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Plant Cenh3 Evolution Is Congruent With The
Phylogeny Of Plant Species
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Abstract: Centromere plays a major role in the faithful segregation of chromosomes during cell division. This task is achieved by a large protein complex
called kinetochore, which is made of several proteins. The centromere is characterized by a histone H3 variant popularly called CENP-A in humans and
CenH3 in plants. CenH3 is one of the most rapidly evolving proteins, which is a paradoxical situation for a protein involved in essential biological
function. Additionally, many of the kinetochore proteins found in mammals are missing or have extremely high divergence in plants. Therefore,
understanding the phylogeny of CenH3 in plants is important for studying kinetochore assembly in plants. In this study, we utilized a computational
approach using R and Bioconductor for a comprehensive study of plant CenH3. We found five major clades of plant CenH3 among which the N-terminus
is highly divergent and the conserved regions were clustered in three domains. This study has revealed the detailed analyses of plant CenH3 and it will
be useful for further investigation aiming at the determination of precise biological functions including its interaction with other proteins that help in the
maintenance of centromere structure and function in plants.
Index Terms: CenH3, histones, centromere, plants, kinetochore, Bioconductor, Biomart, Ensembl.
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1.

INTRODUCTION

2 METHODS

CHROMOSOMES are the functional unit of inheritance, and
therefore their proper and faithful segregation to daughter cells
is for successful chromosome transmission at cell division [1],
[2]. This faithful segregation of chromosomes is ensured by
complex biological machinery, the kinetochore, which is
formed by the interaction of a large number of proteins on the
centromere [3]. The centromere region of a chromosome is
characterized by a histone H3 variant known as CenH3 [4].
Usually, the proteins for essential functions in a system are
highly conserved. However, despite involvement in the
essential biological function, CenH3 proteins are poorly
conserved and are known to be rapidly evolving protein [5],
[6]. On the other hand, all the core histones including
canonical H3 are one of the most conserved eukaryotic
proteins [6]. The mammalian centromeric proteins, including
CenH3 and its molecular partners, which are involved in the
assembly and maintenance of kinetochore in the centromere
region are well studied and known [7], [8], [9]. However, their
homologs in plants are usually missing. This is conceivable as
the CenH3 between mammals and plants is also not
conserved and displays a high level of divergence. The study
of centromeric proteins in plants has left far behind compared
to the same in mammals and as of now, the majority of
molecular partners of cenH3 and kinetochore proteins are still
not known in plants. This prompted us to undertake a
phylogenetic study of CenH3 proteins from plants and to test if
their phylogeny is congruent with the phylogeny of plant
species.

2.1 Software and Programming language used
For this in silico study, the Bioconductor [10], R programming
language [11] based open source and open development
software project was used for the analysis and comprehension
of data. The complete analysis in this study was performed in
the RStudio [12], which is the most widely used integrated
development environment (IDE) for R. The list of plant
datasets was retrieved using the ‘listMarts’, ‘useMart’, and
‘listDatasets’ functions of ‘BiomaRt’ package [13], [14]. Selfmade R scripts in the Bioinformatics laboratory of the PP
Savani University, Surat Gujarat were used for all the analysis.
2.2 Taxonomic classification of Ensembl plant datasets
The taxonomic classification of each species in the datasets to
their respective family and genus were performed using the
‘tax_name’ function of taxize package [15].
2.3 Retrieval of HMGA orthologs from plants
The Oryza sativa japonica was used as the reference plant for
the analysis of CenH3 because it is one of the most widely
studied plant for which the complete genome is also available.
The
Ensembl_gene_id
for
Oryza
sativa
japonica
Os05g0489800 was used to retrieve the complete protein
sequence for CenH3 protein. The ‘getBM’ function of biomaRt
was used to extract ensembl_peptide_id and peptide
sequence for CenH3 from Oryza sativa dataset
(osativa_eg_gene).
The
ensembl_peptide_id
of
the
corresponding homologs of each available plants listed in the
attribute feature of Oryza sativa mart of BiomaRt were
obtained from the biomaRt using the getBM function.
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2.4 Multiple sequence alignment and Phylogenetic
analysis of plant CenH3
After retrieving the ensembl_peptide_id for the Oryza sativa
japonica CenH3 orthologs, the corresponding sequences were
retrieved using biomaRt package (S4, Supplementary
materials). The ClustalW multiple sequence alignment was
performed in R Studio using the msa package [16]. The
distance matrix was computed using ‘dist.alignment’ function
of sequin package [17]. The resultant distance matrices were
utilized for constructing a Phylogenetic tree using the
neighbor-joining method in the ape package [18], ggplot2
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package [19], and ggtree package [20].

3 RESULTS
3.1 Taxonomic classification of Ensembl plant datasets
The in silico analysis of plant marts in Ensembl biomaRt
database identified a total of 59 datasets each for a different
plant species (Table S1, Supplementary materials). Analysis of
taxonomic classification using taxize package resulted in the
identification of 24 different families, namely, ‘Actinidiaceae’,
‘Amborellaceae’, ‘Apiaceae’, ‘Asteraceae’, ‘Bathycoccaceae’,
‘Brassicaceae’, ‘Chenopodiaceae’, ‘Chlamydomonadaceae’,
‘Cyanidiaceae’, ‘Cyanidiaceae’, ‘Dioscoreaceae’, ‘Fabaceae’,
‘Funariaceae’, ‘Gigartinaceae’, ‘Malvaceae’, ‘Musaceae’,
‘Pleosporaceae’, ‘Poaceae’, ‘Ranunculaceae’, ‘Rosaceae’,
‘Salicaceae’, ‘Selaginellaceae’, ‘Solanaceae’, and ‘Vitaceae’.
The taxonomic classification including species, family, genus,
and source database for each plant datasets are shown in
Table S2 (Supplementary materials).
3.2 Retrieval of CenH3 orthologs from Plants
The analysis of plant Ensembl in biomaRt resulted in a total 59
datasets each for a different plant species (Table S1,
Supplementary materials). Among all these 59 species, the
Oryza sativa japonica was selected as the reference species
for two reasons- (i) it is one of the most widely studied
species, and (ii) its complete genome has already been
sequenced and annotated in greater detail. The retrieved
CenH3 protein was found to be 164 aa in size with
ensemble_peptide_id
Os05t0489800-01
(Table
S3,
Supplementary materials). As Oryza sativa CenH3 was the
reference for which we were retrieving orthologs, the
osativa_eg_homolog_ensembl_peptide was removed from the
list of attributes for retrieving orthologs from plants. Out of the
remaining 58 species listed in datasets, the CenH3 only 44
were identified to have ensembl_peptide_id, rest 14 did not
exhibit any ensembl_peptide_id for cenH3. Among the
remaining 44, some exhibited only one ensembl_peptide for
Oryza sativa CenH3 orthologs while for others multiple IDs
were retrieved (Table S4, Supplementary Materials). A total of
52 unique ensembl_peptide_ids were retrieved from 42 plant
species (Table S4: Supplementary materials). The protein
sequences for each of the 52 unique ensembl_peptide_id for
Oryza sativa japonica CenH3 were retrieved using biomaRt.
The retrieved protein sequences for 5 ensembl_peptide_id
including,
AET1Gv20727100.5,
AET1Gv20727400.1,
HORVU1Hr1G068770.1, HORVU0Hr1G023660.1, OIW14720,
appeared partial as the initiator methionine was found missing
in these sequences (Table S4, Supplementary Materials).
Therefore, these sequences were removed from further
analysis and only 47 sequences were used.
3.3 Five major evolutionary clades of plant CenH3
Phylogenetic analysis of plant CenH3s (orthologs of Oryza
sativa japonica CenH3) resulted in the formation of five major
evolutionary clades suggesting their evolution among different
families of plants (Fig. 1 and 2).

Figure 1: Phylogram plot of plant CenH3 proteins.
Phylogenetic relationship was estimated using neighborjoining method. Tips of the branches were labeled with the
species and ensembl_peptide_id for easy identification of the
species and its corresponding peptide id.

Figure 2: Phylogram plot of plant CenH3 and their major
clades. Phylogenetic relationship was estimated using
neighbor-joining method. Five major evolutionary clades-clade
1, clade 2, clade 3, clade 4 and clade 5 are highlighted in five
different colors lightblue, gold, pink, seagreen2, and orange,
respectively. The cluster of Oryza branches are shown inside a
dotted rectangular box.
The clade 1 (shaded light blue in Fig. 2) represent species
from the family Poaceae such as oryza, sorghum, setaria,
brachypodium. The clade 2 comprises of plants including
Galdieria sulphuraria, Chondrus crispus, Cyanidioschyzon
merolae,
Selaginella
moellendorffii,
Chlamydomonas
reinhardtii, Ostreococcus lucimarinus, Physcomitrella patens,
Cochliobolus sativus, which belongs to families Cyanidiaceae,
Gigartinaceae,
Cyanidiaceae,
Selaginellaceae,
Chlamydomonadaceae,
Bathycoccaceae,
Funariaceae,
Pleosporaceae, respectively. This indicates that clade 2
primarily consists of a mixture of families. The clade 3
appeared as a small group of plants representing Phaseolus
vulgaris, Glycine max, Lupinus angustifolius, and Medicago
truncatula, all of which, belongs to Fabaceae family. The clade
4 includes plants from Brassicaceae (Brassica oleracea,
Brassica napus, Brassica rapa, Arabidopsis lyrata), Salicaceae
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(Populus trichocarpa), Vitaceae (Vitis vinifera), and
Solanaceae (Nicotiana attenuata) family. The last clade (clade
5) includes plants from Asteraceae (Helianthus annuus),
Solanaceae (Solanum lycopersicum, Solanum tuberosum),
and Malvaceae (Theobroma cacao, and Gossypium raimondii)
families.
3.4 Plant CenH3 has three clusters of conserved residues
The ClustalW alignment of plant cenH3 used for constructing
the phylogenetic tree was also analyzed for the conserved
domains. The alignment was plotted along with the tree and
the positions in the alignment were colored based on amino
acid type. Interestingly, we identified that the conserved
residues were clustered in three different domains (Fig. 3).
The levels of conservation were highest in the cluster 3 at the
C-terminus end, followed by cluster 2 and then cluster 1.
Interestingly, cluster 3 appeared to be conserved more or less
uniformly across the clades, whereas cluster 1 and 2 exhibited
variation in the degree of conservation which appeared higher
to lower from clade 1 to 5, and lower to higher in clades 5 to 1.
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4. CONCLUSION
The CenH3 protein is the crucial player in the centromere
maintenance and function, despite this, it displays high
divergence in the primary amino acid sequence across the
species. This high level of divergence in the CenH3 sequence
explains why many of the mammalian kinetochore proteins are
also not conserved and most have different counterparts in the
plant kingdom. Considering that it is important for the
kinetochore assembly, the lack of conservation in the amino
acid sequence of CenH3 can only be explained if CenH3,
despite high divergence, retains some of the conserved
domains. Our study demonstrates the conserved domains in
plant CenH3, which were found to be clustered in three
different regions. The N-terminus of all the plant CenH3
displayed high divergence in the amino acid sequence. Our
study also identified differential degree of conservation and
divergence among different clades and across the clades in
the plant kingdom.

Figure 3: Phylogram plot and multiple sequence alignment of plant CenH3 proteins.
Phylogenetic relationship was estimated using neighbor-joining method. Five major evolutionary clades-clade 1, clade 2, clade
3, clade 4 and clade 5 are highlighted in five different colors lightblue, gold, pink, seagreen2, and orange, respectively. The
pictorial representation of corresponding ClustalW alignment of CenH3 proteins is shown on the right hand side. The positions in
the alignments are colored based on amino acid type. The N-terminus of plant CenH3 displayed high divergence and the
conserved regions were found to be clustered in three small regions shown inside the dotted rectangular boxes.
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The phylogenetic analysis of plant CenH3 revealed that all the
species in clade 1 and clade 3 were from Poaceae and
Fabaceae family, suggesting that CenH3 phylogeny in plant is
congruent with plant species phylogeny. Therefore, it is
conceivable that the other molecular partners of CenH3 or
their specific functional domains are also conserved among
the plant families. These findings and characterization of plant
CenH3 is important for understanding the molecular
mechanism of plant kinetochore assembly and also different
interaction partners of CenH3, which as of now are poorly
studied or known in plants in particular.
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