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Abstract:

Rice (Oryza sativa) is a fundamental food for the majority of world population. Cyclin Dependent
Kinase -A (CDKA) accelerates transition through different stages of cell cycle and contributes in gametes
formation. In the present investigation, a CDKA encoding gene along with the corresponding protein were
characterized in O. sativa Indica Group, O. glaberrima, O. barthii, O. brachyantha, O. glumipatula, O.
longistaminata, O. meridionalis, O. nivara, O. punctata and O. rufipogon using in silico analyses. The
results reflected little variation in most species except O. longistaminata and O. brachyantha. Compared
with the remaining species, O. longistaminata lacked a negative regulatory binding site and had a modified
cyclin binding site (PSTAICE instead of PSTAIRE) that may lead to future characterization of a new distinct
subclass of CDKAs. O. brachyantha had a modified SUC/CKS (suppressor of CDC2/cyclin dependent-
kinase regulatory subunit)-binding motif. The observed variations can be exploited through traditional
breeding or molecular approaches to manipulate cell division and growth of cultivated Oryza species.
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Introduction:

Rice is an important strategic world crop  species such as regulatory elements for
stands second among the cultivated cereal crops pathogenesis-related proteins (7), cyclin dependent
with annual yield of 770 million ton from about kinase-B coding gene (5) and a gene encoding a
2.38 million acre (1). Possessing balanced contents Pathogenesis-Related Protein-10 (6).
of carbohydrates, lipids and proteins put rice as the Growth and development are regulated
predominant food for more than two thirds of the  through strict control of cell cycle (8, 9). All
world population (2, 3). The global climate change eukaryotic cells possess a group of Ser/Thr protein
in addition to the growing world population kinases known as cyclin dependent protein kinases
necessitates breeding for new cultivars with better (CDKs); that form complexes with cyclin then
guantitative and qualitative traits (3, 4). phosphorylate proteins crucial for cell cycle

Rice breeding suffers from the limited progression (10). All eukaryotes have a class of
genetic variations of cultivated Oryza species (O. Ser/Thr protein kinases, known as CDKs that
glaberrima and O. sativa) that do not exceed 20%  control progression through cell cycle checkpoints
of those recorded in wild Oryza species (5, 6). Thus (7). CDKs contain a cyclin-binding domain, one or
efforts should be continued to demonstrate inter- more phospho-regulatory sites in addition to an
and intraspecific genetic variations in wild Oryza  ATP binding site (11). Based on cyclin-binding
species to compensate shortage in variations  domains, CDKs are clustered into seven classes
observed in cultivated rice (5). Fortunately, the full (CDKA to CDKG) in addition to CDK-like kinases
sequence genomes of many wild Oryza species are (CKLs) (8).
now available and ready to be used for mining of CDKAs constitute the biggest group of
valuable genetic information. plant CDKs, distinguished with conserved

The in silico analyses provide precious PSTAIRE motif devoted for binding to cyclins (12).
genetic information for rice breeding including Through the constitutive expression of their coding
identification of important sequences in wild Oryza  genes (13), CDKAs are produced in plant cells to

760


http://dx.doi.org/10.21123/bsj.2020.17.3.0760
mailto:ahmedsfouad@yahoo.com
https://orcid.org/0000-0003-2031-9396
https://orcid.org/0000-0001-5056-6094?lang=en
https://creativecommons.org/licenses/by/4.0/

Open Access
2020, 17(3):760-771

Baghdad Science Journal

P-1SSN: 2078-8665
E-ISSN: 2411-7986

control plant growth through accelerating transition
through different stages of cell cycle (14),
phosphorylation of phosphatidic acid
phosphohydrolasel (15) and development of
cytoskeleton and cell walls (16). Also, CDKAs
contribute in gametes formation through a meiotic
role recognized through preventing premature
meiotic exit (17) and controlling chromosome axis
assembly (18).

CDKA and its gene were characterized in
rice (O. sativa Japonica group) for the first time by
Hashimoto et al. (19). Thus, the present study aims
at in silico characterizing of CDKA and its coding
gene in cultivated and some wild Oryza species.

Material and Methods

NCBI (http://www.ncbi.nlm.nih.gov)
database was employed to download the amino acid
sequence of CDKA (CAA42923.1) identified in O.
sativa Japonica Group. The sequence was targeted
in cultivated (O. glaberrima, O. sativa Indica Group
and O. sativa Japonica Group) and eight wild (O.
barthii, O. brachyantha, O. glumipatula, O.
longistaminata, O. meridionalis, O. nivara, O.
punctata and O. rufipogon) Oryza species genomes
published in EnsemblPlants database (http://www.
http://plants.ensembl.org) utilizing BLASTP search
tool to demonstrate candidate genes and coding
sequences.

Exon-intron structures of the retrieved
genes were built up using coding and genomic
sequences with the aid of Gene Structure Display
Server website (http://gsds.cbi.pku.edu.cn/). The
mined CDKA genes and the corresponding ones in
the closest Gramineae species available in Gene
Bank were aligned using Clustal W. The aligned
sequences were employed to establish a
phylogenetic tree based on Maximum Likelihood
(ML) method in MEGA v. 6 (20) according to
Hasegawa-Kishino-Yano model (21) with gamma
distribution. 1000 replica-Bootstrap was utilized to
judge significance of grouping patterns support
(22).

Species

& bartini —— -
& Brackyaraha — — —_—

The predicted amino acid sequences were
aligned employing (multalin) (23,
http://multalin.toulouse.inra.fr/multalin) to highlight
the functionally important domains. The important
physico-chemical characteristics of the mined
proteins including molecular mass and isoelectric
points were resolved utilizing Expasy Protparm
server (24,
http://us.expasy.org/tools/protparam.html).

Subcellular distribution of the mined
proteins was anticipated with the aid of the
CELLO2GO server (25). Finally, secondary
structure and 3-D models were established using
Phyre2 server (26, http://www.shg.bio.
ic.ac.uk/phyre2) and Z-score values for the
predicted 3-D models were computed using ProSA-
web server (27,
https://prosa.services.came.sbg.ac.at/prosa.php).
Docking was implemented between the predicted
proteins and cyclin D that binds to CDKA in many
CDKA-related functions (7) using Frodock server
(28, 29, http://frodock.chaconlab.org).

Results and Discussion:

The mined data of this investigation
reflected open reading frames (ORFs) of 819 bp in
O. longistaminata, 873 bp in O. sativa Indica gp, O.
glumipatula, O. rufipogon, and O. glaberrima while
other species exhibited an ORF of 876 bp for
CDKA coding gene. However, all mined genes
shared the same general exon-intron structure of 7
exons spaced with 6 introns (Fig. 1). The same
exon-intron structure for CDKA coding gene was
observed in walnut hybrid (30) and Physcomitrella
patens (31). On the other hand, Gao et al. (32)
recorded 8 exons spaced with 7 introns studying the
same gene in Arabidopsis thaliana and Gossypium
hirsutum. Such species-dependent exon-intron
arrangement for CDKA coding gene was also
recorded upon studying a gene encoding class B of
these kinases (5).
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Figure 1. Exon-intron arrangement of a CDKA coding gene in some Oryza species.
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Phylogenetic tree (Fig. 2) declared
gathering of all examined Oryza species in a large
clade greatly backed with maximum bootstrap value
without any of the taxonomically close Gramineae
taxa suggesting CDKA encoding gene as a powerful
taxonomic tool. The tree showed that O. nivara and
O. rufipogon are the closest wild Oryza species to
the Asian cultivated one (O. sativa), while O.

barthii is the closest wild taxon to the African
cultivated species (O. glaberrima). Compared with
cultivated species, genetic variation in CDKA
encoding gene reached its maximum in O.
brachyantha and O. punctata that appeared as
outgroup for all the studied Oryza species. Similar
general phylogenetic relationships appeared among
wild and cultivated
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Figure 2. Phylogenetic tree for CDKA coding gene predicted in some Oryza species along with some of
the taxonomically closest monocot Graminae taxa (Lolium temulentum, Zea mays, Hordeum vulgare
and Triticum aestivum) based on Maximum Likelihood method using the Hasegawa-Kishino-Yano
model. Based on 1000 replicates, Bootstrap values are presented as percentages at branching points.

Oryza species upon employing different
sequences including a supermatrix of more than
4600 nuclear gene (33), sequences of centromeres
in addition to centromere-linked genes (34),
CDKBL1 coding gene (5) and PR-10 coding gene

(6).

Supported with instability index value
lower than 40 (Table 1), all the retrieved CDKAs
exhibited in vitro stability (35). Subcellular location

analysis reflected cytoplasmic and nuclear
distribution of the predicted CDKA protein (Table
1) which is suitable for roles recorded to be played
by such protein. In nucleus, CDKA is involved in
DNA replication (36) and formation of
synaptonemal complex at the beginning of meiosis
(18). In cytoplasm, CDKA is associated with
spindle (37, 38) and phragmoplast formation (39).
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Table 1. Subcellular localization and physiochemical characters of the predicted CDKA in some Oryza

species.
Species Subcel_lular M?:g;l;lar Formula: ?n(’)l.ir?; nezlgfi\c/):ly po'\sli(;.i\(/)gly PI" Ingtability
location (KDa) acids chz_irged cha}rged index
residues residues
O. sativa Japonica gp 33692.90  Ciso5H2398N4100431S10 292 40 39 6.87 30.87
O. rufipogon 33561.71  CispoHossoNaggOuzSy 291 40 39 6.97  30.94
0. nivara 33692.90  CigosHozesNa100s3S10 292 40 39 6.87  30.87
0. sativa Indica gp 2 33561.71  CispoHossoNaggOuzSy 291 40 39 6.97  30.94
0. meridionalis g 33664.89  CigosHizsNaosOuzS1o 292 40 39 6.87 3021
O. longistaminata % 31288.10  Cy414H2224N3780403S10 273 37 33 6.22 34.04
O. glumipatula j_é 33561.71  Cis20H2389N4090430S9 291 40 39 6.97 30.94
O. glaberrima 9 33533.66  Ci518H2335N4090430S9 291 40 39 6.97 30.94
O. barthii 33664.85  Cis23H2304N4100431S10 292 40 39 6.87 30.87
O. punctate 33603.72  Cy518H2387N4070434S10 292 41 38 6.38 31.24
O. brachyantha 33658.84  Cy522H2306N4080433S10 292 41 39 6.56 28.21

*

Isoelectronic point

Analyses of the amino acid sequences of
CDKA mined from the studied Oryza genomes
showed 291-292 amino acid length in all species
except O. longistaminata that appeared as a shorter
amino acid chain of 273 residues (Fig. 3). Working
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on O. sativa, Hashimoto et al. (19) recorded a 292
amino acid long CDKA. Generally, protein kinases
share a similar feature of having a 250-300 amino
acid residue domain for the phospho-transfer
reaction (40).
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EQYEXVEKIGEGTYGVVYKGKHRHTNE T IALKKIRLEQEDEGVPSTRIREI SLLKENQHRNIVRLODVVHKEXCIYL VF EYLDLDUKKHNDSSPOF KNHRIVKSFLYQILRGIAYCHSHRYLHRDLKPQ
EQYEKVEKIGEGTYGVVYKGKHRHTNE T IALKKIRLEQEDEGVPSTRIREI SLLKENMQHRNIVRLQDVYHKEKCIYL VF EYLDLOLKKHHDSSPOF KNHR I VKSF L YQILRGIAYCHSHRYLHROLKPQ
QYEKVEKIGEGTYGVVYKGKHRHTNE T IALKKIRLEQEDEGVPSTRIRETSL L KENQHRNTVRLQDVVHKEKCIYL VF EYLDLDLKKHHDSSPDF KNHRTVKSFL YQILRGIAYCHSHRVL HRDLKPQ

E
Q sativm hmﬂsp MEQYEKVEKIGEGTYGVVYKGKHRHTNE T IALKKIRLEQEDEGVPSTRIRETSLLKEMOHRNIVRLODVYHKEKC T YL VF EYLDLDUKKHHDSSPOF KNHRIVKSFL YQILRGIAYCHSHRYL HRDLKPQ

Q nivara MEQYEKVEKIGEGTYGYVYKGKHRHTNE T IALKKIRLEQEDEGVPS TRIRE L SLLKEMOHRNIVRLQDVVHKEKC T YL VF E YLDLOLKKNRDSSPOF KNHRIVKSFL YQILRGIAYCHSHRYL HROLKPQ

QO mendionahs MEQYEKVEKIGEGTYGYVYKGKHRNTNE T IALKKIRLEQEDEGVPSTRIRE I SLLKEMQHRNIVRL QDVVHKEKCI YL VF EYLDLOLKKHNDSSPOF KNHRTVKSF L YQILRGIAYCHSHRYL HROLKPQ

Q barthi MEQYEKVEKIGEGTYGYVYKGKHRHTNE T IALKKIRLEQEDEGVPSTRIRE L SLLKENOHRNIVRLQOVVHKEKCT YL VFEYLDLDUKKHMDSSPOF KNHRTVKSFL YOTL RGIAYCHSHRVL HROL KPQ

Q glaberrima EQYEKVEKIGEGTYGYVYKGKHRHTNE T IAL KXIRLEQEDEGVPSTRIRET SLL KENOHRNIVRLQDYVHKEKCIYL VFEYLDLDLKKHHDSSPOF KNHRTVKSFL YQILRGIAYCHSHRYLHRDLKPQ

Q punctata MEQYEKVEKIGEGTYGYVYKGKDRQTNE T IALKKIRLEQEDEGVPS TAIRE I SLLKENQHRNIVRLQDVVHNDKC YL VF EYLDLOLKKHMOSSPOF KNHRIVKSF L YQILRGIAYCHSHRVL HROLKPQ

Q brachyantha MOQYEXVEKIGEGTYGYVYKGKDRQTNE T IALKKIRLEQEDEGVPSTAIRETSLLKEMQHRNIVKL QOVVHNEKCT YL VF EYLDLOLKKNMDSSQOF KNHRTVKSFL YQILRGIAYCHSHRYL HROLKPQ

Q longistammata QGOAPDTNE T TALKKTRLEQEDEGVPSTRICET SLLKENOGHRNIVRLQDVVHKEKCT YL VFEYLDLDLKKHNDSSPOF KNHRTVKSFL YOTLRGIAYCHSHRVL HROLKPQ

Coreensus « «quekvek i gegtygvvykGk . r . TNETIALKKIRLEQEDEGYVPSTATAET SLLKENQHRNIVrL QDVYHK SKCIYLVFEYLDLDUKKHNDSSpOF KNHRIVKSFL YO ILRGIAYCHSHRVLHROLKPQ
::n 140 150 160 170 180 190 200 210 220 230 240 250 260

Q sativa Indica gp NLLIDRRTNSL KL ADFGLARAF THEVVTLHYRAPE 1LLGARHYS TPYDMKSVGC IF RENYNOKPLF PGOSETDELFKIFSINGTPHEE THPGVASLPOYISTFPKMPSVOLATVVPTLDSSGL

O. ghamipatula NLLIDRRTNSLKLADFGLARAFG THEVVTLHYRAPE ILLGARNYS TPVDINSVGC TF RENVNOKPLF PGOSETDELFKIFSTHGTPNEE THPGYASLPDYISTFPENPSVOLATVVPTLDSSGL

Q ryfipogon NLLIDRRTNSLKLADF GLARAF G THEVVTLMYRAPE ILLGARHYS TPVOIMMSVGC IF AENVNOKPLF PGOSEIDELFKIFSINGTPNEE THPGVASLPOYISTFPKMPSVOLATVVPTLOSSGL

Q saiva Aporoca gp - NLLIDRRTNSL KL ADFGLARAF THEVVTLHYRAPE ILLGARHYS TPVDIUSVGC IF REMVYNOKPLF PGDSEIDELFKIFSINGTPNEE THPGYASLPOYISTFPENPSVOLATYVPTLDSSGL

Q nivara NLL IDRRTNSL KL ADF GLARAF THEVVTLHYRAPE ILLGARNYS TPVDNKSVGC IF RENVNOKPLF PGDSEIDELFKIFSINGTPNEE THPGVASLPOYISTFPKMPSVOLATVVPTLOSSGL

Q mendsomalis NLLIDRRTNSL KL ADF GLARAF THEVVTLMYRAPE I1L GAKHYS TPVDIMSVGC IF AENVNOKPLF PGDSEIDELFKIFSINGTPNEE THPGVASLPOYISTFPEMPSVDLATVVPTLOSSGL

Q bartha NLL IDRRTNSLKLADF GLARAF THEVVTLHYRAPE 1L LGARHYS TPVDMMSVGC IF RENYNOKPLF PGDSEIDELFKIFSINGTPNEE THPGVASLPOYISTFPKMPSVOLATVAPTLOSSGL

Q glaberrima NLL IDRRTNSL KL ADF GLARAF THEVVTLHYRAPE ILLGARNYS TPVDIMMSVGC IF AENVNQKPLF PGDSEIDELFKIFSINGTPNEE THPGYASLPOYISTFPKMPSVOLATVAPTLDSSGL

Q punciasz NLLIDRRTNSL KL ADF GLARAFG THEVVTLHYRAPE TLLGARKYS TPVDMMSVGC TF RENVNOKPL F PGDSEIDELFKIFSINGTPNEE THPGVASLPDYISTFPKMPSVOLATVVPALDSSGL

Q brachyantha NLLIDRRTNSLKLADFGLARAF THEVVTLHYRAPE 1L L GARHYS TPVDIMUSVGC IF AEMVNOKPL F PGDSE IDELFKIFRINGTPNEE THPGYASLPDYKSAFPKNPPVELATVVPTLDASGL

Q longistammata g | JDRRTNSLKLADFGLARAF G n:vvlunmnu.muvswvumsvr.cnmrmmmrmwmsxmrmtmxmmmmmumw

Coreensie NLLIDRRTNSLKL ADF GLARAFG THEVVTLRYRAPE I1LLGARHYS TPVDIMNSVGL IF AEMVNOKPL F PGOSE TDELFKTF s THG POYISLFPKIP SV SLATVVPLLDSSGL
?sx 270 280 29092' T

Q sativa Indca o DLLSKNLRLDPSKRINARAALEME YFKDLEVA 3 4

O. ghanipatula DLLSKMLRLOPSKRINARARLEHE YFKDLEVA

Q rfipogon DLLSKNLRLDPSKRINARAAL EHE YFKDLEVA

Q sativa Japoraca gp - DLL SKILRLDPSKRINARARL EME YFKDLEVA

Q ntvara DULSKNLRLDPSKRINARAAL EHE YFKDLEVA

Q mendionalis DLLSKHLRLDPSKRINARAAL EHE YFKDLEVA

Q bartha DLLSKILRLDPSKRINARAAL EHE YFKDLEVA

Q glaborrima DLLSKILRLDPSKRINARAAL EHE YFKDLEVA

Q punctata DLLSKMLRLOPSKRINARARL EME YFKDLEVA

Q brackyantha DLLSKNLRLDPS TR TARAAL EME YFKDLEVA

gogf:;’mm DLLSKILRLDPSKRINARARL ENE YFKDLEVA

DLLSKMLRLDPSKRINARAALEHEYFKDLEVA

Figure 3. Multalin-based amino acid sequence alignment of a CDKA in some Oryza species showing: 1.
threonine (T) and tyrosine (Y) residues, 2. PSTAIRE motif, 3. T-loop preceded with asparagine (D)

and 4. SUC/CKS -binding motif

Regarding the functionally important
binding sites, the retrieved CDKAs showed the
same sites appeared in CDKA characterized in O.
sativa Japonica Group by Hashimoto et al. (19)
with few but important exceptions (Fig. 3). Except
O. longistaminata, all CDKAs showed threonine
(T) and tyrosine (YY) residues  whose
phosphorylation  blocks  enzymatic  activity.
Absence of this binding site in O. longistaminata
indicates a new mechanism for negative regulation
that may be beneficial for breeding of cultivated
Oryza. A second interesting variation in
functionally important sites was also demonstrated
in O. longistaminata where PSTAIRE motif,
specialized for cyclin binding, was modified to
PSTAICE. Docking with cyclin D reflected
absolute energy score of 3276 to 3479 kcal/mol in
species having PSTAIRE motif (Table 2). Within
this range, O. longistaminata having PSTAICE
motif showed 3342 kcal/mol absolute energy score
for the same docking process strongly highlighting
insignificant effect for difference between the two
motifs on binding to cyclin.
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Though PSTAIRE was known to be
evolutionarily conserved signature for CDKA, it
was modified to PSTALRE in diatoms (41) and sea
lettuce (42) that adds to the importance of our
finding in O. longistaminata and necessitates wet
lab-based future investigations to characterize this
CDKA that may lead to a distinct subclass of these
important kinases.

The third functionally important area was
identical in all Oryza species of the present study; it
consists of asparagine (D) and adjacent T-loop (Fig.
3). Asparagine is required for positioning of the
bound ATP essential for kinase activity. The T-loop
consists of 27 residue centered around threonine (T)
whose phosphorylation stabilizes the cyclin-binding
(43).

With one exception observed in O.
brachyantha, SUC/CKS (suppressor of
CDC2/cyclin dependent-kinase regulatory subunit)-
binding motif showed complete matching in all
studied species. Three substitutions were recorded
in where serine, isoleucine and threonine in the
consensus sequence where replaced with arginine,
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Table 2. Characteristic features of the predicted secondary structures and 3-D models of CDKA in

some Oryza species.

Secondary Structure Dimensions (A) Absolute Energy Score
Species o helix (%) B strand (%) X Y z  ZScore C%igog'?k”ciml)
O. sativa Indica gp 41 18 55.728  50.854  51.340 -6.58 3388
O. rufipogon 41 18 55.728  50.854  51.340 -6.58 3283
O. nivara 40 17 55.728 51490 51.340 -6.54 3388
O. sativa Japonica gp 40 17 55.728 51490 51.340 -6.54 3283
O. meridionalis 41 17 55.728 51490 51.340 -6.61 3480
O. longistaminata 45 13 56.321  59.238  42.077 -4.98 3342
O. glumipatula 41 18 55.728 50.854  51.340 -6.58 3283
O. glaberrima 41 18 55.728  50.854  51.340 -6.64 3314
O. barthii 41 18 55.728 51490 51.340 -6.55 3382
O. punctate 41 18 55560 50.854  51.340 -6.54 3356
O. brachyantha 41 18 55.728 51564 51.201 -6.69 3277
Lysine and alanine. The same substitutions identified in  Physcomitrella  patens  (31),

were also recorded in Jerusalem artichoke (44),
coconut palm (45), Dendrobium candidum (46) and
Lolium temulentum (47).

Except for O. longistaminata with
molecular weight of 31.29 KDa and isoelecteric
point of 6.22 (Table 1), physiochemical
characteristics of the mined CDKAs in other taxa
showed narrow ranges of molecular weights (33.56
- 33.69 KDa) and isoelecteric points (6.38 - 6.97).
CDKAs having similar characteristics were

765

Dendrobium candidum (46), maize endosperm (48)
and Arabidopsis thaliana (49).

Secondary structures (Fig. 4 and Table 2) of
the retrieved CDKAs showed PSTAIRE motif in
the first a-helix as described by Sorrell et al. (50).
3-D models (Fig. 5 and Table 4) supported with
negative Z-score also showed the pattern described
for such kinases consisting of joined couple of a-
helices and B-strands (46).
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In conclusion, in silico analyses provided a
time and cost effective tool to highlight valuable
genetic variations in wild relatives of rice. The
unique CDKA predicted in O. longistaminata
lacking the negative regulatory binding site
observed in other species may be exploited to
accelerate growth in cultivated species through
traditional breeding or molecular approaches.

768

Similarly, polymorphism in  SUC/CKS - binding
motif recorded in O. brachyantha, can be employed
in cultivated species to make benefit of such
variation in manipulating cell division.
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