL segment and order the markers further
within the 4SshL segment as shown in Fig 3.

Figure 3. Genotypes of ILs and M1 deletion lines using 30 KASPTM assays and 24 
sequencing markers with respective spike fertility data. ‘-/-‘ in blue represents the 
homozygous wheat allele and ‘+/-‘ in green represents the Ae. sharonensis allele, 

heterozygous with the wheat allele. The markers in yellow at the bottom represent 
the smaller size of the 4SshL introgression in IL T4B-4Ssh#1. Below each line is the 

respective percentage of viable seeds in spikes of these lines and is represented as 
percentage of spike fertility.

Introduction

Many wild relatives have rearranged their chromosomes
relative to that of wheat making gene transfer difficult, if not
impossible, via recombination. Some wild species’
chromosomes were found to transmit preferentially to the
offspring and are called gametocidal chromosomes. The
gametocidal genes in Aegilops sharonensis are exclusively
transmitted to the next generation through both the male
and female gametes when introduced into wheat. Thus,
those traits linked with gametocidal genes are found in all
offspring without the requirement for selection. Gametocidal
genes induce chromosomal fragmentation, in gametes, early
embryo and endosperm development. Previous studies
indicate that at least two-linked genes are involved in the
mechanism responsible for preferential transmission. The
first, the ‘breaker’, induces chromosome breakage while the
second, the ‘inhibitor’, prevents chromosome breakage.

The chromosomal region (4SshL) carrying the gametocidal
genes from Ae. sharonensis has been translocated onto Chr
4D of Brigand wheat (introgression line ILs 8/2 and 8/9; King
et al., 1996) and Chr 4B of Chinese Spring (T4B-4Ssh; Friebe et
al., 2003) as shown in Fig. 1 (Grewal et al., 2017). Friebe et
al. (2003) also developed a knock-out mutant of the
‘breaker’ element Gc2 on Ae. sharonensis chromosome 4Ssh

(T4B-4Ssh#1, which has lost the chromosome ‘breaker’
function, but has retained the ‘inhibitor’ element).

Figure. 4 Visualisation and comparison of sequence of 4SshL to find SNPs specific to
EMS-mutant line T4B-4Ssh#1. Snapshot of a region of sequence comparison at
contig_64128 position 139, between reference sequence T4B-4Ssh and Chr 4B
substitution line CS(4B)4Ssh, both showing base G at that position as compared to the
EMS-mutant line T4B-4Ssh#1 showing base A at that position. Since the sequence for
Chinese spring does not exist for this contig, the SNP at position 139 is unique to T4B-
4Ssh#1.

Table 1. Summary of variant calling details for 18 candidate contigs that showed
unique SNPs between T4B-4Ssh#1 and T4B-4Ssh.

Targeted Sequencing of the 4SshL introgression

In order to find the mutation responsible for the fully fertile
phenotype in line T4B-4Ssh#1, a comparison of the sequence of the
mutant introgression was made with it’s non-mutant sequence from
the T4B-4Ssh line using target capture and next-generation
sequencing as shown in Fig. 4. This work resulted in 18 potential
candidate genes in Ae. sharonensis for the gametocidal ‘breaker’
element GcB as shown in Table 1.

 

Contig name Position REF ALT Raw depth 
read 

Variant allele 
frequency (%) 

SNP 
region 

Predicted Protein 
change 

Associated protein (BLASTX) 

contig_14317 409 G A 4 100.0 Exon - 
Hypothetical protein TRIUR3_21892 

[T.urartu] 

contig_18374 248 G A 13 100.0 Intron - - 

contig_26579 67 C T 2 100.0 Exon Proline Serine 
Pentatricopeptide repeat-containing protein 

(PPR) At2g15630-like [B.distachyon] 

contig_27312 157 C T 3 100.0 Exon Proline Serine 
Wall-associated receptor kinase 3 

[Ae.tauschii] 

contig_36992 207 C T 5 100.0 Exon - Hypothetical protein F775 19782 [Ae.tauschii] 

contig_38090 148 C T 12 100.0 Exon Valine Isoleucine Hypothetical protein F775 21897 [Ae.tauschii] 

contig_39789 78 G A 3 100.0 Intron - - 

contig_39789 84 G A 4 100.0 Intron - - 

contig_39798 222 G A 7 100.0 Intron - - 

contig_40907 117 G A 3 100.0 Exon Alanine Threonine 
Lectin-domain containing receptor kinase 

A4.2 [Ae.tauschii] 

contig_45712 328 C T 4 100.0 Intron - - 

contig_45712 354 G A 3 100.0 Intron - - 

contig_49742 214 G A 3 100.0 Intron - - 

contig_56325 66 G A 6 100.0 Intron - - 

contig_57351 254 G A 3 100.0 Intron - - 

contig_58421 172 C T 6 100.0 Exon Glutamic acidLysine 
GDSL esterase/lipase At5g45910-like 

Si006718m 
[S. italica] 

contig_62039 270 G A 3 100.0 Intron - - 

contig_62723 298 C T 5 100.0 Intron - - 

contig_62723 337 C T 6 100.0 Intron - - 

contig_62723 357 G A 5 100.0 Intron - - 

contig_64128 139 G A 12 80.0 Exon Cysteine Tyrosine Hypothetical protein F775 00528 [Ae.tauschii] 

contig_64143 143 C T 4 100.0 Intron - - 

Synteny-based approaches to establish a putative gene order along Ae. sharonensis 4SshL

Among the 68 markers developed in the 4SshL segment, 57 orthologous genes were identified in rice, 61 in B. distachyon, 38 in wheat 
and 51 in barley.

Figure 2. Schematic representation of the syntenic relationships between Ae. sharonensis 4SshL segment and the orthologous chromosomes in (a) rice Os3S, (b) B. distachyon Bd1L, (c) wheat 
4BL, (d) barley 4HL chromosomes in which syntenic links were identified with the 4SshL segment. Large ribbons and individual coloured lines represent the syntenic regions identified with 

each species while twists within the ribbons indicate reciprocally mapped groups of markers. Markers names are indicated as ordered on the 4SshL segment and corresponding orthologous 
gene names for all four species is indicated where available. Black regions of the chromosomes correspond to the telomeres of Ae. sharonensis 4SshL, rice Os3S, B. distachyon Bd1L, wheat 4BL 

and barley 4HL. The yellow segment around the distal end of 4SshL represents the smaller introgression region in IL T4B-4Ssh#1. 
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RNA-seq analysis of  the 4SshL introgression

Previous work suggests that the Gc element has the maximum effect during initial embryo development 28-
32 hours after pollination (King and Laurie, 1993). Thus, ovules were dissected from the following crosses, as 
shown in Figure 5, 30 hours after pollination and total RNA extracted for gene expression analysis. 

1. CS x CS, 2. AS x AS, 3. M4B x CS(4B)4Ssh, 4. M4B x T4B-4Ssh, 5. M4B x T4B-4Ssh#1, 
where CS is Chinese Spring wheat, AS is Ae. sharonensis and M4B is CS monosomic for Chr 4B and was used 
as the female donor. The latter when crossed with a Gc element containing line shows more chromosome 
breakage than normal euploid wheat. RNA-seq results have been obtained and the data is being analysed.
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Figure 5. Dissection of an ovule from a 
wheat stigma follows steps 1-4.


