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Abstract

Centromeres typically contain tandem repeat sequences, but centromere function does not
necessarily depend on these sequences. We identified functional centromeres with signifi-
cant quantitative changes in the centromeric retrotransposons of wheat (CRW) contents in
wheat aneuploids (Triticum aestivum) and the offspring of wheat wide hybrids. The CRW
signals were strongly reduced or essentially lost in some wheat ditelosomic lines and in the
addition lines from the wide hybrids. The total loss of the CRW sequences but the presence
of CENH3 in these lines suggests that the centromeres were formed de novo. In wheat and
its wide hybrids, which carry large complex genomes or no sequenced genome, we per-
formed CENH3-ChIP-dot-blot methods alone or in combination with CENH3-ChIP-seq and
identified the ectopic genomic sequences present at the new centromeres. In adcdition, the
transcription of the identified DNA sequences was remarkably increased at the new centro-
mere, suggesting that the transcription of the corresponding sequences may be associated
with de novo centromere formation. Stable alien chromosomes with two and three regions
containing CRW sequences induced by centromere breakage were observed in the wheat-
Th. elongatum hybrid derivatives, but only one was a functional centromere. In wheat-rye
(Secale cereale) hybrids, the rye centromere-specific sequences spread along the chromo-
some arms and may have caused centromere expansion. Frequent and significant quantita-
tive alterations in the centromere sequence via chromosomal rearrangement have been
systematically described in wheat wide hybridizations, which may affect the retention or
loss of the alien chromosomes in the hybrids. Thus, the centromere behavior in wide
crosses likely has an important impact on the generation of biodiversity, which ultimately
has implications for speciation.
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Characterization and Genome Changes of New Amphiploids from
Wheat Wide Hybridization

The introduction of alien genes or chromosome fragments
from wild related species into wheat (Triticum spp.) has been
considered valuable for wheat breeding (Valkoun, 2001).
Several relatives, such as Secale cereale (Gupta and Shepherd,
1993; Ma et al., 2000), Thinopyrum elongatum (Liu et al.,
2008), Th. intermedium (Cao et al., 2014) and Th. ponticum
(Li et al., 2008) showed distinct applications of introgression
of interesting genes or traits into wheat. However, there are
still some challenges in using these genetic resources. The
introgressed alien fragments often bring genes with potentially
negative impacts on the traits. In this letter, we mainly focus
on multi-strategies for synthesis of polyploids between wheat
and rye, Th. elongatum, Th. intermedium and Th. ponticum.
We have successfully selected different novel ploidy triticale
and trititrigia lines which carried excellent disease-resistance
genes and could provide essential genetic resources for
wheat breeding.

The hexaploid and octoploid triticales were produced by
hybridization between tetraploid or hexaploid wheat and S.
cereale. Recently, we found that four accessions of S. cereale
had excellent resistance to wheat stem rust Ug99 (Table S1).
In order to introduce these useful sources to wheat, different F,
hybrids were formed that carried half number of chromosomes
from the bi-parents respectively (Fig. 1A and C). They showed
highly sterile and regained fertility by genome doubling and
unreduced gametes (Fig. 1B and D) (Xu and Joppa, 2000).

Previous studies reported that Th. elongataum (2n = 28) may
be an autotetraploid at first and subsequently experienced
genome differentiation and evolution (Charpentier and
Feldman, 1988; Li et al., 2005). We observed that three pairs
of 45S rDNA loci on the chromosomes, indicating that Th.
elongatum Ae4l (EEE,E, = 28) contained two distant and
homoeologous genomes (Fig. 1E). In F; hybrids of T. durum
Renmin (AABB, 2n = 28) and Ae41, fourteen alien chromo-
somes inherited from Ae41 partially paired in metaphase I
during meiosis (Figs. 1F and S1B). However, the hybrids were
still highly sterile because there were plenty of univalent
generated from the A and B genomes in F; hybrids (Fig. S1A).
After backcrossing with 7. durum, BC; plants had 42

http://dx.doi.org/10.1016/j.jgg.2015.06.006

chromosomes, most of which could paired very well (Fig. 1G).
Interestingly, the selfed progenies of BC; plants had variable
numbers of Th. elongatum-derived chromosmes (Fig. 1H and I).
One pair of chromosomes with the same 45S rDNA loci was
always observed in two selfed progenies (Figs. 1H and I, S1B),
indicating partial homoeologous chromosomes between E; and
E, genome preferred pairing to segregating when pivotal chro-
mosomes from 7. durum were integrated. After successive
backcrossing of BC; plants, new hexaploid trititrigias 8801,
8802 and 8803 (2n = 42) were formed and exhibited excellent
resistance to fusarium head blight (FHB) (Figs. 1J and S2).
Furthermore, 8802 and 8803 also showed high resistance to
Ug99 (Table S1).

With FISH detection of 45 rDNA loci, several unpaired
chromosomes were retained in Th. intermedium (2n = 42)
(Fig. S3A). However, similar to Ae41, homoeologous chro-
mosome pairing also occurred among the three different ge-
nomes in Th. intermedium. New hexaploid trititrigia 363-1-21
(2n = 42) gradually formed by several times of backcrossing
of F; hybrids (n = 35) and also showed high resistance to FHB
(Figs. S2, S3B and S4).

High molecular weight (HMW) glutenin subunits showed
great changes in five hexaploid trititrigias derived from Th.
elongatum (8801, 8802 and 8803) and Th. intermedium (363-
1-21 and 8704) comparing to their parent lines (Fig. S5). In
8802, a novel band (n) appeared which was found in neither 7.
durum nor Th. elongatum (Fig. S5A). Interestingly, HMW
glutenin subunits d and g existed in Renmin and Italy363, but
disappeared in 8801, 8802 and 8803 (Fig. S5A). With the
analysis of gliadin, we found 8801 and 8803 contained six new
gliadin bands (e, 1; B, 1; v, 2; w, 2), and 8802 contained four
new gliadin bands (a, 1; v, 2; w, 1) (Fig. S5D). In addition,
8704 contained two new gliadin bands in  zone and 363-1-21
contained two new gliadin bands in o zone (Fig. S5E).

Chromosomes derived from different genomes in 7h. pon-
ticum (2n = 70) still presented partial homology in pairing.
Fifty-six chromosomes were found in all the F; hybrids of
hexaploid wheat and Th. ponticum (Fig. 1K). Interestingly,
partial F; hybrids kept high fertility by successive selfing. Six

1673-8527/Copyright © 2015, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, and Genetics Society of China. Published by Elsevier
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