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ABSTRACT
Mosaic virus is caused by a variety of viruses Wrdttack all members of the cucurbit family, but
especially thrive on summer squash, cucumber argkmelon plants. It is spread by a variety |pf
methods and so is a serious disease for plantseo€tircurbit family, including cucumbers, gourds,
muskmelons, winter squash, summer squash, watersne@lod pumpkins. The virus can infect
cucumber, squash, muskmelon, and numerous othé o84 plant families, including tomatg
lima bean, beet, sweet corn, and sweet potato. Bftsh, actively growing and mature plants afe
affected. It rarely infects plants in the seedlstgge, but will kill them quickly when it does. ||t
causes a decrease in the number and the qualitiyeofruit. In this study with the help of various
softwares we have elucidated the primary structane secondary structure information and its
components. The predicted and analyzed informatéombe further used in determining the three
dimensional analysis and related studies for th@séeins.

Key words:Mosaic Virus, Poly Protein, p3 Protein, sequencalgsis.

INTRODUCTION
Cucumber mosaic virus (CMV) causing viral diseagkesnany important plants worldwide have been
isolated from pumpkinGucurbitapepadL.) plant leaves. Diseased plants had light gmeettled foliage.
Leaves were smaller than normal, yellow mottled @nidkled. Cucumber mosaic, caused by the
cucumber mosaic virus, is one of the most widespraad destructive diseases on cucumber and
muskmelon. The disease has been known since thel®f0's, and is now found worldwide. The virus
can infect cucumber, squash, muskmelon, and nurmeother hosts in 34 plant families, including
tomato, lima bean, beet, sweet corn, and sweetqditost often, actively growing and mature plaaits
affected. It rarely infects plants in the seedlétage, but will kill them quickly when it does.dauses a
decrease in the number and the quality of the. fruit
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Cucumber mosaic virus (CMV) has one of the broabest ranges. CMV as a type species of the genus
Cucumovirus in the family Bromoviridae is reportednfect 1287 plant species in 518 genera belangin
to 100 familied It is geographically widespread and has beenrteghin Europe, Asia, Australia, North
America and India. In Lithuania, this virus is spdeon black currafit leguminou$’, ornamentdf and
vegetabl&plants, however not detected on pumpkin. The mostnecon symptom induced by CMV is
mosaic; however, severity of disease may range frorabvious symptoms in some crops to death of the
host species. The virus causes fern leaf, stutinggetable crops and malformation of their fruitss
transmitted by numerous species of aphid, throbghsap, the seeds and doddérMorphologically
CMV has rather characteristic about 30 nm polyHeaeticles with hollow centfe The genome consists
of three plus sense single-stranded RNAs, packagedparate particles. CMV particles contain about
18% RNA. The RNAconsists of 4 RNAs. Only largestA8\are required for infectivify. The virions

are not stable to freezing. Long-term storage ofMOMmost reliable in the form of viral RNA, whidh
highly infectious, and very stable at —26RCGreat number of different CMV strains, serogrqups
subgroups and biological variations has been de=di®®* Unfortunately, there is no chemical control
for mosaic virus, and plants need to be removeddasttoyed promptly if they are infected with thiisal
disease. To control the spread of the disease tyndoer beetles and aphids, we need to control these
insect populations with a diazinon containing iteéde repeating the application as much as nepgssa
in seven day intervals. Although there are mosaigswesistant cucumber varieties, so far no rasist
varieties of muskmelon and summer squash are alaita plant. Secondary structure in biochemistry an
structural biology describes the general three-dsimmal form of local segments of biopolymers sash
proteins and nucleic acids (DNA/RNA). It does raiwever, describe specific atomic positions indhre
dimensional space, which are considered to batgrstructure.

MATERIALS AND METHODS
The target selected was tobacco mosaic virus profdie primary sequence from retrieved from NCBI
database. In the present work an integrated appnoas used for sequence analysis. The query protein
sequence of interest is subjected to an exhaustiereence similarity search conducted over all adues
sequence databases by standard sequence anatysiartd it yields in 1D topology of the sequence. |
the next step of this procedure “2D topology” igaded which provides a platform to rationalizehhig
conserved sequence positions in terms of strucamdlfunctional relevance and further allows gajnin
gualitative insights into possible helix-helix irdgetions. The 2D topology is a prerequisite recepto
sequence representation, defining the interreldd&iween the family-wide sequence characteristics.
Following Software and databases were used irsthidy.
1. Primary Sequence retrieval: NCBI (www.ncbi.nlm.gibw)
2. Sequence Alignment tools: BLASTP (www.ncbi.nim.gibwv/blast)
3. Primary Structure Analysis Protoparam: (http:#apasy.org/tools/peotoparam.html)
4. Tm Region Prediction: TMHMM (www.cbs.dtn.dk/ser@&tmhmm-2.0)
5. Signal P3.0 Server Prediction: (www.cbs.dtn.dkises/signalP)
6. Sumo Plot" Prediction: (www.abgent.com/doc/sumoplot)
7. Secondary Structure Prediction: SOPMA:(www.cbsdkfservices/sopma)
8. Minimum System Configuration: Pentium 4 CPU, 3.84;612 MB of RAM
9. Operating System: Windows

The sequence details were retrieved by searchingBE3IEANK using Entrees Browser. In predicting the
1D topology Proto Param was used for computing oubée weight, theoretical isoelectric point (pl),
instability index and aliphatic index. Self Optirai prediction method (SOPM) was used to give a four
state description of secondary structure (alphix Hetta sheet, turn and coils).

The output width was set at 70. Prediction of proreembrances in the target was done using Tmpred &
TMHMM. Prediction of cleavage sites as well as sigpeptide/non-signal peptide prediction on
combination of several rtificial neural networkgarndden markov models was done using SinalP server
Small Ubiquitin — like modifier (SUMO) protein cde conjugated to substrates by enzymes that operate
in ubiquitylation, which mark proteins for rapidténcellular degradation. SUMOpI&t was used to
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predict the probability for the SUMO consensus seges (SUMO-CS) to be engaged in SUMO
attachment of query sequence. Neutral network gtiedifor the attachment of O-linked N-acetylglueos
amine (O-Glc NAC) in protein was done using Ying Yang Server. By following all the above
procedures, the protein sequence is subjected éxlaustive sequence similarity search conducted ov
all accessible sequence databases by standardnseqaealysis tools and vyields its primary and
secondary structure topology.

RESULTS& DISCUSSIONS
* Sequence Retrieval:
Every step in sequence /structural analgdighe target proteins is found to be @ud¢o end -
up with an accurate model . The accuraog &he reliability of a theoretical proteinodel
often depend on the template structuessl the alignment between the target temdplate
sequence. The target sequences were taken from .NKEBbegin with, the FASTA formats of the
proteins were retrieved.

>0i|51949951|ref|YP_077272.1| P3 protein [Watermehosaic virus]

GEAQQRMKCETALIKSIFKPKRMIQILEDDPYILLMGLISPSILIHMYRMK HFEKGIELWISK
EHSVAKIFIIMEQLTRKIAANDLLLEQLDIAGTSQKLMDVLEDCPQSAHS YRTAKDLLAIY
IERRASNNQLIENGFVDINDQLYVTHEKIYVDRLKQEWHALSWLEKSSITWQLKRFTPHTE
QCLTKKVVEESSAYSRNFVSACFMNAQSHLKNVRNTFFRKCDQAWTASVRVVRFIIATL
HKCYSDIVYLVNICLIFSLLVQMVSVLQGIVSTAKRDKAFVHMHKRIEDEQ AVVHLYEMC
EKMENKHPSVEEFLSHVKKVRPELLPVAKSMTGQSEDVSAQ

>gi[365777336|gb|AEW91906.1| polyprotein, parfgaya ringspot virus W]

AAMIESWGYGELTHQIRRFYQWVLEQAPFNELARQGRAPYVSEVGLRRLYBERGSMDE
LEAYIDKYFERERGDSPELLVYHESRIADDYQLVCSNNTHVFHQSKNEAVAGLNEKLKE
KEKQKEKEKEKQKEKEKDDASDGNDVSTSTKTGERDRDVNVGTSGTFTVPKSFTDKMI
LPRIKGKTVLNLNHLLQYNPQQIDISNTRATQSQFEKWYEGVRNDYGLNDNEMQVMLNG
LMVWCIENGTSPDISGVWVMMDGETQVDYPIKPLIEHATPSFRQIMAHFSIAAEAYIAKR
NATERYMPRYGIKRNLTDISLARYAFDFYEVNSKTPDRAREAHMQMKAAAL RNTSRRMF
GMDGSVSNKEENTERHTVEDVNRDMHSLLGMRN

>gi[343790821|dbj|BAK61797.1| 1a protein [Cucumbesaic virus]

MATSSFNINELVASHGDKGLLATALVDKTAHEQLEEQLQHQRRGRKVYIRNVLGVKDSE
VIRNRYGGKYDLHLTQQEFAPHGLAGALRLCETLDCLDSFPSSGLRQDLVDFGGSWVTH
YLRGHNVHCCSPCLGIRDKMRHAERLMNMRKIILNDPQQFDGRQPDFCTQRADCKVQA
HFAISIHGGYDMGFRGLCEAMNAHGTTILKGTMMFDGAMMFDDQGVIPELNCQWRKIRS
AFSETEDVTPLSGKLNSTVFSRVRKFKTMVAFDFINESTMSYVHDWENIKSELTDQTYSYR
GMTYGIERCVIHAGIMTYKIIGVPGMCPPELIRHCIWFPSIKDYVGLKIPASQDLVEWKTVR
ILMSTLRETEEIAMRCYNDKKAWMEQFKVILGVLSAKSSTIVINGMSMQSGERIDINDYHY
IGFAILLHTKMKYEQLGKMYDMWNASSISKWFAALTRPLRVFLSGVVHALF PTLRPREEK
EFLIKLSTFVTFNEECSFDGGEEWDVISSAAYVATQAVTDGKILAAQKAEKLAEKLAQPVI
EVSDSPEAPSQTPDDTAEVCGKEREVSELDSLSAQTRSPITRVAERATAMYAAYEKQLH
DTTVSNLKRIWNMAGGDDKRNSLEGNLKFVFDTYFTVDPMVNIHFSTGRWMRPVPEGV
VYSVGYNERGLGPKSDGELYIVNSECVICNSESLSTVTRSLQAPTGTIS@GVAGCGKTT
AIKSIFEPSTDMIVTANKKSAQDVRMALFKSSDSKEACTFVRTADSVLLNECPTVSRVLVD
EVVLLHFGQLCAVMSKLKAVRAICFGDSEQIAFSSRDASFDMRFSKIIPDESDADTTFRSP
QDVVPLVRLMATKALPKGTRSKYTKWVSQSKVKRSVTSRAIVSVTLVDLDPSRFYITMTQ
ADKASLISRAKEMNLPKTFWNERIKTVHESQGISEDHVTLVRLKSTKCDLAKQFSYCLVAL
TRHKVTFRYEYCGVLNGDLIAECVARA
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>Qi|37927249|gb|AA045984.1| P3 protein [Zucchidioye mosaic virus]

PYILLLGMISPTILVHMYRMRHFERGIEVWIKRDHEIGKIFVILEQLTRKY ALAEVLVDQLN
LISEASPHLLEIMKGCQDNQRAYVPALDLLTIQVEREFSNKELKTNGYPDLQQTLFDMWE
KMYAKQLHNSWQELSLLEKSCVTVRLKQFSIFTERNLIQRAEEGKRASSLQ

Next, a set of related sequences were stdamib the multiple sequence alignment server
CLUSTALW. The templates assigned were obtairtbrcbugh the BLASTp search using SWISS-
PROT and PDB databases. The CLUSTAL's outfmutmat is compatible with GDE, PHYLIP or
GCG packages. CLUSTALW involves a progresssteategy for aligning pairs of sequences .The
CLUSTAL server was selected for sequencelyaisa as it exploits the fact that similar
sequences are likely to be evolutionarilglated and it expressed the degree of dgitgilan a
relatively concised format. As part of itseogtion, the program produced informationuies to
produce a phylogenetic tree.

Fig.1:Cladogram of protein sequences Fig.2:Phylogram of protein sequences
W {1
gAY A
AL BTG
U e

By the analysis of the phylogram and Cladogramait e predicted that sequences gi/3657773 and
0i/34379008 are forming a clade and more closdated to each other then other sequences.

» Primary Structure Analysis (ProtParam): P3 protein (Watermelon mosaic virus)

Number of amino acids347 Molecular weight: 40288.0 Theoretical pl: 8.51
Total number of negatively charged residues (Asp &lu): 41
Total number of positively charged residues (Arg +ys): 45

Atomic composition:

Carbon C 1805
Hydrogen H 2887
Nitrogen N 489
Oxygen O 511
Sulfur S 21

Formula: CigodH 235N 1880511S,1; Total number of atoms: 5713

Instability index: The instability index (II) is computed to be 45.0Bnis classifies the protein as
unstable.

Aliphatic index: 100.00 Grand average of hydropathicity (GRAVY): -0.144
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> Polyprotein, partial (Papaya ring spot virus W)

Number of amino acids390 Molecular weight: 45144.5 Theoretical pl: 6.01
Total number of negatively charged residues (Asp &lu): 61
Total number of positively charged residues (Arg +ys): 55

Atomic composition:

Carbon C 1961
Hydrogen H 3074
Nitrogen N 572
Oxygen O 619
Sulfur S 18

Formula: Ci9g1H307N570619515 ;Total number of atoms: 6244
Instability index: The instability index (II) is computed to be 35.4%is classifies the protein as stable.
Aliphatic index: 64.77 Grand average of hydropathicity (GRAVY): -0.864

» la protein (Cucumber mosaic virus)

Number of amino acids993 Molecular weight: 111421.8 Theoretical pl: 7.49
Total number of negatively charged residues (Asp &lu): 118
Total number of positively charged residues (Arg +ys): 119

Atomic composition:

Carbon C 4923
Hydrogen H 7790
Nitrogen N 1354
Oxygen O 1472
Sulfur S 60

Formula: Csg,H 779N 13540147:560 ; Total number of atoms: 15599

Instability index: The instability index (II) is computed to be 42.3khis classifies the protein as
unstable.

Aliphatic index: 82.27 Grand average of hydropathicity (GRAVY): -0.206

» P3 protein (Zucchini yellow mosaic virus)

Number of amino acids173 Molecular weight: 20327.7 Theoretical pl: 7.42
Total number of negatively charged residues (Asp &lu): 22
Total number of positively charged residues (Arg +tys): 22

Atomic composition:

Carbon C 915
Hydrogen H 1468
Nitrogen N 248

Oxygen O 258
Sulfur S 8

Formula: Co15H146d\24¢025Ss ;Total number of atoms: 2897
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Instability index: The instability index (II) is computed to be 46.0bhis classifies the protein as

unstable.
Aliphatic index: 107.05 Grand average of hydropathicity (GRAVY): -0.218

» Prediction of Theoretical pl/Mw:

Compute pl/Mw is a tool which allows the computatiaf the theoretical pl (isoelectric point) and Mw
(molecular weight) for a list of UniProt Knowledgede (Swiss-Prot or TrEMBL) entries or for user
entered sequences. The results are as followinguiosequences:

Table 1:Theoretical pl/Mw

Protein Theoretical pl Mw

P3 protein [Watermelon mosevirus] 8.51 40288.0:
Polyprotein, partial [Papaya ring spot virus 6.01 45144.5;
la protein [Cucumber mosaic vir 7.4¢ 111421.8
P3 protein [Zucchini yellow mosaic virt 7.42 20327.7.

e InterPro Scan:

InterPro Scan is a tool that scans given proteflueseces against the protein signatures of theRmer
member databases, currently — PROSITE, PRINTS, PRnoDom and SMART. The results are as
following for our sequences

Fig. 3: InterPro results of P3 protein [Watermelonmosaic virus]

InterProScan (version: 4.8) Launched Mon, May 20, 2013 at 10:13:18
Sequence: Sequence_1 Finished Mon, May 20, 2013 at 10:13:50
Length: 347

CRCGA: 6401AEB7F6GO3ATF

InterPro Match Query Sequence | Description
1 W7

nolPR unintegrated
PF13608 —E— [ oty ird-P3

[PRODOM [PRINTS [ | [l WSMART WTGREAMs [PROALE
[HAMAP [PROSITE WSUPERFAMLY — [SIGNALP WTMHMM WPANTHER WCENESD

€ European Bioinformatics Institute 2006-2012. E81is an Outstation of the European Molecular Biology Laboratory.

Fig. 4. InterPro results of Polyprotein, partial [Papaya ring spot virus W]

InterProScan (version: 4.8) Launched Mon, May 20, 2013 at 10:21:34
Sequence: Sequence_1 Finished Mon, May 20, 2013 at 10:21:42
Length: 390

CRC64: 09B6BDD11F2A30F6

InterPro Match  » Query Sequence | Description
1 39

[PRO01592 | Potyvirus coat protein

PFO0767» o 0 ol cout
nolPR unintegrated
§5F56672> e WSSFS66n
DPRODOM  [ARINTS ok mor WART ETIGRFAMs [DPROALE
OHAMAP [OPROSITE WSUPERFAMLY  ESIGNALP ETHHMM EPANTHER BCOVED

O European Bioinformatics Institute 2006-2012. EBI is an Outstation of the European Molecular Biology Laboratory.
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Fig. 5: InterPro results of 1a protein [Cucumber maaic virus]

InterProScan (version: 4.8)
Sequence: Sequence_1

Launched Mon, May 20, 2013 at 10:24:20
Finished Mon, May 20, 2013 at 10:24:30

Length: 993
CRC64: 536EBISSCI26AF11

InterPro Match Query Sequence o Description
| IPRO02588 | Tymovirus methyltransferase
P01 660 » ——— - ]
| IPRO21002 | Replication protein 1a, necrotic phentoype-determining domain
PF12467» | [<IRFY
| IPRO22184 | Cucumber mosaic virus 1a protein C-terminal
PF12503» . BOMV_1aC
[ IPRO27351 | (+) RNA virus helicase core domain
PFO1443» - — [ Viral_helicasel
PS51657» D [ PSRV_HELICASE
EPRODOM @PRINTS a3 WPFAM WSMART WTICRFAMs EPROALE
DOHAMAP DIPROSITE WSUPERFAMILY DSGNALP ETMAMM WPANTHER BWCENED

© European Bioinformatics Institute 2006-2012. EBI is an Outstation of the European Molecular Biology Laboratory.

Fig. 6: InterPro results of P3 protein [Zucchini ydlow mosaic virus]

InterProScan (version: 4.8)
Sequence: Sequence_1

Launched Mon, May 20, 2013 at 10:27:24
Finished Mon, May 20, 2013 at 10:28:57

Length: 173
(CRCO4: EESBI1100408F164

InterPro Match Query Sequence 3 Description
17
| noPR | unintegrated
PFL3608» <o — [ Potyvird-3
SignalP- NN euk)» = [signal-peptide
[PRODOM [MPRINTS [@nR | [l SMART WTICRFAMs [PROALE
[JHAMAP [PROSITE WSUPERFAMLY  [ESIGNALP ETMAMM WPANTHER WCENESD

© European Bioinformatics Institute 2006-2012. EBIis an Qutstation of the European Molecular Biology Laboratory.,

SignalP was used to predict the presencesigfial peptide sequence in the N —termingliore
There is no signal peptide predicted anel ¢signal peptide probability is found to bero. Thus,
it could be safely predicted that the targejuences are non-secretory proteins .

Fig.7: SignalP results of P3 protein [Watermelon msaic virus]

SignalP-4.1 prediction {euk networks): Sequence

T
C-score

S-score ———
1.8 Y-score —— |
8.8 4
8.6 4
©
[ 4
S
o
© 8.4 1
8.2 - 4
oo [T T I
GEAQQRHKCETALIKSIFKPKRHIQILEDDPYILLHGLISPSILIHHYRHKHFEKGIELHISKEHSVAK]
e 18 20 30 410 56 668 70

Position
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8: SignalP results of Polyprotein, partial [Pamya ring spot virus W]
SignalP-4.1 prediction (euk networks): Sequence
l:-sc'ore —_—
S-score
Y-score =

T

AANIESHGYGELTHQIRRFYQHVLEQAPFNELARQGRAPYVSEVGLRRLYTSERGSHDELEAYIDKYFER

2} 10 20 30 48 50 68 70
Position

Fig.9: SignalP results of 1a protein [Cucumber mosa virus]

SignalP-4.1 prediction (euk networks): Sequence

T T T T

HATSSFNINELVASHGDKGLLATALVDKTAHEQLEEQLQHQRRGRKVY IRNVLGVKDSEVIRNRYGGKY

2] 18 28 38 46 56 66 78
Position

Fig. 10: SignalP results of P3 protein [Zucchini y#ow mosaic virus]

SignalP-4.1 prediction (euk networks): Sequence

T
C-score
S-score
Y-score

__/K_

||||||HHHHH\HHHIHIHT THTWWWWWWT

PYILLLGHISPTILVHHYRHRHFERGIEVHIKRDHEIGKIFVILEQLTRKVALAEVLVDAQLNLISEASPH

Position
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e The SUMOplot™ Analysis:

Program predicts and scores sumoylation sitesatejr. The SUMOplot™ Analysis Program predicts
the probability for the SUMO consensus sequencéeMBLLS) to be engaged in SUMO attachment. The
SUMOplot™ score system is based on two criterigealiamino acid match to SUMO-CS. substitution of
the consensus amino acid residues with amino aditlues exhibiting similar hydrophobicity in the
results the red colored amino acids representsfdtaith high probability, blue represents Motifsthvi
low probability and green represents overlappindifglo

> P3 protein [Watermelon mosaic virus]

Table 2. Motifs position in P3 protein [Watermelonmosaic virus]

No. Pos. Group Score
1 K160 IYVDRLKQE WHALS 0.91
2 K8 EAQQRMKCE TALIK 0.80
3 K281 GIVSTAKRD KAFVH 0.79
4 K179 SITWQLKRF TPHTE 0.56

5 K308 LYEMCEKME NKHPS 0.50

6 K51 IHMYR MKHF EKGIE 0.45
7 K226 RNTFFRRKCD QAWTA 0.44
8 K69 KEHSVAKIF [IMEQ 0.44
9 K284 STAKRDKAF VHMHK 0.15

> Polyprotein, partial [Papaya ring spot virus W]

Table 3. Matifs position in Polyprotein, partial [Papaya ring spot virus W]

No. Pos. Group Score

1 K172 FTVPRKSF TDKMI 0.59

2 K136 KQKEKEKDD ASDGN 0.50

3 K66 LEAYIDKYF ERERG 0.15
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> la protein [Cucumber mosaic virus]

Table 4. motifs position in 1a protein [Cucumber maaic virus]

No. Pos. Group Score
1 K433 LLHTK MKYE QLGKM 0.80
2 K346 KDYVGLKIP ASQDL 0.80
3 K68 RNRYGGKYD LHLTQ 0.67
4 K675 ERGLGPKSD GELYI 0.61
5 K287 HDWENIKSF LTDQT 0.59
6 K529 KILAA QKAE KLAEK 0.50
7 K957 TKCDLFKQF SYCLV 0.50
8 K922 KEMNL PKTF WNERI 0.26
9 K481 LRPREEKEF LIKLS 0.15

> P3 protein [Zucchini yellow mosaic virus]

Table 5. motifs position in P3 protein [Zucchini yow mosaic virus]

No. Pos. Group Score
1 K32 GIEVWIKRD HEIGK 0.94
2 K149 CVTVRLKQF SIFTE 0.56
3 K39 RDHEIGKIF VILEQ 0.32

» SOPMA Secondary Structure Prediction:
Self-Optimized Prediction Method (SOPM) has beescdbed to improve the success rate in the
prediction of the secondary structure of proteirtis method (SOPMA) correctly predicts 69.5% of
amino acids for a three-state description of tlwoisdary structure (alpha-helix, beta-sheet ang coil
in a whole database containing 126 chains of nondhagous (less than 25% identity) proteins. Joint
prediction with SOPMA and a neural networks metfiBHD) correctly predicts 82.2% of residues
for 74% of co-predicted amino acids.In our casehaee selected the Window width-17, Similarity
threshold -08 and Number of states- 04.

> P3 protein [Watermelon mosaic virus]

10 20 30 40 50 06 70
| | I I | ||

GEAQQRMKCETALIKSIFKPKRMIQILEDDPYILLMGLISPSILIHMYRMK HFEKGIELWISKEHSVAKI
hhhhhhhhhhhhhhitthhhhhhtttttceeeebcctheeedcttchhhhhhhhbttcchhhh
FIMEQLTRKIAANDLLLEQLDIHAGTSQKLMDVLEDCPQSAHSYRTAKDL LAIYIERRASNNQLIENGF
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhibhbhhchhhhhhhhhhhhhhhlibhhhhtit
VDINDQLYVTHEKIYVDRLKQEWHALSWLEKSSITWQLKRFTPHTEQCLTKKVVEESSAYSRNFVSACFM
Eehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhibhh hhhhh hhhhhhhhhh
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NAQSHLKNVRNTFFRKCDQAWTASVRVLVRFIIATLHKCYSDIVYLVNICL IFSLLVQMVSVLQGIVSTA

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhitiithhhhhhhhhhhhhhhhhhhhhhhhhhh
KRDKAFVHMHKRIEDEQAVVHLYEMCEKMENKHPSVEEFLSHVKKVRPELLPVAKSMTGQSEDVSAQ
Hhhhhhhhhhhhhhhhhhhhhhhhhhhiohcchhhhhhhhhiichhhhhhhhhhhitechhhh

Sequence length: 347

Alpha helix Hh) . 2721is 78.39%
310 helix Go . 0Ois 0.00%
Pi helix (D] . 0Ois 0.00%
Beta bridge Bb) . 0Ois 0.00%
Extended strand E o 1lis 3.17%
Beta turn (D) . 16is 4.61%
Bend region €9 . 0Ois 0.00%
Random coil Co) . 48is 13.83%
Ambigous states  (?) . 0Ois 0.00%
Other states : 0Ois 0.00%
Fig. 11:

» Polyprotein, partial [Papaya ring spot virus W]

10 20 30 40 50 60 70

I I I I || I
AAMIESWGYGELTHQIRRFYQWVLEQAPFNELARQGRAPYVSEVGLRRLYBERGSMDELEAYIDKYFER
hhhhhlitchhhhhhhhhhhhhhlicchhhhhtitccchhhhhhhhhhhivxccchhhhhhhhhhhhhh
ERGDSPELLVYHESRIADDYQLVCSNNTHVFHQSKNEAVDAGLNEKLKEKEKQKEKEKEKQKEKEKDDAS

eecee tteeeettcceeaccchhhhhhhhhhi
DGNDVSTSTKTGERDRDVNVGTSGTFTVPRIKSFTDKMILPRIKGKTVLNINHLLQYNPQQIDISNTRAT

5054 hh ttcceedhheee hh

QSQFEKWYEGVRNDYGLNDNEMQVMLNGLMVWCIENGTSPDISGVWVMMD&ETQVDYPIKPLIEHATPSF
hhhhhhhhhhhhhhitchhhhhhhitheeee&tt eeeee hhhccchh
RQIMAHFSNAAEAYIAKRNATERYMPRYGIKRNLTDISLARYAFDFYEVNSKTPDRAREAHMQMKAAALR
hhhhhhhhhhhhhhhhhix hhccchtcchhhhhhhleeeeee hhhhhhhhhhhhhhh
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NTSRRMFGMDGSVSNKEENTERHTVEDVNRDMHSLLGMRN

ttcceeeet hhhhhhhhhhhhhhhit

Sequence length: 390

Alpha helix Hh) . 160is 41.03%
310 helix Go . 0Ois 0.00%
Pi helix (D] . 0Ois 0.00%
Beta bridge Bb) . 0Ois 0.00%
Extended strand Eg . 4lis 10.51%
Beta turn ()] . 23is 5.90%
Bend region ¢9 . 0Ois 0.00%
Random coil o . 166 is 42.56%
Ambigous states  (?) . 0Ois 0.00%
Other states : 0Ois 0.00%
Fig. 12:

II‘I‘ '
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J iy
"y \ I./I’I ! )v} i
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150 200 250 300

» la protein [Cucumber mosaic virus]

10 20 30 40 50 60 70
I I I I || I

MATSSFNINELVASHGDKGLLATALVDKTAHEQLEEQLQHQRRGRKVYIRNVLGVKDSEVIRNRYGGKYD
hhcchechhhhhhtitcchhhhhhhhhhhhhhhhhhhhhhhieeeebheencthhhhhhliccee
LHLTQQEFAPHGLAGALRLCETLDCLDSFPSSGLRQDLVLDFGGSWVTHYRGHNVHCCSPCLGIRDKMR
eee hhhhhhhhhhhhhhhihcdttccceeeet ceeeeete hhhh
HAERLMNMRKIILNDPQQFDGRQPDFCTQPAADCKVQAHFAISIHGGYDMGRGLCEAMNAHGTTILKGT
hhhhhhhhhhhhix ee heeeett hhhhhhhhhticeeeg
MMFDGAMMFDDQGVIPELNCQWRKIRSAFSETEDVTPLSGKLNSTVFSRVRFKTMVAFDFINESTMSYV
eeetheeedttccchhhhhhhh hhhhhhhhhhhhhtiticeeeeeeettcceee
HDWENIKSFLTDQTYSYRGMTYGIERCVIHAGIMTYKIIGVPGMCPPELIRHCIWFPSIKDYVGLKIPAS

hhhhhhhhticccetceee@hhleentteeeeeeett ehheeecthhhieee
QDLVEWKTVRILMSTLRETEEIAMRCYNDKKAWMEQFKVILGVLSAKSSTI VINGMSMQSGERIDINDYH

hhhhhhhhhhhhhhhhhhhhii hhhhhhhhhhhitcceeeéceettccecchhhhh
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YIGFAILLHTKMKYEQLGKMYDMWNASSISKWFAALTRPLRVFLSGVVHAL FPTLRPREEKEFLIKLSTF

hhhhhhhhhhhhhhhhhhhhhhhtihivhhhhhkecchhhhhhhhhhinchhhhhhhhhhhhhhith
VTFNEECSFDGGEEWDVISSAAYVATQAVTDGKILAAQKAEKLAEKLAQPVIEVSDSPEAPSQTPDDTAE
eedhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhiegehia hh
VCGKEREVSELDSLSAQTRSPITRVAERATAMLEYAAYEKQLHDTTVSNLKRIWNMAGGDDKRNSLEGNL
hh eecchhhhhhhhhhhhhhhhhhhhhhhhhhhbkEh hhhh
KFVFDTYFTVDPMVNIHFSTGRWMRPVPEGVVYSVGYNERGLGPKSDGELNNSECVICNSESLSTVTR
hhhhhhhhhhhhhtescdtceeccieeeeeeett eeeeeccehhhhhhhhhh
SLQAPTGTISQVDGVAGCGKTTAIKSIFEPSTDMIVTANKKSAQDVRMALKSSDSKEACTFVRTADSVL
eeeel eehhhccttceeeeee cchhhhhhhhhhccdhhhheehhhhhte
LNECPTVSRVLVDEVVLLHFGQLCAVMSKLKAVRAICFGDSEQIAFSSRDASFDMRFSKIIPDETSDADT
etccithhheenhhreecchhhhhhhhhhhhhdeeeeccceeeeccceeeeeees
TFRSPQDVVPLVRLMATKALPKGTRSKYTKWVSQSKVKRSVTSRAIVSVTIVDLDPSRFYITMTQADKAS
hhhhhhhhhhtecdtccceeeeechhhhhh eeeeeecccteeeeeeccthhh
LISRAKEMNLPKTFWNERIKTVHESQGISEDHVTLVRLKSTKCDLFKQFSYCLVALTRHKVTFRYEYCGV
hhhhhhhtccchhhhhhhhhhhtttccccheeeeeeccchhhhhhhhkeeétttcceeees
LNGDLIAECVARA eehhhhhhh

Sequence length:993

Alpha helix Hh) . 437 is 44.01%
310 helix Go . 0Ois 0.00%
Pi helix (i) : 0is 0.00%
Beta bridge Bb) . 0Ois 0.00%
Extended strand Ef . 178is 17.93%
Beta turn (D) . 66is 6.65%
Bend region €9 . 0Ois 0.00%
Random coil Co) : 312is 31.42%
Ambigous states  (?) . 0Ois 0.00%
Other states : 0is 0.00%
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» P3 protein [Zucchini yellow mosaic virus]

10 20 30 40 5 06 70
I | | | |1 |

PYILLLGMISPTILVHMYRMRHFERGIEVWIKRDHEIGKIFVILEQLTRKYV ALAEVLVDQLNLISEASPH
heeed@hccthheedhcttchhhhhhiee hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
LLEIMKGCQDNQRAYVPALDLLTIQVEREFSNKELKTNGYPDLQQTLFDMWEKMYAKQLHNSWQELSLLE
hhhhhhh hhhhhhhhhhhhhitchhhhhtceehhhhhhhhhhhhhhhhhhhhhhhhhhhh
KSCVTVRLKQFSIFTERNLIQRAEEGKRASSLQ
hhhireehhccechhhhhhhhhhhitccceee

Sequence length: 173

Alpha helix Hh) . 120is 69.36%
310 helix Go . 0Ois 0.00%
Pi helix (i) : 0is 0.00%
Beta bridge Bb) . 0Ois 0.00%
Extended strand Ep . 16is 9.25%
Beta turn ()] . 7is 4.05%
Bend region €9 . 0Ois 0.00%
Random coil o . 30is 17.34%
Ambigous states  (?) . 0Ois 0.00%
Other states : 0is 0.00%
Fig. 14:

20 40 60 80 168 120 140

e Predict transmembrane:

From the analysis of TMHMM result it coulde bnferred that there are no transmembragleds
present in this sequence so, it is notlyjikes be a transmembrane protdiralso indicates that
any of the predicted transmembrane helix in titefh is not a signal peptide.

» P3 protein [Watermelon mosaic virus]

Sequence Length : 347

# Sequence Number of predicted TMHs : 1

# Sequence Exp number of AAs in TMHs : 30.61454
# Sequence Exp number, first 60 AAs  : 10.07098

# Sequence Total prob of N-in  : 0.74772
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Sequence POSSIBLE N-term signal sequence

Sequence TMHMM2.0 inside 1 253

Sequence TMHMM2.0 TMhelix 254 276

Sequence TMHMM2.0 outside 277 347
Fig. 15:

TMHMM posterior probabilities for Sequence

12

probability

100 150 200 250 300

outside

inside

transmembrane

> Polyprotein, partial [Papaya ring spot virus W]

Sequence Length : 390

# Sequence Number of predicted TMHs : 0

# Sequence Exp number of AAs in TMHs : 0.00127
# Sequence Exp number, first 60 AAs : 0

# Sequence Total prob of N-in : 0.00659

Sequence TMHMMZ2.0 outside 1 390

Fig. 16:
TMHMM posterior probabilities for Sequence
12 ;
1
08
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@ 08¢
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a
04t
02t
0
50 100 150 200 250 300 350
transmembrane inside outside

Copyright © December, 2015; IJPAB 271



Jain, P.A. et al Int. J. Pure Appo8ti.3 (6): 257-274 (2015)
» la protein [Cucumber mosaic virus]

Sequence Length: 993

# Sequence Number of predicted TMHs : 0

# Sequence Exp number of AAs in TMHs : 0.03494
# Sequence Exp number, first 60 AAs .0

ISSN: 2320 — 7051

# Sequence Total prob of N-in :0.00152
Sequence TMHMM2.0 outside 1
Fig. 17:
TMHMM posterior probabilities for Sequence
12
i
08
2
§ 0.6
<
Q
04
02
0 " " " . 5 . . p .
0 100 200 300 400 500 600 700 800 900
993 transmembrane inside outside

» P3 protein [Zucchini yellow mosaic virus]

Sequence Length : 173

# Sequence Number of predicted TMHs : 0

# Sequence Exp number of AAs in TMHs : 0.4565
# Sequence Exp number, first 60 AAs  : 0.4565
# Sequence Total prob of N-in : 0.03243
Sequence TMHMM2.0 outside 1 173

Fig. 18:

TMHMM posterior probabilities for Sequence

08

06

probability

04

02

20 40 60 80 100 120 140

transmembrane inside
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CONCLUSION
Several viruses that affect cucumbers, melons, gimepsquash, and other members of the cucurbit
family e.g. Cucumber mosaic virus (CMV), zucchierilpw mosaic virus (ZYMV), watermelon mosaic
virus (WMV) and papaya ring spot-W (PRSV-W). Alleatransmitted from diseased plants to healthy
plants by aphids from plant to plant in a non-mtesit manner. This means they acquire the virus &o
infected plant almost immediately but are ablenfedt healthy plants for only a short time, usuallfew
days to a week. Only a small number of aphids aszled to spread the virus throughout the field. CMV
is also spread by spotted and striped cucumbelelg@tcumber mosaic, caused by the cucumber mosaic
virus, is one of the most widespread and destreatiseases on cucumber and muskmelon. The disease
has been known since the early 1900's, and is wonvdf worldwide. The virus can infect cucumber,
squash, muskmelon, and numerous other hosts inadd families, including tomato, lima bean, beet,
sweet corn, and sweet potato. Most often, actigedying and mature plants are affected. It ranafgdts
plants in the seedling stage, but will kill themiakly when it does. It causes a decrease in thebeum
and the quality of the fruit.
Here we have done the project about the sequeralgsenand prediction of secondary structures of
cucurbits. The Fasta format of the target sequemwees retrieved from NCBI. The next step for seaqeen
analysis was performed using the Multiple Sequekimmment Server CLUSTAL W which involves a
progressive strategy for aligning pairs of sequefibe CLUSTAL W server was selected for sequence
analysis as it exploits the fact that similar seges are likely to be evolutionary related anckjiressed
the degree of similarity in the relatively concfsemat.A lot more information about linear amincica
sequence was known but full understanding of tlwdobical role of these can only be possible if we
clearly analyse the secondary structure of protdm.part of secondary structure prediction process,
various online servers were used. The full biolabimles were understood by analysing the entire
possible aspect sand feature with the help of varsmftwares.
The study gives the insight into engineering thdemules for better study of the enzyme and obtginin
the structure molecule for present and future dgraknt of the process.
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