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Genome organization and characterization of ToOLCNDV-
Manipur isolate (MG649330)
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A. Visual Symptoms of TOLCNDYV on tomato at Manipur.

B. PCR amplification product of ToLCV- Manipur isolate infecting tomato using degenerated primer pair fragmented size of 840 bp
amplicon. Lane 1 and 6: 1kb DNA ladder and Lane 2-5: amplicon of respective genome from 4 infected samples.

C. Amplified RCA products (Lane 2,3) and 1,4 : 1-kb DNA ladder marker.
D. Restriction fragment length polymorphism (RFLP) analysis of tomato leaf curl New Delhi virus (TOLCNDV)-infected samples from

Manipur, performed by digestion of rolling circle amplification (RCA) products with the restriction enzymes Eco RI, pstl; MS1I,
BamHI, Xbal, Sall, revealed on a 1.5% agarose gel, M: 1-kb DNA ladder marker.
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Circular genome organization of TOLCNDV- Manipur isolate infecting tomato constructed
by UniPro UGENE version 1.12.2. B: Schematic representation of TOLCNDV-Manipur
isolate with genomic position of ORFs of DNA A.
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Conserved stem loop containing a common region (CR) show in red colour within
intergenic region of TOLCNDV- Manipur isolate infecting tomato.



ToLCNDV-[BD: Jam] KM3B3T42
ToLCNDV-[BD: Jes] KM3B3T41
ToLCHDV-[BD:Joyl KM383733
ToLCHDV-[IN:Pun] KF551580
ToLCHDV-[IN:Var] KF537780
ToLCHDV-[PK:Chel LN50253¢
ToLCNDV- [PK:Dor] AF448058
ToLCHDV-[IN:Chal KP17872%
ToLCNDV-[PK:Fai] FN435310
ToLCHDV-[PK:Lah] AM2SE8T7
ToLCHDV-[IN:Jun] KF515617
ToLCNDV-[BD:Chi] KM3B3744
ToLCNDV- [PK:Rak] LNEGT308
ToLCNDV-[PK:Isl] AF448059
ToLCNDV- [PK:Mul] DQ11eB%3
ToLCHDV-[BD:Thal KM38373¢
ToLCNDV-[IR:Zab] KP&41€73
ToLCHDV-[PK:Loh) AME43548
ToLCHDV-[Tha] _ AB33N078
ToLCNDV-[IN:Man] MGe43330
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ACRAC-TIGICETTTCGATCOGEIGICTCTCARCTTTCICTATCTARTTIEETEICTGEACTICCCR ATATGECE
RARAC-TTGICETTTCGATCOGETGICTCTCARCTTTCICTATCTARTTIEETETCTGEACTCCCR ATRTEGCR
AARAC-TICICCTTTCCATCCGETCICTCTCARCTTTCICTATCTARTTECTEICTGEACICCCR ATATGGCR
AGAACATTGICGCTTCGATCOGETIGICTCTCARCTTT-TCTATGTAATTGETETICTGGAGICCCA ATATGGCR
AARAC-TTCICCTTICCATCCGETICICTCTCARCTTTCICTATCTARTTCETEICTGEACTICCCH ATRIGGCR
AARAC-ATCTCCTTICCATCOGETCICTCTCARCTCTCICTATCTARTTCETEICTGEACTICCCH ATRIGGCR
AARAC-TTCICCTTTTCATICCEACICTCTCARCTTECTCTATCTARTTEETEICTGECEICCTR BARTEGCE
AAAAC-TIGICCTTTCGATTICGECGICTCTCARCTTA-TCTATGTAATTGETETICTGGAGICCCA ARATGGCR
RARAC-TTGICETTITGATICGECCICCCTCARCTTA-TCTATATCATTCETETCTGCACICCTA ATATGECE
AARAC-TICICCTTITCATICGECCICCCTCARCTTA-TCTRTCTCATTCETETATGCACICCTA ATATGGCR
AARAC-TICICCTTTTGATICGECCICCCTCARCTTA-TCTATCTARTTCETETICTCCACICCTA ARRTGGCR
AARAC-TTCTCCTTTTGATICGERCTCTCTCACCTTICTICTATCTARTTEETETICTGEACICCTA ARATGGCE
AARAC-TICICCTTICCARTCCECCICCCTCARCTTA-TCTRTCTARTTCETETICTCCACICCTA ARATGGCR
RARAC-TTGICETTTTCATICGECCICCCTCARCTTA-TCTATCTARTTCETETCTGEACICCTA LTATGECE
AARAC-TTCTCETTTTCATICCECCICCCTCARCTTA-TCTATCTARTTCETETCTCCACTICCTA ATATGECE
AAAAC-CTGICCTTTTGATICGECCICCCTCARCTTCCICTATCTARTTEGECETICTGGCCICCCA BRATGECA
RACAC-TIGICETTITGATTCGECCICCCTCACCTTCCTCTATCTARTTAGTETICTGEACTICCTA ATATGECE
AARAC-TTCICCTTITCATICGECCICCCTCARCTTCCTCTATCTARTTCECETCTGECETICOCH ARATGGCR
AARAC-TTCICCTTITCATICGECCICCCTCARCTTCCTCTATCTARTTCECETCTGECETICOCH ARATGGCR
AARAC-TTCICETTTCGATCOGETICICTCTCARCTTTCICTATCTARTTEETEICTGEARTICCCH ATRTEGCA
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ToLCHDV- [PK
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GAATTGTARTTTTGAAAAGRARATTACTITARTTCARARTCCATA
GAATTGTARTTTTGARARGAARATTACTITARTTICARATICCCTIA
GAATTGTARTTITGARARGARAATTACTITARTTCARATICCCTA
GAATTGTARTTITGARARGARALRTTACTITARTICARRATCCCTIA
GAATTGTARTTTTGARARGAARATTACTTITAATTCARARTCCLTIA
GAATTGTARTTTTGARAAGAARATTACTITARTICARATICCCTIA
GAATTETARTTTTGARAAGAARATTACTITARTICARAGTCACTA
GAATTETARTTITGARARGARAATTACTITARTICARRACCCACET
TTATTGTATATTTGARARGAARATTACTITARTTCARATTICCCTIA
TTATTGTARTTTTGARAAGAARATTACTITARTICARATICCCTIA
TTATTGTARTTITGARARGARRATTACTITARTTICARATICCCTIA
GAATTETARTTITGARARGARAATTACTITARTICARRACCCTICAT
TRATTGTARTTTTGARARGAARATTACTITARTTICARATICCTAR
TTATTGTARTTTTGARAAGAARATTACTITARTICARATICCCTIA
TAATTGTARTTITGARARGARAATTACTITARTTICARATICCCTIA
GAATTGTARTTTTGAAAAGAARATTACTITARTTCARRACCCTICAT
GAATTGTARTTTTGARARGRARATTACTITARTTCARATTICCCTIA
AR ATTGTAATTITCARRRGARAACTACTITAATICARRATCCTCAT
GAATTETARTTITGGAARGARAATTACTITARTICARRACCCTICAT
GATTTGTARTTITGGAARGARAATTACTITARTICAARLTCCATA

Alignment of intergenic region of DNA-A (ToLCNDV- MG649330) component of the
ToLCNDV Manipur isolate characterized in this study and obtained from the EMBL
database. Gap (-) were introduced into the sequence to optimize the alignment. The position
of the stem loop structure (the two legs of which are highlighted in brick red), that contain
the nanonucleotide sequence (TAATATTAC) highlighted in olive green, the TATA box of
the Rep promoter highlighted in olivegreen and the predicted iterons (F1 and F2 for the
virion-sense highlighted in yellow; R1 for complementary sense highlighted in light blue) are
indicated



Confirmation Table

Methods # segs detectad in A, P-val
ROFP 1 §.324 ¥ 1070
GEMECONY 1 5852 ¥ 10709
BootScan = =
MaxChi 1 4 985 ¥ 10708
Chimaera 1 4 518 ¥ 10707
SiScan 1 1.188 ¥ 10712
352 1 2,033 X 10712
LARD - -
Phylpro - -

RECOMBIMNATICON EWYEMT HMUMBER 10

Beginningg breslgpmint: 2519 in ahgnomssnt {2508 witheoanrt grsps=j

Beginnineg breslgpsmint S5%% O 2570 - 21 in ahgnamssnt {25080 - 23 witheoort gagpesj
Endiing breaslkgpoint: 20 in Sligimeant {12 whitheout gaps

Endiing brealgpoint S5%% O 2570 - 31 in ahgnamessnt {25080 - 23 witheoart gragpes
Recaoamibanant: MGEE43330 TLCSMDYW Managear_ lndEs

Major Farent: Lindoeossns {ME 24000668 TN DWW Palcist=oag

Minor Farent: MHETTDT1Z. 1 Tomatbo keaf cwrl New Delhi wines ckoms (52 3% sinmuil=riitg)
Beginming breaslgpmint probability-: 1. 702289

Endiing brealgpoint probahbility-: 1185 12656

Fegion probashbility (ME necormectesd)y: OG5 EES AN

Fegion probashbility (MO cormmected): 1. T ZEESERSNTET
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Integrated view of a recombination result of TOLCNDV Manipur isolates with similarity
plot that showed a clear recombination event, detected by pairwise alignment of sliding
windows and manually verified by similarity



5’ terminus region of CP

ATE24785
AJEZ24778
AJE24764
AHAB2195
AHAG1375
CUUG4516
ABU95062
ART.60213
CAF04468
AJWB0S08
AVHT9732
AJEZ24758
CBA13466
AGV02040
AJE24799
CUR44437
ARL60217
ABB52041
AJTE24744
AKL72073
CAD98743
BAF69030
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Multiple amino acid alignment of coat protein (AV1)gene of ToOLCNDV- Manipur isolate
infecting tomato among the ToLCNDYV infecting tomato, potato, okra or chilli respectively.
Within the alignment ‘*’ indicate same residues, ‘:’ indicate similar residues and °.’
Indicate dissimilar residues among the sequences
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ARLG60213
CAF04468
AJWEBO908
AVHT9T32
AJEZ24758
CBA13466
acwviz2040
AJTEZ247959
CURA44437
ARI.60217
ABB52041
AJTEZ24744
AFLT72073
CAOI8TA3
BAF69030 e e aaa
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CROSE7T42 GCEGPCEVOSFEIRHDVIH
ARLT72073 GCEGPCEVOESEFESREDVIEH
AREV02040 GCEGPCEVOESEFESREDVIEH
AJWEOS0A8 GCEGPCENVOSLEIRHDVIEH
ARBES2041 GCEGPSEVQSFEZSRHDVIH
CAF04468 GCEGPCEVOSEFE3RHDUYH
COUE451 € GCEGPCENVOSFE3IRHDVIEH
BAFES030 GCEGPCEVOSEFE3RHDVIH
AALEDZLT GCEGPCEVOSEFESRHDVIEH {E7-85 aa)
CUR24437 GCEGPCEVOSEFESRHDVIEH
CBAL34GE GCEGPCEVQSFESRHDVIH
AHERELITS GCEGPCEVOESEFESREDVIEH
AHERBZ1ES GCEGPCEVOESEFESREDVIEH
AJEZ4TES GCEGPCEVOSFEIRHDVIH
AVHTOT32 GCEGPCEVOSFEIRHDVIH
AJEZ4758 GCEGPCENVOSFE3IRHDVIEH
AJEZ478S GCEGPCENVOSEFE3IRHDVIEH
AJEZ4T44 GCEGPCEVOSEFE3RHDVIH
ARAT.EDZ13 GCEGPCEVOSEFE3RHDVIH
ARRTUSS0G62 GCEGPCEVOSEFE3IRHDVIEH
AJEZ4TES GCEGPCEVOSEFESRHDVIEH
AJEZ47TH GCEGPCEVOSEFESRHDVIEH
ERA RS _ WA EE oA EESE &

Conserved Linc finger motif within coat protein gene (AVL) of ToLCNDV-
Manipur isolate infecting romato and other isolates. Within the alisnment
*** indicate the same residues and °:" indicate similar residues among the
SeqUences



5'- terminus region of MP
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CRO98742 R B cel e i e it c e e e s
BAFGI029 .

ATE24TE4
ATE24TT7
ATE24763
AHABZ194
AHAG13T74
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ABUSS061
AARTLGOZ12
CAPO4467
ATWEO0S07T
AJTE24T757
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CBA13465
AGV02039
ATE24708
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AARLGOZ16
ABB52046
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ARLT2072
CRD98T42
BAFPG3029

Multiple amino acid alisnment of movement protein (AV2)gene of ToLCNDV- Manipur isolate infecting tomato among the
ToLCNDV infecting tomato, potato, okra or chilli respectively. Within the alignment “** indicate same residues, *:" indicate
similar residues and *." Indicate dissimilar residues among the sequences



S'- terminus region of Rep protein

ATEZ4TES -
ATEZ24TEZ -
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250 20 270 280 250 300 310 320
AJE24785 - - .I - - - - - FE e -
AJE24782 - .I - - - - - - - -
AJE2 4768 - .I - - - I - - - -
AHRB21 96 A - - - I - - - -
AHRELITE A - v - I - - . - -
COU&E4520 - .I - - - I - - L - -
ABTSS06E - .I - - I - - - -
ARLEQO2LD - .I - - I - - - -
CAFD4471 - I - H - -
ATWB0S LD - -
AVHTAT3IE ED YEEY
AJEZ4761 - I - - N - - -
CBA1347TD - I - - Y - B
AGVO2043 ES I - - - - - -
AJEZ4803 - I - - - - - B
COR4444] E I - - - - - B
ARLGO214 - I - - - - - B
ABBS2040 E . - - - - - B
AJEZ4T4E - I - - - - - B
ANLT2077 E LI - - - - - S
CrRMGAT4LR TT
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3"- terminus region of Rep protein
330 340 &0 360
S ) R O P
AJB24TER e Povrveannne
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RJB24TEL . T
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RET02043 . A
AJB24B03 0 L.l .
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RELT20TT e T
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Multiple amino acid alignment of replication associated protein (AC1)gene of ToLCNDV- Manipur isolate infecting tomato,
which overlapped on AC4 and AC2 ORES among the ToLCNDYV infecting tomato, poatato, okra or chilli respectively. Within
the alignment “** indicate same residues, ;" indicate similar residues and .’ Indicate dissimilar residues among the sequences



Monf] Aoaf IT Aotf ITI Ploop WalkerB

(15-21aa) (57-61 aa) (103-106 aa) (2211-128 aa) (260-263 aa)

ToL CHDV-[PE Rak] ELTYERC WK GDSRTGET T0DV
ToLCNDV-[PE Ml FLTYEEC LK GD3RTGET VoDV
ToLCNDV-[PE 1] FLTYERC K GD3RTGET 10DV
TeL CHDV-{T¥-Cln] FLTYDRS K GD3RTGET 10DV
j FLTYDRT oK CD3RTEET 10DV
Eig?g::ﬂ;]ﬁuﬂ FLTYEEC LK GD3RTGET 10DV
) FLTYERC BE GD3RTGET 10DV
EII:EI;E:'E?::E] FLTYDRC K CD3RTEKT 10DV
FLTYDRS K GD3RTGET 10DV

ToLCNDV-[PE-Che] FLTYERS oK EDSRTGRT 10DV
ToLCNDV{IN:Var] FLTYERC K GD3RTGET VoDV
TeLCRDV-{IN-Man] FLTYERC K GD3RTGET 10DV
ToLCRDV-{BDJam] FLTYEEC K GDSRTGET 10DV
ToLCNDV-[BDJes] FLTYEEC i GDSRTGET 10DV
TaLCNDV-[BD-Joy] FLTYEEC OK GD3RTEET 10DV
ToLCNDV-[IR-Z3b] FLTYEEC LK GD3RTGET 10DV
ToLCKDV-[PEDar] FLTYPES it CD3RTGKT 10DV
ToLCKDV-[PE] FLTYDRC K CD3RTEKT 10DV
ToLCKDV-[3D:oy] FLTYPEC o COSRTGET IO07
ToLCHDV-{BD-Chi] FLTYERS oK EDSRTGRT 10DV
ToLCHDV-{PE-Lah] FLTYERC K GD3RTGET 10DV
ToLCHDV-[BD:Tha] FLTYDRC T K CD3RTEKT 10DV
ToLCNDV-[THA]

Functional Putative motifs in AC1 protein of ToLCNDV-Manipur isolate and other ToLCNDV isolates. Red boxs shows
identities and conserve in all the isolates and value within the motifs compared with ToLCJV-Kalyani isolate and ToLCJV
isolates. Within the alignment * * ' indicate same residues, ;" indicate similar residues and "." indicate dissimilar residues
among the sequences



5'- terminus region of TrAP protein

————

10 20 30 40 50 g0 70 ED
BIB247TEE . *
RJB247E1 T
BIB24TET e e e e e e e e e e e e e e e
BERB219T .. L.
AEAG13ITT
CUU&4519
ABUIS065 e e e e e e
ARMTE3I4T 0000 ..
CAFO4£470
AJTWE0S11
AIJB247T60
AVHTS735
CBA13469
AGT02042
RJB24802
CUR44440
AANTE3I51
RABEBS2043
AIB24747
ARL72076
CRO98745
BAWAQAMNTS

AJH24788
AJH24781
AJB24767
AHAB2197
AHA61377
CUU64519
ABU95065
AAN76347
CAF04470
AJW80911
AJH24760
AVH79735
CBA13469
AGV02042
AJHE24802
CUR44440
AAN76351
ABB52043
AJTE24747
AKL72076
CAD98745
BAF69032

[ultiple amino acid alignment of transcriptional activator protein (AC2)gene of ToLCNDV- Manipur isolate infecting tomato,
thich overlapped on AC3 and AC1 ORFES among the TOLCNDV infecting tomato, potato, okra or chilli respectively. Within
_1e alignment =" indicate same residues, *:" indicate similar residues and *." Indicate dissimilar residues among the sequences



5'- terminus region of REn protein

AJEZ4TET
AJE247E80
AJR24T66
AHAB2198
AHAE1378
CUU&4518
ABUSS064
ARNT G346
CAFPO4469
ATWEO0512
AJE24759
HME649330
CHA13468
AGVD2041
AJEZ4B01
CUR24439
ARNTE3SO
ABB52042 . - - -
AJEZ24T746 000000 L. = P SR & . L.o.....
ARL72075 . S S . (S L L.
BAFPEID3L .. = P SR & . L.o.....

Continued

AJE24787
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i. Multiple amino acid alignment of replication enhancer protein (AC3)gene of ToLCNDV- Manipur isolate infecting tomato,
which overlapped on AC2 ORFS among the ToLCNDV infecting tomato, potato, okra or chilli respectively. Within' the
alignment **" indicate same residues, ‘:" indicate similar residues and *." Indicate dissimilar residues among the sequences



&'~ terminus region of AC4 protein
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AFIS4073 SRR U . <1, P SO, )
BET4EIS - . .-.EF. . _SHLBENSHE.I
ARRTETHSD —_—— e .-.f.. . OHLBENSHE . T
BIEZ4B46 — . ..., . _SHLBENSHE.I
ACKRIIB]S —_—— e e-.f.. . OHLBENSHE . I - 9 ¥ i
CAT44TH0 —— e e-.E. .. BMIBEWMEME.T._ .. ... ..H. ... BRLOD_.
AFRATEELS —— ... .E.. . BH.BENSHAR.I_._._.._H.. ... ..._.._...BRLD

S = - i o

:'_.'._...Z'Z...._.__.._.__:l..:':"_.

ANHTSTID MEMCHLIC TS Y S SRVEFRECKT TD 33 T3FPOPCOEISTRTERELKARRMS
ACID3IE2E - . ...E. . _SHLBEWNZHE. Y 1 i
ARRTEE43 —— e .-.f. . .OHLBEHIHE . - - 1 ¥ o
AFIS4089 — . ...E. . _SHLBEWNZHE. U - Y - S
AHENS&LTT ——-..-.'.'..-3}1__3:'[::'1:.. - - 1 ¥ i N

AHRBZ2ID —_— .- Bl BL L EH3BW. .. .. S - = |

AEATETTL —_.L_T. '_-.__Tif:_._:_."]:::?.E- I _ H . WHIFPSEHSGE. _B._LO.

2354 —..L.T.HMF.SH. .ENZHE. BR._.I.H ... . ... . B LD _.
4340 —_——..-.ELL BOL.EN3EVRL. . ... WL oo QLo B_.Q..
BEZ4RIS —— .- Bl L EHEEVE. L L Wil e -2

-k - - - P - - - -

AJTEZ247TS0 el
AJE247T83 e
ATEZ24T69 S
AHARZ199 S = E..
AHBRGLITS e = momeeemEmaomomommEomomEmaeommoeommEesmemmoEemEmeenmoaememnmmon el
COUe4521 ME...occeseeeecsalFaneesnceeesenanesoneesnenmcssnsasesmenanmnsemseasb
ABTS5067T el R L T T ST ¥ . I
AMNTGI48 R C........5.........?..........:..... . F
CAFO&4T2  —— o e e e e e e e T e e e e e e e F v see s ecesnmcenem . Rg . H - .F
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Multiple amino acid alignment AC4 gene of ToLCNDV- Manipur isolate

infecting tomato, which overlapped on AC1 ORFS among the ToLCNDWV
infecting tomato, potato, akra or chilli respectivelyv. Within the alignment
= indicate same residues, “:’ indicate similar residues and °." Imndicate

dissimilar residues among the seguences



5'- terminus region of ACS protein
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ATE24765 MAEVIHRCCARF IVEHVENEPKILRGSCRT TVIDOKEHN T I SMVERLDVE THFY LPQHIDRFHTESLEY
AHABZ200 MAEVIHRCCERF IVEHVENEF PEILRGSRRT TV IDOKEHN TVSMVECLOVE IHFYLPQHIDRFHTESLS
COUe4517 MHVLHRCCARFIVEHIKNFPKILGRSCRTTVIDQEKHDTVEMVECLOVEIHPYLPQHIDRFHTESL .
ABUS5063 MHVEHRSCARF IVKHVENE PKILGGSCRI TV IDOKKHN TV SMVERLDVE IHFYLFONIDRFHTESLSYA.
AANTH3I45 MHVLHRCCARF I TKEVENE PKILGGSCRTI TVIDOKENDTVSMVECLOVE THEY LSKHIDRFHTESLEYA.
ATWE0914 MHVLHRCCARFIVERIKNEPETLGSSCRT TVINOKEHDTVSMYECLOVE IHEFY LFQHIHGFHTESLEYA.
AVHTSTIZ 40 0 M
CBA1346T7 20000 —mmmmmmmm e MVECLOVFIHPYLSQHIDRFHTESLEPYA.
AJEZ24800 0 —ommmmm e m o m MVECLDVEFIHPYLAQHTIDGFHTIESL
CUR44438 MHVIHRCCARFIVKHIKHEPEILGS SCRITVINQKKHD TV SMVECLDVEFIHPYLSQHIDRFHTESLAYR.
AANTG3I49 MHVIHRCCARFIVEHIKHEPEILGRSCRI TVINQKKHD TV SMVECLDVEFIHFYLSEHIDGFLTESLPYA.
ABB5204% === ——mmmmm e MVECLOVFIHPYLPQHIDGFHTESLEPYA.
AJE24745 =000 ommmmmmm e MVECLOVFIHPYLPQHIDGFHTESLEPYA.
AKLT72074 MHVLHRCCARF IVEREVENE PKILWRSCRT TVIDOKEHDTVSMVEFCLOVE IHEY LFQHIDRFHTESLEYT.
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3'- terminus region of AC3 pratein
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Multiple amino acid alignment ACS gene of ToLCNDV- Manipur isolate infecting tomato, which overlapped on AV1 ORFS
among the ToLCNDV infecting tomato, potato, okra or chilli respectively. Within the alignment *** indicate same residues, *:’
mdicate similar residues and *." Indicate dissimilar residues among the sequences



