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Abstract
Background: The cereal family Poaceae is one of the largest and most diverse angiosperm families. The
central component of centromere speci�cation and function is the centromere-speci�c histone H3
(CENH3). Some cereal species (maize, rice) have one copy of the CENH3 gene, while some (wheat, barley,
rye) have two. We applied a homology-based approach to sequenced cereal genomes, in order to �nally
trace the mutual evolution of the structure of the CENH3 genes and the nearby regions in various tribes.

Results: We have established that the syntenic group or the CENH3 locus with the CENH3 gene and the
boundaries de�ned by the Cdpk2 and bZip genes �rst appeared around 50 Mya in a common ancestor of
the subfamilies Bambusoideae, Oryzoideae and Pooideae. This locus came to Pooideae with one copy of
CENH3 in the most ancient tribes Nardeae and Meliceae. The βCENH3 gene as a part of the locus
appeared in the tribes Stipeae and Brachypodieae around 35-40 Mya. The duplication was accompanied
by changes in the exon-intron structure. Purifying selection acts mostly on αCENH3s, while βCENH3s
form more heterogeneous structures, in which clade-speci�c amino acid motifs are present. In barley
species, the βCENH3 gene assumed an inverted orientation relative to αCENH3 and the Cdpk2 gene was
substituted with Cbp3c. As the evolutionary and breeding processes went on, the locus was growing in
size due to an increasing distance between αCENH3 and βCENH3 because of a massive insertion of the
main LTR-containing retrotransposon superfamilies, gypsy and copia, without any evolutionary
preference on either of them. A comparison of the molecular structure of the locus in the A, B and D
subgenomes of the hexaploid wheat T. aestivum showed that invasion by mobile elements and
concomitant rearrangements took place in an independent way even in evolutionarily close species.

Conclusions: The CENH3 duplication in cereals was accompanied by changes in the exon-intron structure
of the βCENH3 paralog, which it was not in other plant taxa. The observed general tendency towards the
expansion of the CENH3 locus reveals an amazing diversity of ways in which different species implement
the scenario described in this paper.

Full Text
This preprint is available for download as a PDF.

Figures



Page 3/8

Figure 1

The phylogenetic tree inferred for the study species according to the classi�cation system of Soreng et al.
[22]. Under this system, ВОР and РАСМАD are two main clades: ВОР comprises the subfamilies
ambusoideae, Oryzoideae and Pooideae, and РАСМАD comprises the subfamilies Panicoideae,
Aristidoideae, Chloridoideae, Micrairoideae, Arundinoideae and Danthonioideae. The subfamilial and
tribal attribution of the study species and some of their details are given in Table 1. On the scale: the
ВОР/РАСМАD split time (60 Mya) and various lineage split times according to Chalupska et al. [49].

Figure 2
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A multiple alignment of the amino acid sequences of CENH3 proteins using the MUSCLE program [34].
For convenience, the alpha and beta forms are grouped into two separate blocks: 1 – 26 (αCENH3) and
27 – 45 (βCENH3). Amino acid residues identical in all species are shown as white letters on the black
background.

Figure 3
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The phylogenetic tree inferred from a comparison of the deduced CENH3 proteins using the ML method,
the JTT matrix-based model (Jones et al. 1992) and bootstrapping (1000 replicates). Initial tree(s) for the
heuristic search were obtained automatically by applying Neighbor-Join and BioNJ programs to a matrix
of pairwise distances estimated using a JTT model, and then selecting the topology with superior log
likelihood value. The tree with the highest log likelihood (-4953.06) is shown. A discrete Gamma
distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter =
1.0416)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per
site. This analysis involved 45 amino acid sequences. There were a total of 200 positions in the �nal
dataset. Evolutionary analyses were conducted in MEGA X [67]. Bootstrap values were calculated from at
least 1,000 replications. Amino acid sequences were aligned using MUSCLE with default settings. On the
branches: bootstrap values. The αCENH3-only clade is in a gray-�lled shape, the βCENH3-only clade is in
a light-blue-�lled shape; the βCENH3 clade comprised of Stipa spp. and Brachypodium sylvaticum is in a
dark-blue-�lled shape.

Figure 4

The exon-intron structure of the CENH3 genes in the study cereals. a: αCENH3; b: βCENH3. The upper
scale shows the dimensions in bp. The positions of stop codons in the third exon of βCENH3 localized on
the 1H chromosomes of barley are shown by crosses. Exons appear as �nger-post arrows.
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Figure 5

A comparison of αCENH3 and βCENH3 sequences in B. sylvaticum. a: Homologous regions in αCENH3
and βCENH3. Exons appear as �nger-post arrows. Thin/thick black straight lines: the presence/absence
of sequences in the alignment. In the Identity row: homology between the genes in this region, from 0 to
100%. b: Aberrant splice sites in βCENH3 after deletion of two exons together with adjacent introns. The
splice sites of exon 1 and exon 4 of αCENH3 (gt…ag). The exon sequence is in uppercase; the sequence
of the putative splice site of the introns is in lowercase; +/-, matches/mismatches with the canonical
GT|AG.
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Figure 6

The structure and evolutionary changes of the CENH3 locus. a: Syntenic genes comprising the CENH3
locus. The species with important events, such as the formation of a syntenic group (rice), the emergence
of the beta paralog (Stipa, Brachypodium), a within-locus duplication of the beta paralog (oat), the
inversion of the beta paralog (barley) and replacement of the 5’ marker gene (T. urartu) in their
evolutionary history are given as examples. b: The evolutionary changes in the size of the genes and
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intergenic spacers (ISs) comprising the CENH3 locus in Pooideae. Species not belonging to the tribe
Triticeae, are marked with asterisks.
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