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Citrus is grown in 140 countries of
the world and is one of the choicest
fruit having high consumer's
preference both as fruit as well as its
refreshing processed juice.



Introduction

Citrus Family : Rutaceae
Tribe : Citreae
Sub Tribe: Citrineae
Genus: Citrus
Area in India: 0.56 mha
Production in India: 4.58 mt

Productivity in India: 12-13 tons/ha

World Productivity: 28-30 tons/ha.

Important members : Sweet Orange, Acid Lime, Rangpur
Lime, Pummelo, Rough Lemon, Mandarin and Grape Fruit




Major Citrus growing areas in India
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Important diseases: Citrus tristeza, Indian Citrus Ringspot,
Citrus mosaic virus, Citrus Greening,Citrus exocortis, Citrus
Gummosis, Citrus canker etc.

Importance of work: for determine variability in the viral
genome.

Dakshinamurti and Reddy, 1975

— Sathgudi Sweet orange - Andhra Pradesh
Ahlawat, 1985

— Khasi Mandarin — N. E.India

10 to 70% (Ahlawat et al., 1996)

77% reduction in Fruit yield
10% reduction in Juice and ascorbic acid content
(Reddy G.S et al., 1985)




CMBYV

Ahlawat et al.,1996 did partial characterization of citrus
mosaic virus (CMBV) which they name as citrus yellow
mosaic badnavirus. However, as per y
The virus has been named as citrus mosaic virus

Family: Caulimoviridae
Genus: Badnavirus

Non enveloped bacilliform virus
30 X 120-150nm

Circular ds DNA

7559 bp.

siXx ORFs

Pararetrovirus




Molecular characterization of Citrus mosaic virus

Symptoms induced by Citrus mosaic virus on
sathgudi sweet orange under field condition




Method Materials:

Collection of culture: Survey of sathgudi sweet orange (Citrus sinensis (L.)
Osb) was done in the Nagri village of Chittor, district which is about 40 km away
from Tirupati in Andhra Pradesh during November 2006. Two orchards of
sathgudi sweet orange which was having approximately 440 plants were
surveyed for presence of mosaic and greening disease symptoms.
Symptomatic leaves from sathgudi sweet orange plants showing mosaic
symptoms were collected and stored at -80 OC.

Graft transmission and establishment of culture: Bud sticks from plants
showing mosaic symptoms were wedge grafted on 10 plants each of 1
year old healthy seedlings of sweet orange (Citrus sinensis (L) Osbeck
and acid lime (Citrus aurantifolia (Christm). The grafted and healthy plants
were maintained in the insect proof glasshouse. The grafted plants were
observed for about 6 months and plants showing symptoms were used
for further studies.

Electron microscopy of CMBV: The leaf-dip preparation was used for
detection of CMBV and stained with 20% uranyl acetate examined under
transmission electron microscope (JEOLJEM-1011) at Plant virology unit,
Division of Plant Pathology, Indian Agricultural Research Institute, New
Delhi 110012.




1.The total genomic DNA was isolated from healthy and CMBV
infected leaf from glass house using DNeasy plant mini kit method
( ). The method is described below.

2.100 mg of diseased and heaLhy leaf tissue for CMBV were taken
separately for total DNA isolation. The samples were washed and
ground to powder with the help of pestle and mortar in liquid
nhitrogen.The powdered samples were immediately transferred to
autoclaved 1.5 ml eppendorf tubes.

3.To this 400 pl of AP1 buffer and 4ul of RNase A (100mg/ml) were
added and vortexed vigorously for proper mixing. The mixtures were
incubated for 10 min at 650C. 4.The tubes were inverted 2-3 times
during incubation period.After 10 mins 130 pl of AP2 buffer was added
to lysates, properly mixed and kept in ice for 5 mins. Lysates were
centrifuged at 12,000 rpm for 5 mins.

5.The supernatant lysates were {ransferred into the QlAshredder spin
columns (lilac colour) placed in 2 ml collection tube and centrifuged at 12,000
rpm for 2 mins.




6.The flow through were transferred to a new eppendorf tubes
without disturbing cell debris.To the flow through 1.5 volumes (of flow
through) of AP3/E buffer was added and mixed properly by pipetting.

7.The 650 pl of mixtures were tlansferred into the DNeasy columns
placed in a 2 ml collection tubes. 8.Centrifuged for 1 min at 2 8000 rpm
and flow through was discarded. Step 8 was repeated for remaining
mixture, flow through and collectimltubes were discarded.

9.The DNeasy mini spin columns were placed in a new 2 ml|
collection tubes. 10. 500 pl of AW buffer was added to columns and
centrifuged for 1 min at 28000 rpm.11. Flow through was discarded and
columns with collection tubes were reused in step 11.

12.500 pl of AW buffer was added to columns and centrifuged for 2
min at maximum speed to dry the membrane. 13.The DNeasy columns
were transferred to a new 2 ml microcentrifuge tubes and 75 pl of
preheated (650C) AE buffer was added directly into DNeasy column
membrane. 1

14.Columns were incubated at room temperature and centrifuged for
1 min at 28000 rpm to elute DNA from the membrane of the columns.15.
75 pl of collected DNA was stored at -200C for further use.




Primers for CMBV genome amplification

Eight sets of overlapping primers (17-22 nucleotides) were designed
manually for full length genome amplification of citrus mosaic virus (CMBYV)
associated with sweet orange, Nagri isolate (CMBVSON). The full length
genome sequence of CMBV available in GenBank (accession number
AF3476695) was used for designing and synthesis of primers. The primers
were synthesized at Biobasic, Canada.

Sweet orange — Andhra Pradesh (CMBVSOH) Accession Number : AF3476695
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Details of primer sets used for PCR amplification of full length
genome of CMBYV sweet orange, Nagri (CMBVSON)

Primer
Set Nos.

Name of the primer and their sequences

CMBV IF- TGGTATCAGAGCTTGGTTAT
CMBV1016- TTGTAAGCGTAGAAGGTA

CMBV897F - AACCCCAGCAAGGCTCATCAAC
CMBV1972R- CAATCATGTTTCTTGTATCCAC

CMBYV 1948F- TGGATACAAGAAACATGATTG
CMBYV 3440R- GAATCACAAGTAAGCCTCTC

CMBV3309F- TGATGGTCGTGAGGGTACTCA
CMBV 4371R- TCCTGCTGTTGCTGTAAC

CMBV4222F- ACCACTCAGAGAGCTCGCTTACA
CMBYV 5204 R- CCCAATACTTCATAGGCTCTTC

CMBYV 4998 F- CAACACCAGGCTTGCTGCACC
CMBYV 6205R- CATGCATCCATCCGTTTCG

CMBYV 5894 F - TTCACAAAGGGCTTATCAAG
CMBYV 6899 R- GCCACCAGTTGTCTTGCTGA

CMBV 6712 F- AGATTAGATCACCTTTAGCG
CMBYV 230R- AGATTAGATCACCTTTAGCG

Annea-ling
tempera-
ture

54°C

Exten-
sion time

60s

Expected amplicon
size based on CMBYV
sequence accession No.
AF 347665 inGen bank

1015 bp

1075bp

1492 bp

1062bp

982 bp

1306 bp

1005 bp

~833 bp




PCR mix and PCR profile used for amplification of CMBV
The composition of PCR mix used for amplification of genome of CMBYV is
given below,

Sterile distilled water 31.50 pl

10 x PCR buffer 5.00 pl

25mM MgCi2 3.00 pl

10mM dNTPs 1.00 pl

Forward primer (100ng/ul)2.00 pl

Reverse primer (100ng/ul)2.00 pl

Taq polymerase (5units/ul)0.50 pli

Template DNA 5.00 pl

Total PCR mix volume  50.00 pl

For amplification of the target DNA, following PCR profile was used
in the Eppendorf Thermal cycler machine AG 22331 (Germany)

94 °C 5 minutes

94 °C 30 second

53 9C - 62°C* 1 minutes 30 cycles

72 °C 1 minute

72 °C 10 minutes




Cloning of amplified products

The vector pDrive 322 (3850bp) (Qiagen, Germany), was used for
thecloning of eluted PCR products of CMBVSON. There is a single 3’
and 5° U overhang in pDrive322 vector at the insertion sites (multiple
cloning sites) which prevent self ligation of the plasmid vector
Ligation and transformation

Qiagen PCR Cloning plus kit (Qiagen, Germany) was used for ligation
and Transformation of PCR amplified product

I. After thawing 2x ligation master mix and pDrive322 cloning vector DNA, they were

placed on ice.

ii. A ligation reaction mixture was prepared according to the following scheme

Component Volume/reaction
Vector (50ng/ul) 1.0 pl
PCR product 4.0 pl
Ligtaion mix (2X) 5.0 ul
Total 10.0 pi

ili. The ligation reaction mixture was mixed and then incubated for 30 minutes at 4-16

°C.

iv. The ligation reaction mixture was then used for transformation or stored at -20 °C

until use. (15-18 hours




i. Two tubes of Qiagen EZ competent cells were thawed on ice.
SOC medium was thawed and brought to room temperature.

il. 5 pl of ligation reaction mixture was added to the tube of
Qiagen EZ competent cells, mixed gently, and incubated on ice
for 5 minutes. 1

ili. The tube was heated in a 42°C in water bath or heating block
for 30 seconds without shaking.iv. The tube was then
incubated on ice for 2 minutes.

v. 250 pl SOC medium was addeld to the tube and 100 pl of each
transformation mixture was then directly plated on to Luria
agar plates containing ampicillin ( 100 ug /ml ), Xgal ( 80

Hg/ml and IPTG (50um). 1

V1. The plate was then incubated at room temperature until the
transformation mixture had been absorbed in to the agar. The
plate and incubate was inverted at 37°C over night




Selection of transformants and screening for the positive
clones

The transformants were selected on the basis of blue/white
colony colour. The white colonies were selected and
subsequently master plates were prepared using Luria agar
containing Ampicillin (100 pg/ml), X-gal (200 pg/ml) and IPTG
(0.1M) (Sambrook and Russell, 2001). In master plate individual
white colonies were streaked in each grid using autoclaved tooth
picks. In order to select positive clones carrying the desired
insert, colony PCR was done.

Screaming of positive clones by colony PCR

Transferred small amount of bacterial cells from selected
recombinant colonies (two to four) cells from individual grids
were using sterile toothpicks to PCR tubes (200 pul) containing
the PCR mixture bacterial cells served as template in PCR mix.
Amplification conditions described earlier were followed and
PCR products were electrophoresed in 1.0% agarose gel
containing ethidium bromide.




Nucleotide sequencing of clones and in silico analysis

Clones obtained from PCR products of primer sets 2, 3, 4
and5to obtain full length sequence of CMBVSON

Clone Sequence Number Expected length
(bp)
p-Drive CMBVSON 2 897F-1972R 1075

p-Drive CMBVSON 3 1948F-3440R 1492 bp
p-Drive CMBVSON 4 3309F-4371R 1062bp
p-Drive CMBVSON 5 4222F-5204 R 982bp

PCR Products obtained with 4 other primers sets 1, 6,
7,8 and used for full genome sequencing of CMBVSON

PCR product Sequence Number Length (bp)

CMBYV N-1 1F-1016R ~1015 bp
CMBYV N-6 4998 F-6205R ~1306 bp
CMBYV N-7 5894 F-6899 R ~1005 bp
CMBYV N-8 6713 F- 230R ~833 bp




Nucleotide sequencing of clones and in silico analysis

Selected recombinant clones of CMBV (CMBVSON-2, CMBVSON-3,
CMBVSON-4, CMBVSON-5 with insert of approximate size ~1075, ~1492 bp,
~1062bp, ~982bp (Table 3.2) and PCR Product (CMBVSON-1, CMBVSON-6,
CMBVSON-7, CMBVSON-8 (Table 3.3) with ~1015 bp, ~1306 bp, ~1005 bp, ~833
bp sizes were sequenced at Department of Biochemistry, DNA sequencing
facility, South Campus, New Delhi

Sequences were analyzed by Blast (http:/www.ncbi.nim.nih.gov/blast/)
(Altschul et al., 1997). After sequence comparison checking homology all the
sequences were aligned to get full length genome sequence by deleting the
one of the overlapping regions between sequences. Protein coding region
open reading frame (ORF) was searched by Bioedit as well as by ORF finder
available at www.ncbi.nlm.nih.qov/blast/.

Sequence identity matrix and other basic analysis were carried out using
Bioedit Sequence Alignment Editor Version 5.0.9 (Hall, 1999). Multiple
sequence alignments were generated using Clustal W (Thompson et al., 1994).
The full nucleotide and amino acids sequences of other badnaviruses for
comparison were obtained from GenBank and multiple alignments at
nucleotide and amino acid were generated.



Graft transmission and establishment of culture

Symptoms developed on sweet orange citrus ]
plant after graft inoculation of Citrus mosaic Electron microscopy of CMBV:

virus infecting sathgudi sweet orange plant

Electron micrograph showing 120x30nm
bacilliform particle of citrus mosaic virus (CMBYV)
in leaf dip preparation (magnification 1,00,000




PCR amplification of CMBVSON
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Gel electrophoresis of PCR products of genome of CMBVSON with
eight sets of primers



Cloning

Blue and white colonies
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Colony PCR

1075 bp

897F-1972R 1948F-3440R 3309F-4371R 4222F-5204R
(2) 3) ) (5)

Gel electrophoresis of PCR amplified products
from colonies of selected recombinants clones



Multiple alignment of all the six ORFs (Amino acids sequence) of

the genome of CMBVSON with other CMBYV isolates
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Multiple alignment of all the six ORFs (Amino acids sequence) of

the genome of CMBVSON with other CMBYV isolates
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CMBVAL2 DIONVTIDYLVSHG IQALE GRRYS AADVQGQOWFLRE SHIP AVEMAPTHVDTRIM 300
CMBVSOP AFAYVQIQNVTDYLVSHG IQALE GRRYSARDVQGQOWFLRP SHTP AfprapTuvErRINg 300 670 630 690 700 o 720
CRMVRL  flVAFAYOTONVIDYLYSHG TOALECRRYSERDVOGOOWFLRE SIIR AVPUARTHVDIRIM 300 amvson R T e e e e 716
CMBVPM IVAFAYQIQNVTDYLVSHG IQALP GRRY S AADVQGOOWFLRP SHTP AVPMAPTHVDTRIM 300 CYMVSOH WHAFTSLESAQQNT G ALF IMP 0O TG LFHEVFT SWEATTKAYVAQQG ITDPROKAEF IE| 718
CYMVALL Ao ¢ ALFIMP 0O TG LEHEVE T SWEATTKAYVAQQG ITDEDKADF IE| 703
310 320 330 340 350 360 CMBVAL2 5 'QQHT1:'ALFII~II?QQI<,I.EFIEVFTSWEBITKHYVB'Q‘J,ITDPRDKBDFIE 710
PP TP TP I PP TRSPRPI IPUPUPIPE IPEPUPEI EPEPRPUPS PUPRPRN EPUPRPRN CMBVSOP . ODIGLFHEVFTSWEATTEKAYVAQQGITDPKDKADFTE| 702
CMBVSON  [IDGSISLRENSYOPAPDR|PVAVIQHDEEVPPDEDEEQIRNHT 1AL EVWDTLGEP| 360 CYMVRL KADFTE| 6832
CYMVSOH ID‘.:SISLRF}ISI*;’PI—LPDPEFVHY}IUHDEEVPPDEDEE*;'IRJ'IHTIBLWRE EVWDTLGEE| 360 CMBVPM ? TISLPSAQONTGRALFIMPOOTIGLFHEVETSWEATITKAYVAQQGITDPRDKADFTE| 710

CYMVAL1  [IDGSISLRFNSYQPAPDPLPVAYNOHDEEVPDEDEECIRVHT IALWREEHEVWDTLGER| 360

CMBVAL? ITDGS TSLRFNSYOP APDE AP VTV HOHDEE[MP FDEDEE O TRIHT IATLWRENDEVWDTLGER| 260 T s T e S ST
CMBVSOP  [IDGSISLRFNSYQPAPDEAP[[EYIOHDEEIPE DEDEEOIRVHITELWREPHEVWDTLGER| 360
CYMVRL [IDGSTSLRFNSYQPAPDP APV AYHOHDEEVPPEDEEQTRIHT TATWREENEVADTLGEP| 360
CMBVPM [[DG S ISLRFNS YOPAPDE APVAYHOHDEE[PPDEDEEQ IRNHT IALWRENDEVWDTLGER| 360
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» H »
ne _dgenome \"il= JN WITh OTNE \"il= pDlale
CHMBVSON  [MLCPTERIIWTOWRMGYADEYENLVITADCREGTON ILSQMRRVE SLEDPATCSTAVOD] 778 ORF3
CYMVSOH  |MLGPTEKTTIWTOWRMGYADEYENTLVTTADGREGT ONTLSOMRRVFSTEDR[rcsTavon| 778
CYMYALL  WMLCETERIIWTOWRMGYADEYENLYTT ADCRECT ONILS QMRRVE SLEDEATCSTAVOD) 763 CYMVSOH  |ORARLHCKLCHITSCIMCGETYFNKEITVORffPOAPFIOKGLLOOQOEYIAWCHHETART] 1113
CHBVAL2 MMLCETER LIWLQWRMG Y ADEYENLVTTADGRECT QN ILSQMRRVE'SLEDPATGSTAVQD 770 CYMVALL ‘»R’HRIHCKLCHITSCI_MC PTYFHKKITV;»PIP:»RPFHQK LLOQOQEYIAWCHNEIARI| 1098
CHBVSOP  |HLOPTERTIWTOWRMG VADEVENLVTTADCRECTONTLSOMRRVESTEDPATCSTRAVAD 762 CMEVALZ  [DRARLHCKLCHITSCLMC pTrntE(ITv{»pIp{»;mFlwx LLOODOEYTAWCHNEIARI| 1105
CYMVRL MLGPTEKIIWLQWRMGYADEYENLVT TADGREGT QNILSQMRRVESLEDPATGSTAVOD 749 CMBVSOP DRARTHCKLCHITSCIMCGPTYFHNKKITE —— POAPFHOKGLLOQOOEYTIAWCHNEIART 1116
CHBVPM MLCPTEKTIWT QWRMG ¥ ADE YENLVTT ADGREGT QN LLS QMRRVE SLEDP AT G STAVOD 770 CYMVEL  RARLHCKLCHIT SCLMCCPT YFIKK ITVOE R OAP FIIQKCLLOQOOE Y TAWCINETART] 1084
CMBVEM DRARLHCKLCHITSCLMCCPT YFNKKITVOP IPQAPFHOKGLLOQQOEYIAWCHNEILRY| 1107
790 820 830 840
S P P I P IS P | 1150 1160 1170 1200
CHMBVSON  [EAYRDLERLICDSV] KHIVOYLHDFMRIARKTCRME L] G15 R T P T DI DU IO T L
CYMVSOH EAYRDLERLTCDS V] KHIVOYLNDFMRTARKTGRMETG| 8§15 CMBVSON KEEVAFYRQLAQERELQLOLEQSRKELAGADS RRRKDK: g sfrves] 1173
CYMVAL1  |[EAYRDLERLTCDSV] KU TVOYLIDFMRTAAKT GRMETE| 800 CYMVSOH  KEEVAFYKQLAQERETLOLOTEQSRKELACKIDSRRRKDKC[VIDECSCYFNPEETTRI[RH 1173
CMBVAL?  [EAYRDLERLTCDSV] KHIVOVLNDFMRIARKTCRMETC| 507 CYMVAL1  [KEEVAFYKOLAQERELOLOLEQSRKELA DRGVVIDEGSCYFNPEETTRIVAH 1158
CHMEBVSOP EAYRDLERLTCDSV) KHIVOYLUDFMRTAAKT GRMFTIG] 822 CMBVALZ2 KEEVAFYKOLAQERELQLOLEQSRKELAGADSRRRKDKCVVIDEGSCYFUPEETTRIVAH 1165
CYMURT, b AVRDLERLTEDS Y] 11 TV O LIDMRTAAKTCRMF TG 786 CMBVSOP  [KEEVAFYKOLAQERELOTLOLEQSRKELAGADSRRRKDKGVVIDEGSCYFIPEETTRIVAH 1176
P— b AV RDLERLTCD SV - -] K TVOYLUDFMR L AAKT CRMETC| 807 CYMVERL KEEVAFYKOLAOERELOLOLEQSRKELR: DKGVVIDEGSCYFHPEETTR: 1144
CMBVPM KEEVAFYKOLAOERELOLOLEQSRKELAGADS RRRKDKGVY IDEGSCYFIPEETTRIVAH 1167
850 860 870 880 890 200
A I e I I P I P PP [P P P | |12|1“|12’|2“|12|3“||
CHMBVSON [PELSERLWLKIMDCDLCORMKKZYEERHD U IVCVCEPRILEAYRYLECECKDAIFRESLKL] 875 CMBVSON R T A ST ey TR e ey S A 1931
CYMVSOH  PELSERTWLKMPGDLGORMKKAYEERHP GHTVGVCPRITFAYVRYTECECKDARFRRSTKN| 875 CYMVSOH DT OVTRTRE VEIML £1MDVRMETE TP AFTVEA TLDT 1o
CYMVAL1 [PELSEKLWLKMPGDLGORMKKAVEERHE 1 I VCPRILFAVKYLECECKDARFRRSLKL| 860 CYMVALL DTQVTKTRE VWML YNMDVEME TP G TP AFTVKATLDT 1213
CMBVAL?  [PELSEKLWLKMPGDLGORMKKAYEEKHP CHIVGVCPRILFAYKYLECECKDARFRRSLK| 867 CMBYRLZ DTQVTKTREVRIML MO VE[TE TR ¢ TP AFTVRATLDT 1225
CMBVSOP  PELSEKTWLKMPGDLGORMKKAYEEKHP G TVGVCPRITFAYVRYTECECKDARFRRSTKN| 582 CMBYSOPR DTOVTKTRE VENML YIMDVRME TP G TP AFTVEATLDT 1236
CYMVRL PELSERLWLKMP GDLGORMKKAYEERHE 1 IVGVCPRILFAYKYLEGECKDARFRRSLKL| 846 CYMVRL DTOVTKTRE VRHMLYIMDVRME TP G TP AFTVKATLDT G ATTCCTDSRSVPKDALEENSH 1204
CHMEVEM PELSEKLWLKMP CDLCORMKKAYEEKHP CHIVCVCPRILFAYKYLEGECKDAAFRRSLKH| 867 CMBVEM DTQVTKTRE VKHML YIMDVRME TP G TP AFTVKATLDT G ATTCCIDSRSVPKDALEENSH| 1227
920 930 940 a50 960 1270 1280 1290 1300 1310 1320
CMBVSON Y IRg E1|<R~- v[';RTTT{—K g Hmluhm LHJ_,R][:(KCKC{—LC E]!: 935 CQMBVSON  [TVIESC LISKOUVKOK LKA KUE TB[EH (ERIP YO Y5 EEMOLCDG LOLILLCHE TRSMY- ] 1293
CYMVSOH YYi E: ERRYCVERTTTVKCKDHSITHAR TERTRHLRIKKCKCYLCCEE] 935 CYMVSOH  [VVIFS Inbxwvxg:@:ﬁ KMFTHEHYFRTPYCYSFEMOTGDGTOLTLGOCHF TRSMYGE 1293
CYMVATL YYGoRSCERRYGVRRTT TYKGKPHSIPHAR IEKTKHLRNKKCKCYLCGEE| 920 CYMVALL  [VUNFSGINSKOOVKOKUKACKME THEHYFRIP YCYSFEMOICDG IOLILCCHF IRSMY G| 1278
CMBVAL? ‘R SRR [IRRTT T YK KPHITTHARTEKTKHTRIKKCKCYLCCEE| 927 CMBVALZ  [VUNFSCINSKQOVKOKTKE]:KMF TEEHYFRIP YCYSFEMOTCDC TOLTLCCHE TRSMYCH 1285
CHMBVSOP YYGERSCEKRYGVRRTTT YKGKPHITHARIEKTKHLRIKKCKCYLCGEE| 942 CMBVSOR  TVIIESE ISKOOVKOK TKACKHE II'EH“TRIP‘J‘C‘S}FHE‘;‘J; § ;”EE: 8::‘;5;? E:i
- v HE'S SKOOVEQ AGKME THEH? 3 1O 0 N SHY
CoRL ¥YGCRSCERRYCYRRITT YKGKERITHAR IEKTKHLRIKKCKCYLCCEE| 905 e e i 5 S VR R W et
CMBVEM vveeRSFERRCRRTTT YRGKPHITHER TERTKHLRNEKCKCYLCCGEE| 927 — = -
1330 1340 1350 1360 1370 1380
970 980 990 1000 1010 Sl . N T I . .
[T IPEPS ISP IS NP IR TIPS PRI IR P TN PO CMBVSON T TTE VRO TTS THTRLARP TR P EERDE B DR, TOET: 1353
CMBVSON  REFARECPIDRRIVKRVAMEEGLDLEDDCEIVS IDEGDEDSDATES ISEGEETCATEEQC 985 CYMVSOH  [RLEGHTITFYKOTITS THTRLAAPLLKOEEEEKEEELILEENRL TOEMY A 1353
CYMVSOH HFARECPHDRRIVKRYV AMFEGLDLEDDCEIVS IDEGDEDSDAIFS ISEGEE 995 CYMVAL1  [VRLEGHTTTFYKQTTSTHTRLAGPLIKOEEEEKEEELULEEHRT, TOEMV A 1338
CYMVALL HF ARECPHDRRIVKRYV AMFEGLDLEDDCE IV S IDEGDPDSDALFS ISEGEE 980 CMBVAL?  [VRLEGUTITFYRQTTS THTRLARPT, 1345
CMBVAL2 HFARECPNDRRIVKRYV AMFEGTDLPDDCETVS IDEGDPDSDATFS TSEGEET G AFFEQC] 987 CMBVSOP  [VRLECHI[JIFYKQITS INTRLAAD LLKOEEEKEEELILEHRLIOELV A 1356
CMBVSOP HFARECPHDRRIVKRY AMFEGTDLPDDCETVS IDEGDPDSDATFS TSEGEET A 1002 CYMVRL VRLEGHTITFYROTT S THTRLARP TR E KEEELILEEHRL TOEMVAY STERPFVHF| 1323
CYMVRL HFE.RECPEPRRJIVKRVEMFE LDLPDDCEIVSIDE EPDSDHIFSISE EET A od] 966 CMBVEM VRLECHTITFYKQITS INTRLARPHIOPEEE-KEEELILEEHRL. IOEMV A 1347
CHBVPM HFARECPNDRRHVKRV AMFECLDLPDDCEIVS IDEGDPDSDALFS ISEGEET G 987
1390 1400 1410 1420 1430 1440
R I R I T P R I IR I IR I |
1°|3° . 1'::50 . 1"I7° . 1“|3" CMBVSON  [QOKFAGLIOELKAQGYICEEPMK YWAKIQVVCHLD LKIEDMV IEDRELKHVTE OMEESIR] 1413
T e e e e YMV S DOKERGLIOLRROCY: MK YWAKHQVVCHLDIKHP DMV TEDRPLKHVTP OMEE SR
CHBVSON | VEQEECHCL Y WLCKR (HEWEEL @IDDPf'HVRC:_m(fKRETT 1053 Eﬁ:ﬁg Jgigg ii&igg ﬁ EEiiﬁ‘ﬁﬁi:gvvmmnn(npDMVIEDRPLKHVTDQMEESFR i;;g
CYMUSOH  |VFOEECHCT YW CKR "’HEWEEH'_"Pﬁpf'HVRC,ﬂ?CKRETT 1053 CMBVALZ  [J0KFAGCLIQELKAQCYIGEEPMKYWAKHQVVCHLDIKNPDMVIEDRELKHVTIEOMELEFR 1405
CYMVALL  FVFQEECHGTYWLGKR RHEWEENQP INDPAHVRCYPCKRETT| 1038 CMBVSOP ) OKFAGLIOELKAQG Y TGEEPMK YWARNV VCHLD TKITP DMV TEDRPLKEVTEOMEESFR| 1416
CMBVAL?  [FVFOEECHGT YWLGKR: QHEWEENQP IDDPAHVRCYPCKRETT| 1045 CYMVRL DOKFRGLIOELKROGYT! EEPMKTWI-LKI-:Q;VCHLDIKllPDlWIEDR.PLKHVTPQMEESFR 1383
CHBVSOP FVEQEECHGT YWLGKR: SKE TYYCOHEWEEHOP TDDER[VRCYPCKRETT| 1080 CMBVEM ) OKFAGT TOELKAQGYTGEEPMK YWAKNOVVCHLD TKITE DMV TEDRPLKHVTE OMEESFR| 1407
CYMVRT, FVFOEECHGT YWLGKR SKE TYVCQHEWEENQP TDDP ANVRCYPCKRETT| 1024
CHBVEM [ VEQEECHGT YWLGKRGG YQDLVQIP IS KE LY YCOHEWEENQP IDDR AHVRCYPCKRETT| 1047 1470 1180 1190 1500
1090 1100 1110 1120 1130 1140 CMBVSON E TSIDDITCREVE KEmwFu'rKR.LuDLTl-IKgI 1473
P T T T T O T TP TP TP NP TP | CYMVSOH HVEALLKTGATRP SKSRHRTTATTVISGTS TDP TTGKEVKGKERMUFI YKRLIDLTHKD| 1473
CMBVSON  [DRARLHCKLCHITSCLMCGET YE KK ITVOP TP QAP FIOKGLLOQOOE Y IAWCITHE TARL 1113
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CYMVALL HVEALLKIGAIRPSKSRHRTTAITVISGT S IDP ITGKEVKGKERMVEN YRRLUDLTHED| 1458
CHMBVALZ HVEALLKIGATRE SKSRHRTTATIIVISCTS DR GKEVKGKERMVE N YRKRLUDLTHRD| 1465 ORF3
CMBVSOP HVEALLKIGAIRPSKSRHRTTAITVISGT S IDP ITGKEVKGKERMVEN YKRLUDLTHED| 1476
CYMVRL VEALLKICATRE SKSRHRTTATTIVISCT S IDE ITGKEVKCKERMVE N YRKRLUDLTHRD| 1443 CMBVAL?  [SLCTRTDCOATTSFFNKSHVIKP SRVRWTAFTDFLTGLG TPV TEHTDGKITHLADALSR| 1824
CMBVPM HVEALLKICAIRP SKSRERTTATITVHSCTS P cKEVRCKERMVE[IVKRLUDLTHRD| 1467 CMBVSOP  [SLCLRTDCOAITSFFNKSHVIKE SRVRWIAFTDFLTGLG TRV TENTIDGKIITHLADALSE 1834
CYMVRL SLCLRTDCORTISFFNKSIVITKE SRVRWIAFTDFLTGLG TPV IEHIDGKNTHLADALSR] 1601
1510 1520 1530 1540 1550 1560 CMBVEM SLCLRTDCORIISFFNKSHVIKE SRVRWIAFTDFLT GLG TPV IEHIDGKINHLADALSE 1827
T T T T T IR AT AT P TR AP |
CMBVSON TOTILORLKG STIFSKEDLKSGFHOVAMHPDS IEWT AFWVE SCLYEWLVMPEGT] 1533 1890
CYMVSOH IOTILORLKGSTIFSKFDLKSGFHQVAMHPDS IEWT AFWVE SCLYEWLVMPFGL] 1533 N
CYMVAL1 IQTILORLKGST IFSKFDLKS GFHOVAMHPDSVEWT AFWVP SCLYEWLVMPFGT] 1518 CMBVSON it
CMBVAL?2 IOTILORLKGST IFSKFDLKSGFHOVAMHPDS IEWT AFWVP SCLYEWLVMEFGI] 1525 CYMVSOH  [LVT-FVERAEPQCODKFQDDLGKLEARLOERKEAPQAMHE YV ST
CMBVSOP IQTILORLKGSTIFSKFDLKSGFHOVAMHPDS IEWT AFWVE SCLYEWLVMEEGI] 1536 CYMVALL  [[VTGEVFAEPQCODKFQDDTCRIEALLOERKEAR QAMARE VVSTIIRS ADRTTLSTCSMR) 1876
CYMVRL IQTILORLKGSTIFSKEDLKS CHjpvAMEPDSFEWT AFWVE SCLYEWLVMEEGT 1503 Eﬁg?{;g rg: gi;g"g?ﬂigf’ﬂgi gﬁﬁﬂ;iigﬁ”; Eﬁ:i;;%ﬁggﬁ;:l iggz
- - . . . ~ - | _ . . - fel '|kl Q)] Q. QAM YVS & -
CHBVEL LOTILORIRCSTIFSKFDIKS FROVAMHPDS IEWTAFWVR 5 LAEWLMPECT 1527 CYMVRL [LVTGFVFAEROCODKFODDLGKLEARLOERKEAR O EMEEE YV SLIJIRS ADRITLSLOSHR| 1661
CMBVEM  |[LVTGEVFAEPQCODKFODDLGKLEAALERKEAPQAMHEE VS LIRS ASDRITLSI5ME| 1887
1570 1580 1590 1600 1610 1620
S FUNES FEUT FETE TS ST PETEE PETT FETES TS NS RESEE 1950
CMBVSON  [KITAP AVE ORKMDHCFEGTEAFIAVY IDDILVESKTEDHEEALO IMLS ICORNGLILSPT| 1593
CYMVSOH K2R HF ORKMDHCFKGTEAFTAVYIDDILVESKTE] Qg:EB{Li,_»DﬂEICu_rKI-I LILSPT| 1593 CMEVSON Sl
CYMVAL1  [KNAPAVFQRKMDHCFKGTEAFIAVYIDDILVESKTEREHEEHLO TMLS ICOElGLILSPT| 1575 CYMVSOH T i
CHMBVAL?  KUAPAVEQRKMDHCFKCTEAFIAVYIDDILVESKTEREHEEHLO TMLS ICORNGLILSET| 1585 CYMVALL QF ALICEOKSCQSKCDL
CMBVSOP  [KNAPAVFORKMDHCFKCTERFIAVYIDDILVESKEEREHEEHLOMLS ICORNCLILSPT| 1594 CMBVAL?Z xscaﬁ KEPM](ALICE‘;'KSC%IE DLESRTVHSRSASHOO
CYMVRL KIILE AVF QRKMDHCFKGTE AR TAVY IDDILVESKTEREHEEHLQ TMLS TCORIGLILSET| 1563 CMBYSOP s RITl s CRE GKEPMKAL TCEOKS CORGDLANIKT VHSRS RS 100
CMBVEM 11D AVFORKMDHCFKGTE AF TAVYIDDILVE SKTEREHEEHLO TMLS TCORNGLILSPT| 1587 CYMVEL fSCR.P KER[KALICEORSCQ SKCDLOSKIHS RS 5100
CMBVEM 55 |:KEPHK ALICEOKS (s KCD LGS MRTVHE RS 251100
1630 1640 1650 1660 1670 16380
T S I I I I AT P IR | e | 1990 2010
CMBVSON  [QMKIAQAEIEFLGAITHRGCLIKLOPHIVOKLLTETHROLEEVEGLESWLGL- LY ARS Y| 1651 I el
CYMVSOH [MKIROREIEFLGAITHRKGLIKLOPHIVOKLLTEFTNKQLEEVKGLRSWLGI -JLivarsy] 1651 CMBVSON ~ ———————-——————--— - - """ - —— -~~~ —— 1774
CYMVAL1l  [MKIAQAEIEFLGAITH| LIKLOPHIVOKLLTETHKOLEEVKGLRSWLGL -JLUYARSY| 1636 CAMVSOH T’fE‘}"Ht:I_ETmm I :"C:‘”mﬁffj 1983
CMBVAL?  [MKIAQAEIEFLCAITHRCLIKLOPHIVOKLLTFTHKQLEEVKGLRSWLGLITIjIVARSY| 1644 CYMVALL [P SERKROPTTIME T HpvKESsH 1968
CMBVSOP  RMRIAQEEIEFL BIIiﬂ LIKLOPHIVOKLLTFTHKQLEEVK i 1654 Eﬁ:gﬁg ;:Emﬂkcﬁ:ﬁﬁﬁ 1 B bl = 12;2
CYMVRL KB TAQAE IEFLGATTHHLIKLOPHIVOKLLTFTHROLEE VK 1 1621 iy Py s 1953
CMBVPM KUETA0RE IEFP]: AT THRG LIKLOPHIVOKLLTFTHKOLEE VK 1 1647 oy B P — B i -
1690 1700 1710 1720 1730 1740
T T N T I I IR I I T |
CMBVSON  [IPEMGRLLSPLYAKYSPTCERRMIRODWAL IDEIRAQVONLE ALELPPADCF ITIETDGC 1711
CYMVSOH  [IPHMGRLLSPLYAKVSPTGERRMIRODWAL IDKIREQVONLEALELPPADCFITIETDGC 1711
CYMVAL1  [TPHMGRILSPLYAKYSPTGERRMIRQDWAT IDE TRAQVONTLP ALELPPADCF ITTETDGO 1696
CMBVAL?  [IPHMGRLLSPLYAKVSPTGERRMIRODWAL IDKIRAQVONLE ALELEPADCFITIETDGC 1704
CMBVSOP  [TPHMGRLLSPLYAKYSPTGERRMIRQDWAT IDE TRAQVONTLP ALELEP ADCF TTTETDGC 1714
CYMVRL 1P FMCRLLSPLYAKVS PTCERRMRODWAL IDRIRAQVONLE ALELPPADCFITIETDG 1661
CHMBVPM TP MMGRLLSPT VARV S PTGERRMIRODWAL TDE TRAQVONLE ALELPPADCF TTTETDGH 1707
1750 1760 1770 1780 1790 1800
[ I P I T TP TP IPEPTP I PRI IPEPIP I |
CMBVSON  MDGWGGVCKWELAQYDPRS SERVCAY AL GKFNPPKST IDAE THAVMITS LHNFR LY YLOPL 1771
CYMVSOH — MDGWEETC OYDPRS SERVCAYAS GKFNPPKST IDAE THAVMISLUNFKIYYLDES| 1771
CYMVALL — MDOCWEETC OYDPRS SERVCAYAS GKFHPPKST IDAE THAVMHSLUNFKIVYLDES| 1756
CMBVAL?  MDCW ERVCAYASCKENPPRSTIDAE IREVMISLINTFK IV YLDKS| 1764
CMBVSOP  MDGWGGVCKWELAQYDPRS SERVCAYASGKFHPPKST IDAE THAVMISLUNFKIVYLDES| 1774
CYMVEL MDY GG CVCKHKRO YDPRS SERVCAYAS GKFNPPKST IDAE THAVMISLUEFKIvvIDKE 1741
CHMBVPH DG KFHPPKST IDE THAVMISTHITFKTYYLDES| 1767
1830 1840 1850 1860
F T e T [ A T T PR I R IR I |
cupvson  lv------—— - 1774
CYMVSOH [LCLRIDCOAIISFFUESHVIKE SRVEWIAFTDELIGLGIPVIIERIDGKNNHLADALSE] 1831
CYMVAL1 [LCLRTDCQAITSFFHKSHVHKE SRVRWIAFTDFLTGLGIEVHIEHID KlIl-IHLI-xDI—ILS§| 1816




Multiple alignment of all the six ORFs (Amino acids sequence) of
the genome of CMBVSON with other CMBYV isolates.
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20 30 40
CMBVSON e re e iaa RS vITof
CMBVSOH ofroplt i MRk P TMRMRS RS VT TR
CMEVPM TOHLLE T TR E Y E TMKMEPRS VI IR A 3|° | 4|° | 5|° A 5|°
CMBVALL LG LR T POMRECYE LMIMIG RSV LLE) CMBVSON KTV LGSR AME T LVREVETRIS CR-— 58
CMBVSOP T fpadr CeT o I LS TLTRR T CHBVSOH LK1 VLC SRR AMER ICLVKEVDTRISCE-— 50
CMBALZ TR LT faRE P o REVITEER CMBVALL K1 3 4 LVREVDTRISCR-- 50
CMBVRL Py CVRK TR IRLVHLR V) TLTF1E|v] CMEVAL?2 K1 ¥ LVREVDTRISCR-- 50
CMEVEM K1 y LVREVDTRISCRFQ 52
CMBVSOP DLV LCSRKH AME LVKEV%I:ISCK—— 58
CMBVRL LR vicsRRIAMERICLVKEVDIIRISCR-— 50
CMBVSON I
CMBVSOH I 70 80
CMBVEM LI VGMITMITILHP VHPT IFVLTKPLPLLELLTRMMT 120 SIS IS (PP P IS I
CMBVAL1 FLLVCMILMITILHE VHPT IFVLTKPLPLLE LLTRMMT 120 CHBVSON  |STRRSTIVSHICRRIIPTMIOHMEDVIL?
CMEVSOP Elr o ok . CMBVSOH | L.TI@L. {GRRINE LMTOH F
CMBAL?2 [P veMITMT TLLHP VHPT IEVLIKPLPLLP LLTRMMI] 120 Eﬁgﬁ; Eg:::; ﬁiﬂSEﬁj iﬁgziﬁ
CMBVRL B [[FHLEVETRE) S 25 l‘Hrsl-IHfH»l-IHLf)M{REPEF 1z1 CHMBVEM ST IVSTHGRRINELMIQRMEDVT LEK]
cMBVSOP  [FLRRSTIVSHy RRII-IPIMIQHHF‘DVTL:'::E
170 180 CHMEVEL STRRST IVSTHCRRINPIMIQHME VT LE

[ TP B |
CMBVSON I*-»llILLlIl RI‘)P llLPT H‘;TFIR 164
CMBVSOH  ISHTLLIY RISP] HLPT HSTFHQTT oo 179

CHMBVEM t :_EELLSHHL‘)LLLHRILPILFRKVV bLPTLTPHFhHHLT1"llulII]-]]:I'uTLWuL v}‘ipni 180

CMBVAL1 LLSHHLSLLLHRILE ILFREKVVGSLETLTPHE SHHLT YHOMTHMVLWOLGVHMY 180
CHMBVSOP

CMBATL 2 130
CHMBVEL 148

20 30 40 50 60

CMBVSON SRR TP QISCPHYPLALLYEGLVSQQULIMY &0
CMBVSOH  MSROVE S CPHYPLALLYEGLVSQOULIMY 60
CMBVAL1  MSROVE S GEERGSASHARRICLEVDOIS GPHYPLALLYEGLVSQONLIMY| 60
CMBVAL?  MSROUVP  GEERGSASHARRICLPVDOTSGPHYPLALLYEGLVSQOULIMY| 60
CMBVEM MSROVE S ASHARRICLEVDOISGEPHYPLALLYEGLVSQONLIMY 60
CMBVSOR  MSROfp IARRICLPVDQIS GPHYPLALLYEGLVSQONLIMG 60
CMBVRL MSROVP SHARRICLPVDOISGPHYPLALLYEGLVSQONLIMY 60

70 80 90 100 110 120

P I TP TP (PP I TP P T P P P |
CMBVSON ORTHEGLILRTEVHE 10 YEDCALOECTIQS EROLVALHOHRIJJ TRCKATRDIE 120
CMBVSOH ORTHE LuLRTEvupI«;»ﬁgﬁmncumcr EROLVALHOHKLE TREKATRDNE 120
CMBVAL1 ORTHEGLNLRTEVMP TQRRLGCE VEDCALOECTQS AROLVALHOHKRIS[ TRCKATRDNE| 120
CMBVAL?Z ORTHEGLILRTEVME TORRLGE YEDCALOECTOS AROLVALHOHR L[ IRCKATRDNE| 120
CMBVEM ORTHEGLNLRTEVME IORRLGE YEDCALOECTQS AROLV ALHOHKLY[r IRGKATRDNE| 120
CMBVSOP ORTHEGLNLRTEVMP TQRRLGE VEDCALOECTQS ARQLVALHOHK] 'fIEEtBTRE-TB 120
CMBVRL ORTHEGLILRTEVME TORRIRE VED[ELOECTOS AROLVALHOHKLE TRSKATRDNE| 120

130 140 150
CMBVSON s EPTCHRDHEQLCEVVELLEGISERISH|
CMBVSOH Y PTCHRDHEQLCEVVELLEGTISERTS|H|
CMBVALL Y ADKLETCHRDHEQLCEVVELLEISERTSH|
CMBVALZ2 Y ADKLETCHRDHEQLCEVVELLECISERTIS|H|
CMBVEPM YADEKLETCHRDHEQLCEVVELLEGISERT S|
CMBVSOP fADKLETCHRDHEQLCEVVELLE=ISERIS|
CMBVEL YADKLETCHRDHEQLCEVVELLEGISERTIS




Different ORFs, their location and number of amino
acids coded by each ORFs in CMBVSON genome

Name Starting Stop Length No. of Amino Molecular
of ORF nucleotide nucleotide (bp) Acids weight (kDa)




Comparison of full length genome nucleotide sequence of CMBVSON

with other badnaviruses

CRIEY CMEY CMEYS CRIEY ChEY ChEY CRIEY EZ Coan,
Isclabes S0H S0H ap ALL ALZ EL juts EBSY TRWY Bl EBEGDY EBAGFY ‘Bf% EBSOLY CEv ETSW DrhfW VR DaEW SCEY TLBW
CMEVSOH 100
CMEYSOH M0 100
CMEYSIP Wl 8.1 100
CREVALL 9.7 930 281 100
CMEWALZ Fook ) 2] 002 az0 100
CMEVEL 0wl @0 200 alg a2 Ui}
CMEYEM N5 874 o0z ars 938 =] 100
ESY .7 .5 6.2 69 365 . EL3Y 100
BTV .2 w4 63 64 6.1 w3 EL ] 2.2 jun]
B S0l T EY 6T 360 L] £ EL ] 100 533 100
BSGDY k- 4 363 364 362 W3 EL ) B2 aeT 532 Ui}
BaGFYT ] o EL A ITn ELE £ EL ] 2.6 475 426 474 100
EShE 3 E) 383 352 30 ] E .o 454 s00 54 458 100
ESOLY nr ErR 3T ey 376 AR 3T 5.0 931 550 950 430 0.7 100
casyv ot d 486 439 401 438 L 440 ETR) 365 T4 R 350 31 383 100
KTV M0 30 36T 368 LT £ ELE) B4 532 EEE) 32 478 478 353 313 100
DrhIv 4i.r 42.1 417 423 414 42.5 417 =BT 30 87 ] 0.0 »E E3 389 283 100
CoenW LS 3 nwE EXS] ] wzr ] w7 41.6 415 415 41.5 40.7 4l.0 422 L 407 63 100
DBV 4.2 LR 479 432 483 8.2 422 .3 356 363 353 36.7 ] 62 454 EL3] LK LT 1m
SCEY 1 R 353 352 351 352 350 45.2 48 452 LER] alo 5.8 452 363 472 370 402 4.7 100
T« HO E=N ) 3l ) 70 | ETY 3 366 7= 6.6 IB3 ;I E ) a0l 3] 410 40 361 67 100

= 96% similarity with CMBVSOH
= 48.4 % similarity with CSSV
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Phylogenetic tree of full length genomes CMBVSON other badnaviruses



Percent identity of nucleotide sequence and ORFs encoded by them in

different of CMBYV isolates and their comparison with other badnaviruses

Viruses Nwleotide ORFI ORFII ORFIII ORFIV ORFV ORFVI

Sequence

Identity Size Identity Size Identity Size Identity Sze Identity Size Identity Size Identity
CMBV %o (a) | % (an) % {aa) % {aa) % (an) | % (an) %%
Isolates
CLBWI0OH 874 -980 143 051 -0848 [ 137 8070032 1933 87.1-959 178 346-871 | 95 T11-905 | 154 806-96.1
CIBWVIEOMN 87.5-98.0 143 0510848 [ 137 80.1-00730 1744 837871 164 284-871 | 103 605051 | 153 87.2-96.1
CLEWVEOF B8.1-902 143 072-993 [ 137 80.0-037 1947 837-038 85 28.4-38.06 [ 103 T14-951 [ 154 87.8-054
CLB WAL B7E-093.0 143 051 -093 [ 137 89.0-01.0 1943 84.9- 959 181 38.0-100 | 95 T15-9:9 | 154 84— 100
CLBWVALZ 87.6-939 143 0510848 [ 137 00.5-978 1974 2.4-984 181 38.6-100 | 95 15-99 | 134 84 -100
CLBWVERL BE6-916 143 058003 [ 138 80.1-034 1954 834-043 148 00558 | 95 600 -205 | 154 87.2-8046
CIEB VP 874 -939 143 044084 [ 137 807078 1979 84.2-038 181 3T5-083 | 97 605260 | 134 878087
Other badnaviruses
CSSV 484 -491 143 538550 | 145 15.2-194 1816 493-50.3 113 03.0-0732 131 f.5-9.1 - -
BIV 365 -380 174 195204 | 132 197-3217 1900 307 -33.0 - - - -
BIAuV 365 -389 174 195204 | 132 197-217 1900 3007 -33.0 - - -
BTV 361 -384 174 220-225 [ 134 19.4-30.8 1709 33.8-34.5 - - -
BIGDV 36.2-384 177 220-2325 [ 134 19.4-308 1709 33.8-34.5 - - -
BSGFV jg4 =370 177 193198 | 134 174 - 181 1832 32.6-34.7 - - -
B SNy J8i-386 174 195204 | 132 197-21.7 1900 307 -33.0 - - -
BSOLY 3T6-379 175 220-225 [ 112 19.3-208 1832 31.8-3.0 - - - -
B aCVBY 336-343 133 1631689 | 147 16.0-17.3 2253 45.1-304 198 04.0-07.0
Com YV 3732377 200 173178 | 135 120148 1354 334-338 - - - -
DaBV 479 - 484 143 344 -358 [ 125 31.8-34.7 1295 44278 58 03.0-0.03 | - - - -
DrMV 416 -426 149 3M6-353 [ 131 53-2%62 1916 33.6-30.5 103 0a.0-12..1 | 91 04-13.8 139 21.2-337
KETsV 3g4-370 173 147153 | 124 205-224 1941 3no0-33s - - - - - -
=CBV 3409-353 185 164170 | 123 AL1-2446 1912 268180 - - -
TaBV 370-3381 144 330 -346 | 144 21.9-2390 1331 3007337 - - -




Conclusions

1. A badnavirus designated as CMBVSON was confirmed in

sathgudi sweet orange showing mosaic symptoms by electron
microscopy and PCR.
The complete genome of CMBVSON consisted of 7558 nucleotide
containing for 6 open reading frames (ORFs). High variability
(87.4% to 96%) observed in ORF 4 and 5 infecting sathgudi sweet
orange, rangpur lime acid lime and pummelo.

4. The molecular weight of full genome of CMBV sathgudi sweet
orange isolate is 247.60 kDa with G+C Content 43.52% and A+T
content 56.48%. The (A+T) and (G+C)ratio was 1.29.

5. The genome consists, Movement protein ,Aspartic Protease

Reverse transcriptase and RNase H in ORF3.

6. Sequence information will also be useful in designing primers for
detection of different isolates of CMBV in PCR and production
disease free planting materials of citrus.







Base composition of CMBVSON and its
comparison with other CMBYV isolates of citrus

Base Composition A+T (%) G+C Molecular Total
CMBYV (%) Weight Nucleotides
Isolates A T G C in KDa (bp)

CMBVSON 4586.7 7558
CMBVSOH 4586.9 7559

CMBVSOP 4549.0 7497

CMBVALI1 4549.0 7498
CMBVRL 4562.1 7522
CMBVAL2 4539.0 7473

CMBVPM 4541.0 7487




Comparison of ORFs of CMBVSON with CMBVSOH

CMBVSON
7558 bp




