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Abstract: In the process of development of cold and heat tolerant rice varieties was done in field conditions.
The current work is the extension of the same. In the current paper an extensive Insilico based research was
carried out on the Mutational analysis and hot spot prediction of the protein CDPK3, Calcium Dependent
Protein Kinases of Oriza Sativa. The work involves the retrieval of the protein sequence from the NCBI primary
data base and identification of the Functional domains. Several sequences of the same protein from the other
related plant species were collected and the phylogenetic study and the conservation prediction were performed.
Tools like Protparam and SOPMA have been applied to analyze the Physico chemical parameters and the
Structure prediction of the protein was carried out. The regions of disorder present in the protein sequence were
identified using several tools including DISEMBL, GLOBPLOT, RONN etc. Based upon the results of RONN the
major sites prone for mutations are identified. The effect of possible substitution mutations on the selected target
site was analyzed. I mutant tool was employed to check the effect of all the substitution mutations on the
stability of the protein sequence, PolyPhen was used to evaluate the effect of mutations on Functionality and the
tolerance level is calculated using SIFT. The work concludes to provide the complete protein annotation of Cold
tolerance protein CDPK with a focus on the mutation hot spot prediction.
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I.  Introduction:

Rice being the staple crop of Middle and south India extensive research on the development of rice
cultivation is a topic of demand. The current environment of extreme heat or extreme cold is causing a lot of
stress on all the plants and crops cultivate. Though plants have their inherent mechanism to tolerate the adverse
climatic changes sometimes due to the mutations and damages caused to the genetic makeup of the plats they
lack this property of stress tolerance finally resulting in a huge damage to the crop cultivation. Calcium-
dependent protein kinases (CDPKs) play an important role in rice signal transduction, but the precise role of
each individual CDPK is still largely unknown [1]. A study revealed that OsCDPK13 gene expression and
protein accumulation were enhanced in response to cold, but suppressed under salt and drought stress which
depict the importance of this protein in the cold tolerance of the plant. Several works also inferred that the Over-
expression of a single Ca 2+ -dependent protein kinase CDPK confers both cold and salt/drought tolerance on
rice plants [2]. One of the research papers also presented the use of CDPK protein insertions and over
expressions in Sorghum in order to impart tolerance to cold and freezing so as to expand the acreage for
production [3]. CDPK protein super family consists of six types of protein kinases that differ in the regulatory
domains they contain [4].

In view of the importance of the CDPK protein in the crop development and induction of resistant to
the plants the current work aims to characterize and annotate the protein using insilico tools and software. The
work aims to identify the mutation prone regions present in the CDPK 3 protein sequence of Oryza Sativa.

II.  Materials and Methods:
I. Sequence Retrieval:

The major step in any of the Protein annotation works is to retrieve the Sequence of the protein of
interest. The protein sequence is generally taken from the most reliable public data base, the NCBI [5] data base.
The Boolean Operator search has been used for specifying the organism and the protein whose sequence is to be
retrieved.
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I1. BLAST Analysis for collection of the related protein sequence:

In order to collect the sequences of the proteins that share sequence similarity to the query protein
BLSAT [6] tool has been applied. The BLAST is a local alignment search tool that would show the sequences
that share some percentage of similarity. It is available at NCBI.

II1. Multiple Sequence Alignment and Phylogenetic Study:

All the sequences collected in the above step are subjected to alignment so as to analyze the sequence
conservation and phylogenetic relation present in the collected sequences. CLUSTALW [7] is used to perform
the multiple sequence alignment and design the dendrogram showing the evolutionary relation among the
sequences. The CLUSTALW tool available at SDSC Biology Workbench.

IV. Conservation Analysis using BOXSHDE:

The similarity among the collected sequences along with the percentage of conservation has been
studied using BOXSHDE [8] tool by performing Global alignment of multiple sequences. The BOXSHADE
tool is also available at SDSC biology Workbench.

V. Functional Analysis for the identification of Domains using SMART:

To identify the total number of domains (Independent functional units) present in the sequence of
CDPK and to identify the positions of these domains on the sequence SMART [9] has been used. The tool will
also give the detailed annotation of the domain and other important elements present on the input sequence.

VI. Analysis of the Physico chemical properties of the protein:

To study the inherent properties of the protein that would be necessary for designing the experimental
protocol PROTPARAM [10] was used. The tool is available at EXPASY SERVER. The Protparam tool would
give an insight to the chemical and physiological properties of the protein

VII. Secondary and Tertiary structure prediction using SOPMA and CPH tools:

To detect the secondary structural confirmations within the protein SOPMA [11] can be used. It would
assign the conformational pattern for each residue separately and also summarize to show the total percentage of
different confirmations present in the sequence. This data can be used to predict the regions present on the
surface and those in the interior of the protein. To get the three dimensional structure of the protein one has to
use RCSB Protein Data BANK [12]. However each protein would have a unique identity in PDB which must be
known to retrieve the structure of the protein. CPH tool has been employed to get the PDB ID of the study
protein. Once the ID is obtained the structure can be downloaded from PDB and visualized using the RASMOL
[13] software.

VIII. Prediction of the probable disorder regions present in the query sequence:

To identify the regions of disorder present in the user entered sequence several online tools are
available each working on a different algorithm and principle. GLOB PLOT [14], DISEMBL [15] and RONN
[16] were employed to predict the regions of possible disorder. The results of RONN would provide the
additional information about the disorder probability for each amino acid residue displayed separately. These
results can be summarized to identify the sites on the sequence that have maximum disorder probability.

IX. Analysis of the effect of Substitution mutations on Stability and Functionality of the protein:

Once the mutational hot spots are identified the next step is to check for the effect of all possible
substitution mutations on the stability of the protein structure. Also it is necessary to analyze the effect of the
same on the functionality and disease occurrence.

The 1 Mutant [17] tool is used for the above purpose. To evaluate the effect of substitution of the functional
ability and disease occurrence PolyPhen [18] was used. SIFT was used to evaluate the tolerance of the protein to
the possible substitutions.

X. Analysis of the Tolerability of the mutations on the protein structure:
To check the tolerance range of the protein towards the substitutions specified SIFT [19] has been used.
The tool enables to check the effect of substitutions on the proteins acceptability range.
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III.  Results and Discussion:
I. Sequence Retrieval of CDPK3 from NCBI:
The protein sequence of the query protein CDPK3 from Oryza Sativa has been retrieved from NCBI
using Boolean operators to make the search specified. The length of the sequence was found to be 527 amino
acids.

II.BLAST for the collection of similar sequences:
Using the BLAST tool a total of 17 sequences of different organism were collected and used for further
analysis. All the sequences belong to the common CDPK protein.

I11.Phylogenetic analysis using CLUSTALW Dendrogram:
To check the sequence similarity among the selected sequences MSA was performed using
CLUSTALW and the phylogenetic tree was constructed.

Figl: Phylogenetic Tree / Dendrogram showing the evolutionary relationship:
COPK Ricinus communis

CDPK9-IikE Fragaria vesca

COPKS —like Vitis vinifera

COPK1 Panax ginseng

CDPK 2=like Cicer arietinum

CDPK1 Dendrobium officinale
OsJ 24444 OS.Japenica Grou
CDPK X2 Setoria italica
COPK Zea mays
TPA Putative COPK Zea mays
CDPE Hordeumn brevisubulatum

CDPK Triticum aestivum

predicted.pro. Hordeum vulga
cdpk Brochypodium distachyon
] COPKZ Os.Japonica Group
_|CDF'K5 Oryza sativa

FCDPK19 Os.daponica Group
0s0790515100 0.5 Joaponica Gr

The above dendrogram shows the evolutionary relation between the selected 17 organisms with the query. It can
be inferred that all the selected organisms are evolving from the same common branch which indicates that the
sequences are homologues.

IV. Conservation study based on Multiple sequence alignment:
Fig 2: MSA using BOXSHDE for conservation study

CDERLY_[Gn_lapo EAGGEGEDRIIARGEYSERANATICHA YNV [CHEHGYHERDGREENETHATREE AN
GuDTgD5L5100[G. CAGGELEDRIIARGEY SERAAAT ICRAYNNYYE [CHEMGYMERILEFENFLLATREE NAN
CDPRI[On.Japoni CAGEELFDRIIARGHYSELAAATICRAVNHVYH CHFWGVMERDLEPENFLTATREE HAN
CDPRI[Orysa_mat CAGGELEDRIIARGHYSERAAATICRAVNNVYNCHFWGVHERDLEPENFLLATREE HAN
CDPR[Bordeun_br CAGEELEDRIIARGHYSERAAATICRGYNNVYNVEEFHGVHERDLEPENFLIATRIE HAY
CDPR[Triticum = CAGEELEDRIIARGHYSELAAATICRGYNNVYNVEHFWGYMARDLEPENFLIATRIE HAY
predicted.pro.[ CAGEELEDRIIARGEY SERAAATICRGVVNVYHVCHEHGVHERILEPENFLLATRDE NAY
cdpk[Brachypedi CAGGELFDRIIARGEYSERAAATICRGYNNVYHVCLFHGVMERILEPENFLLATRDE NAY
CDFR[Zca_mays] EGAGEELEDRIIARGHY¥TERAAATICRAVNNVYY [CHPMGVHERDLRPENFLIASREE HAN
TBA_Putative CD CAGGELEDRIIARGHYTERAAAT ICRAVNIVY N [CHEMGYHERDILEBENELLATREE NAK
CDER_X3[Setaria CAGGELEDRIIARGH¥TERAAATICRAVNIVY N (CHEMGYHERDLEEENELLATREE AN
GmJ_24844_[GS J CAGGELEDRIIARGHYSERAAATICRAVNIVY N [CHEMGYHERDLEEENEL AT REE NAK
CDERY-1ikB[Frag EAGGELEDRIIARGHYSERAASAICRS VS VYL [CHEMGYHERDILEBENELSSRIENAT
CDPR?-like[Viti CAGGELEDRIIAXGHYSERAAASICRAINWVYECHFMGVMERDLEPENELLSSRGENAL
CDFE[Ricinum_co CAGEELEDRIIAXGHYSEXEAASICESIVWVYLACHFMGYMERDLEPENELLSSRIONAL
COREL[Panaz_gin CAGEELEDRIIACGEY SERARATICRQIVNVYEVCEEHGVHARDLRPENELLS SENECAN

PE_E e[Cic EAGGELEDRIIARGHYSERAAASICROINIVYE CHEMGYHERILEEENELTSSRIENAT
CDFRT [pendcobin CAGGELEDRIIARGEYTERAASSICR: INNYYH ICREHGVHERITERENELIATEDE DAL
conmensum CAGGELFDRIIAKGEY mErmAat ICRav¥n¥¥niCHFMGYMERILEPENFLLat Reendn

CDPRLY_[Cn.Jape LEADDFGLS¥EIEEGRWERDLVESAYYVAr EVIREN YGRET I VMEAGY [ LETLLEGYEDE
CED?gDSL5L00 (0. LEADDFGLSWE IEEGRWYRD LVGSAYY VAR EVIRRNYGREL D VMEAGY I LYTLLEGYERE
CDFRI[On.Japoni LEADDFGLSWEIEEGRWYEDLVGSAYYVAREWIRRNYGREL DVMSAGY I LYTLLEGYERE
CDFRI[Orysa_mat LEADDFGLSWEFIEEGRWYEDLVGSAYYYVAREWIRRNYGREL DVMSAGY I LYILLEGYERE
CDER[Eordenm_br LEATDFGLS¥ELEEGRHIRD [¥GSGTLCCS E¥ I RRN Y GRET I VMSAGY [ L¥ T LLSGYERE
el 0 F 0 W RE AN B |
predicted. [ LEATDEGLSYEIEEGRWYRD [¥GSATYYAR EYLREN YGRE [ [ VISAGY | LY I LLSGVEER
D EkIErochyredl TEATDFGLAVE IEEGRWYED LVGSATYYAREVLARN GRS D YMSAGY I LELLLIGVEDE
CDPR[Eea_maym] LRADDFGLSWFIEEGRWYRDLVGSAYYVAFEWLRRS YGREL DVMEAGY I LYTLLEGYERE
TEA Putative €0 LRADDFGLSWEIEEGRWYRDLVGSAYYVAFEVIRAS YGREL DVMEAGY I LYTLLEGYEDE
CDPR_X2[Setariz LRADDFGLS¥FIEEGRWYRDLVGSAYYVAFEVIRAS YGREL I VMEAGYH LY TLLEGYEDE
CuJ_24444_[GS.7 LEADDFGLSVEIEEGRHYED LVGSAYYVAR EVIRRNYGRET DVMSAGY I LETLLSGVERE
CDPR9-1ikE[Frag LEADDFGLSWEFIEEGRVYEDLVGSAYYVAFEWIRRLYGRELDIMSAGY I LETLLIGYERE
CDPRI-like[Viti LRADDFGLSWFIEEGRVYEDLVGSAYYVAFEWIRRRYGRELDIMSAGY I L¥TLLEGYERE
CDER[Ricinum_co LRADDFGLEVEIEEGRTYEDLVGSAYYVADEYLRRER Y GREH] [ME AGYH LY T LLEGVEDE
CDERI [Pansa_gin LEADDFGLEVEIEEGRVYRD[VGSAYYVAPEVIRAS YGRET [ IMSAGY T LY I LLEGVERE
CDER_3-like[Cic [RADDFGLSVEIEEGRVYRDVGSAYYVAPEYIRRRCGRET [ IMEAGY [ T¥ I LLEGVERE
CDERI [Dendrobin LETIDPGLSYEIBEGRVYRD LVGSAYYVAP BV LRRS YGRET [ IMSAGY T LY I LLEGVERE
ccnmenwuns LEaTIFGLSVFIEEGRMYRD [VGSayyvapEVLrRnyGREL DvWSAGYL LY ILLEGVEFF

CDFRLT_[Cn.Japc MAETERGIFDATIQ:E[LTFE SQOEMES IS ESARDIVERNIT OE KR BT TS AQVIQEF WLAD
ouorgnsLsion rO. WAETERGIFDATLOGE EDF: cORMRSTSESAKDIVRRHITODE KRR T SAQVIORMIRD

S [Om.Japoni WAETEEGIFDATLOGELDFESQENESTSESARD IWRRMITQNERRR LTS AQYLOEF WLRD
CDPK][D(yza mat WAETERGIFDATLLQGELDFE SQEMES TS ESARD IYRRMIT QDR KRR TSAQYLOEFWLED
CDFR[Ho rdeum_br WAETERGIFDATLLQGEDFESQEMES TSESARD I¥RRMLAQDE KRR SSAQVLREFWLEE
CDPR[Triticun_a WAETERGIFDAILQGELDFESQEMESISESARDIVREMIAQDERKRRISSAQVLOEFMLRE
predicted.pro.[ MAETERGIFDAILQGELDFESQEWESTSESARDIVREMIAQDEKRRISSAQVLOEFMLRE
cdpk[Erachypodi WAETERGIFDAILOCDLDFESQEMESISESARDIVREMIAQDEKRRINSAQVLOEFMLLE
CDFR[Zca_maym] MWAETERGIFDAILLEELDFESQEMESTSESAEDIVREMITRDEKRRITSAQVLORSMLAE
TFA_Futabive €D WAETERGIFDAILIEELDPESQEMESISESARDIVERMITRDERRRLTSAQVLOECWLRE
CDFR_H2[Sctaria MAETERGIFDAILEEELDPESQEMESTSESARDIVERMITRDERRRLTSGOVLOEFMLRE
CmJ_Z4d4d4_[CS.] WAETERGIFDAILQGELDPESQEMESTSESARDINERMITODERREIT SAQVLOEEMLRD
CDPES-1ikE [Frag MAETERGIFDATLEGELNFESABMES TS0SARD IVERMTT QDERRR[TSAQVLEECWIR—
CDPRS-lile [Viti WAETERGIFDATLQCELDFETSEMESTSESSARDIVRRMITQNECQRRITSAQVLEEMIRE
CDPR[Ricinum_co WAESERGIFDAILQGDLDFESFEMETISSSARDIVRAMIT QDFRRRITSTQVLEEPMLRE
CDPRL[Fanna_gin MAENERGIFDAILEGYLDFESQEMESTSNSAEDIVREMITODERRRITSAQVLEEF MHLE
CDFR_Z-like[Cic MAETERGIFDAILEGELDPESQEMERISNSARDIVERMIIOQDERRRITSAQVLEEFMIRD
CDFRl[Dendrobiu WAETERGIFDAILRGDLDEYSEEMESTSSSARDIVERMITODERREITSAQVLEEFMIRG
conmemmum WAELERGIFIAILgge [DFe mgFMWF u IS cSARD IVRKHIt gIFXkRit Sa0VLgEpMl oe

Form the above fig 2 it can be inferred that the Sequences aligned in the given MSA show maximum
conservation and are evolutionarily closely related.
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Domain Identification using SMART:
Fig 3: The Picture showing total S domains one is the S_ TKc domain and the other four are EFh domains.
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From the above picture it can be inferred that there are a total number of 5 domains in the CDPK sequence. One
of it would be the S TKc domain and the other four being the EFh domains. The S TKc domain ranges from 85
to 343 in the query sequence.

The EFh domains are present in the regions ranging from 389-417, 425-453, 461-489 and 496-524.
These are the regions that are involved in the major functions of the protein. The function of the S TKc domain
is the Serine/Threonine protein kinases, It is the catalytic domain. The other domain EFh is involved in the
binding of the protein to the calcium ion cofactors and thus is important in the normal functioning of the protein.

Protparam for Physico chemical properties of the protein:

To study the physic chemical properties of the protein PROTPARAM tool has been used which
indicates that the protein in 527 amino acids in length with the isoelectric pH being 5.54 and the molecular
weight is 58872.0. The protein is unstable with the instability index being 41.4. The hydropathicity of the
protein was found to be -0.398 which indicates that the protein is polar and water soluble.

Secondary structure Prediction using SOPMA:
Fig 4: Showing the secondary structural confirmations of the sequence as shown by SOPMA

SOPMA resulct:
Alpha helix (Hh) : 228 i=s 43.26%
310 helix (Gg) : 0 is 0.00%
Pi helix (Iz) = 0 is 0.00%
Beta bridge (Bb) : 0 i=s 0.00%
Extended strand (Ze) 57 is 10.82%
Beta turn (Zx) = 41 iz 7.78%
Bend region (53) = 0 i 0.00%
Random coil {Ce) = 201 is 38.14%
Ambigous states (?) . 0 is 0.00%
Other states H 0 is 0.00%

From the above figure 4 the total number and types of confirmations present in the given sequence have been
identified. It can be inferred that the sequence contains 43.26% of alpha helical conformations, 38.14%random
coil, 10.82% extended strand and 7.78% beta turn confirmations.

Tertiary Structure Prediction CPH and Visualization using RASMOL:

To get the 3D structure of the protein CPH tool has been employed and the ID 3SXF has been selected
as the best id for the structure of the CDPK protein. The structure has been retrieved from the PDB data base
and the visualization has been done in RASMOL software.

Fig 5: The picture showing the 3D structure of CDPK as visualized by RASMOL software:

Disorder site identification using Insilico tools:

www.iosrjournals.org 30 | Page



Protein Annotation & Advanced Insilico Based Mutation Hotspot Identification in Temperature

To identify the disorder regions present in the given sequence GLOBPLOT, DISEMBL and RONN have been
used and the common regions are selected.

e results o

Fig 6: The graph showing th f GLOBPLOT
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The above fig 6 shows the disorder regions as indicated by the GLOBPLOT tool. From the results it can be
explained that there are two regions of disorder in the given sequence which include: 1-74 and 396-401. To
select the best site among the identified regions RONN can be used.

Fig 7: The graph showing the Disorder regions as indicated by RONN.
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The above figure 7 shows the disorder regions as predicted by the RONN analysis. As per the results of RONN
the disordered regions are 1 - 77, 127 - 127, 308 - 357, 383 - 429, and 493 — 499.

Based on the common mutation sites and the highest mutation probability the sites selected are 1-11 amino
acids.

Table 1: The table showing the summarized results of disorder prediction along with the evaluation of the
hydropathicity index for each residue.

Amino Position Disorder Hydropathicity
Acid probability Index / Polarity
M 1 0.78 1.9

G 2 0.82 -0.4

S 3 0.82 -0.8

C 4 0.84 2.5

C 5 0.81 2.5

S 6 0.83 -0.8

R 7 0.84 -4.5

A 8 0.83 1.8

T 9 0.82 -0.7

S 10 0.81 -0.8

P 11 0.80 -1.6

From the above table it can be explained that from among the amino acids 1-11 the amino acids R7 and P11 are
supposed to be exposed on the surface due to their less hydropathicity index. Thus the amino acid R7 is
identified as the mutation hotspot for the CDPK3 sequence from Oryza Sativa.

Summarization of the effect of substitution mutations to the R7 position on the Stability of the structure:
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In the position 7R there are a total of 19 substitution mutations that can be possible and thus the analysis was
carried out to detect the effect of these 19 mutations on the Stability of the protein using I Mutant, The results
are summarized in the Table 2.

Fig 8: The results of SIFT showing the Tolerance level for the mutations at R7.
Predict Not Tolerated PositionSeq Rep Predict Tolerated

ywvtsrqpnlkihgfedea 1M 050 M
ywvtsrqpuml kihfedca 26 050 G
wiii 38 047 vilrqphyCekt FadGSN

wmhfrdypeink 4C 050 gv QLATSC

deswhrekwgsp SC 050 tyami VFLC
\w 68 039 cfvmhiplegnVdt QeRkAS
F\'c TR 039 fmyi1vpl Ht GgdaNe SHK
w $A 039 yfcmhivlIPGrNqt dSAKe
9T 037 we MPi HgFuvDRQTI YSKEA

Table 2: The summarized results for the effect of substitutions:

Wild Mutant Effect on Effect on Tolerance
Type Type stability functions level (SIFT)
(I Mutant)

7R A Decrease Benign T

7R \% Decrease Benign T

7R N Decrease Benign T

7R D Decrease Benign T

7R C Decrease Possibly NT
Damaging

7R E Decrease Benign T

7R Q Decrease Benign T

7R G Decrease Benign T

7R H Decrease Possibly T
Damaging

7R 1 Decrease Benign T

7R L Decrease Benign T

7R K Decrease T

7R M Decrease Possibly T
Damaging

7R F Decrease Possibly T
Damaging

7R P Decrease Benign T

7R S Decrease Benign T

7R T Decrease Benign T

7R w Decrease Possibly NT
Damaging

7R Y Decrease Possibly T
Damaging

From the above results of I Mutant it can be inferred that any of the substitution at the position R would
definitely result in the decrease in the stability of the protein thus resulting in the inactive form or defective form

of the protein.

SIFT results based on damaging substitutions:

Substitution Score
R7C 0.904
R7H 0.755
R7IM 0.904
R7F 0.728
R7TW 0.973
R7Y 0.728
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IV.  Conclusion:

The current work aims to analyze the complete protein sequence and functional parameters of CDPK
which is a major protein involved in the stress mechanism and cold tolerance. The study aimed to identify the
Disorder regions and the recognition of the mutational hotspot sites on the protein sequence.

The domain regions present within the sequence have been calculated using SMART tool. The work
also included the evaluation of phylogenetic relationship among the selected plant species and designing of the
Dendrogram for the same. The physicochemical parameters of the sequence were calculated using Protparam.
The PDB id that can depict the 3D structure of the protein was found to be 3SXF which was visualized using
RASMOL. The major step of the research is to evaluate the effect of the substitution mutation at the hot spot site
on the stability, functionality disease occurrence and tolerability of the protein. These parameters were
calculated using various insilico tools. The final summary of the work is that the hotspot site located on the
CDPK3 sequence of Oryza sativa is R7 position which when substituted with any of the other possible 19 amino
acids would result in a decrease in the stability of the protein as shown by I Mutant tool. As per the results of
SIFT it can also be inferred that though all the substitutions result in a decrease in the stability of the structure
the mutations R7C and R7W are not tolerated whereas the other substitutions may be tolerated. According to the
results of PolyPhen 6substitutions among the total 19 were found to cause a possibly damaging effect. These
include R7C, R7H, R7M, R7F, R7W, and R7Y whose scores were further evaluated and it was found that 3 of
the 6 are having maximum damage than the other substitutions the three maximum damaging substitutions are
R7C, R7M, R7W. From the complete analysis it can be clear that the amino acid substitutions of R7C and R7W
are found to be damaging with respect to the results of all the three tool I Mutant, PolyPhen and SIFT. Thus the
site R7 and the substitutions with C and W are found to be the most damaging mutations that could ultimately
affect the cold tolerance of the plants.
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