(Supplementary Table S1.) Primers used for detection, PCR, cloning and sequencing in this study
	Primer name
	Sequence of primer (5'→3')
	Length

	TuMV_CP_Fa
	TCT CAA TGG TTT AAT GGT CTG G
	22 bp

	TuMV_CP_Ra
	AAC CCC TTA ACG CCA AGT AAG
	21 bp

	TuMV_ApaⅠ_T7_Full_Fb
	GAG GGG CCC TAA TAC GAC TCA CTA TAG GAA AAA TAT AAA AAC TCA ACA CAA CAT ACA CAA AAC G
	64bp

	TuMV_XmaⅠ_Full_Rb
	GAG CCC GGG TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT GTC CCT TGC ATC CTA TCA AAT G
	61bp

	pGD_Fc
	CCA ACC ACG TCT TCA AAG CA
	20 bp

	pGD_Rc
	TTC GAG CTG GTC ACC TGT A
	19 bp

	TuMV_JS_436Fc
	GTG TTG AGA ATG CAC GAG GA
	20 bp

	TuMV_JS_1183Fc
	AGA GGA GAG CAT GAA GGC AA
	20 bp

	TuMV_JS_1153Fc
	GGC AAG TTG TAT GAT GCC AG
	20 bp

	TuMV_JS_1253Rc
	CTG TCG AAG CCT TTC CA
	17 bp

	TuMV_JS_1833Fc
	TTT CAT ATG GGG TGA GAG AGG
	21 bp

	TuMV_JS_2296Fc
	GCA AAG GAG TTC ACG AAA GT
	20 bp

	TuMV_JS_2799Fc
	CAT CAG AGC GGA CAG CAA TGT
	21 bp

	TuMV_JS_2890Fc
	CTC CAA ATC ATT GAA CGA AG
	20 bp

	TuMV_JS_3122Rc
	CTT AAC TCG TTC CAT GCT TC
	20 bp

	TuMV_JS_3442Fc
	AAT CGC ATC ATC ACC ACG CA
	20 bp

	TuMV_JS_4697Rc
	GTT CCA CTT GTG GTG ATC TC
	20 bp

	TuMV_JS_5171Rc
	GAG TCT CTG AGC TTG AAC CT
	20 bp

	TuMV_JS_5211Rc
	TCC TCG GTG AGG TAT GGC TA
	20 bp

	TuMV_JS_5417Fc
	CTG AGG AGA GAA GGA AGC AG
	20 bp

	TuMV_JS_5796Rc
	CGT TTT GTT CCA TTT GCC CTT
	21 bp

	TuMV_JS_6503Rc
	CGC AAC CCT CTG AAC ATG GAG
	21 bp

	TuMV_JS_7079Rc
	TTG ACC CAC TCG TGT GCT TC
	20 bp

	TuMV_JS_7691Rc
	CCC AAG AAG AGC CGT TCA CA
	20 bp

	TuMV_JS_7993Fc
	GCA GTA CTC AAC ATC CGC TT
	20 bp

	TuMV_JS_8399Rc
	TGG TGC GAC ATA AAC CAA AG
	20 bp

	TuMV_JS_9103Rc
	CAA ACC ATG TGT CAA ACT GCT
	20 bp

	TuMV_JS_9345Fc
	CAA GAC CGA CCA TAC ATG CC
	20 bp

	TuMV_KJS 5_HC-Pro_PstⅠ_Fd
	AAA CTG CAG AAA TGA GTG CGG CAG GTG CCA AC
	32bp

	TuMV_KJS 5_HC-Pro_BamHⅠ_Rd
	AAA GGA TCC TTA ACC AAC ACG ATA GTG TTT CAA A
	34bp

	smGFP_Fe
	TTC TCT TAT GGT GTT CAA TGC
	21bp

	smGFP_Re
	GTA GTT CCC GTC GTC CTT
	18bp

	Actin_Fe
	ATT GTC AGC AAC TGG GAT G
	19bp

	Actin_Re
	CAC GAT TAG CCT TTG GGT TA
	20bp


a Used for detection
b Used for full-length PCR
c Used for sequencing
d Used for cloning the HC-Pro
e Used for real-time qPCR 


Full length sequence of TuMV isolate and its variant

TuMV KJS 5 (OP493540.1):
AAAAATATAAAAACTCAACACAACATACACAAAACGATTAAAGCAAACACAAGTCTTCCGAAGCATTCAAGCAATCAAAGATTTTGAAATCTTTCATCGTTTACAAAGCAACCAACAACAACAAAAGCAATGGCAGCAGTCACATTCGCATCAGCAATCACCAACGCCATCACCAACAAACCAGCATCCACCGGAATGGTACAATTTGGGAATTTCCCACCAGTGCCATTGCGAACCACCGTCGCTACCACAGTCGCCACCCCAGTGGCGCAACCTAAACTGTACACGGTACAGTTTGGAAGTCTTGACCCAGTAGTCGTTAAGGGTGGACCAGGGTCCTCTGCTAAGGCAACCCGCCAGCAGCCTAGCATTGCAACAGATGCTAGCCTCAGGGAAGCCGCAGCTTTGGAGGTTGTAAAACCCAAGCCGAATGCCGTGTTGAGAATGCACGAGGAGGCAAACAAAGAGCGAGCGCTCTTCTTGGACTGGGAAGCCAGTCTGAAAAGGCAATCATATGGCATTGCTGAGAACGAGAAAGTCGTGATGACAACTCGTGGCATCAGTAAGATAGTGCCCAGAAGTTCACGGGCGATGAAGCAAAAGCGCGCAAGGGAGAGGCGCAGGGCACAACAACCAATTGTGCTAAAATGGGAGCCACAACTGAGCACACTCTCTATTGGAGGAGGGCCTGCCGCAAATGTTATTGAGGCGGAGGAAGTGCGCACAAAGTGGCCACTACACAAAACACCGTCAATGAAGAAAAAGACGGTGTTCAAAGCGTGTAGAATGAGCAACCAAGGAATTGACATGCTAATGCGTTCCTTGATCAAGATCTTCAAGGCGAAGAACGCCACCATCGAATACACTGCAAAGAAGTCTATCCACGTAGACTTCATCAGAAAGGAGCGGACAAAGTTTGCCCGAGTTCAGGTGGCGCATTTACTTGGTAAACGAGCACAACGTGACCTGTTGACTGGAGTGGCAGAAAACCACTTCATTGACACTCTCAGTGGTTACTCAGGTAACAAGAGAGTCATAAGCCCAGGGGTAGTGCGTGCCGGCTGGAGTGGAATAATCATTAGGAACGGAGCTCTCAACCAGAGTCAGAGTAGGAGTCCATCGCAGGCTTTCGTGATCAGAGGCGAGCATGAAGGCAAATTGTATGATGCCAGGGTTAAGGTCACGAAGACTATGAGCCATAAGATCGTGCATTATAGTGCGGCAGGTGCCAACTTTTGGAAAGGCTTCGACAGGTGTTTCCTTGCATATCGCGGTGACAACCGTGAACACACGTGTTACACGGGACTCGACGTCACTGAGTGTGGAGAAGTCGCAGCGCTAATGTGTCTCGCTATGTTCCCATGTGGGAAGATAACTTGTCCCGACTGCGTGACGGATAGTGAGTTGTCTCAAGGACAGGCTACTGCACCGTCCATAAAGCATAAACTGTCACAACTGCGCGAAGTCATCAAATCGAGTTATCCACGATTCAAACACGCAGTGCAAATACTGGACAGGTATGAGCACTCACTCAGTAGTGCTAATGAGAACTACCAGGATTTTGCGGAGATCCAGAGCATAAGCGATGGGACAGACAAAGCTGCGTTCCCACACATCAACAAGCTCAATGCGATATTGATTAAGGGAGCAACCGCGACGGGAGAAGAGTTCTCGCAAGCAACGAAGTACCTGCTTGAAATCGCACGGTACTTGAAGAACAGAACCGAGAATATTGAGAAAGGCTCGCTTAAGTCTTTCAGAAATAAGATCTCGCAGAAAGCGCATATCAACCCAACACTGATGTGCGATAACCAGCTTGATAAGAATGGCAATTTCATATGGGGCGAGAGAGGCTATCATGCAAAGCGCTTCTTTAGCAATTACTTCGAGATAATCGATCCGAAGAAAGGCTACGCTCAATACGAGACGAGGATAGTGCCAAACGGATCACGAAGGCTTGCAATCGGTAAGCTCATAGTTCCGACGAACTTTGAGGTATTGCGCGAGCAGATGAGAGGCGAGCCTATAGAACCGTGTCCAGTGACAGTCGAATGCGTGAGTAAATTGCAAGGCGACTTTGTTCATGCATGTTGCTGCGTAACAACAGAATCAGGTGATCCAGTCCTTTCTGAAATCAAGATGCCAACCAAGCATCATTTGGTTATTGGAAACAGCGGTGACCCGAAGTACATTGACCTTCCTGAGATTGAGGAGAATAAAATGTACATAGCAAAAGAAGGTTATTGTTATATTAATATCTTCCTAGCTATGTTGGTGAATGTCAAAGAGTCACAAGCGAAGGAGTTCACGAAAGTGGTTAGAGACAAACTTGTCGGAGAACTCGGCAAATGGCCCACGCTGTTAGATGTGGCAACCGCTTGCTACTTTTTGAAAGTGTTTTACCCTGATGTTGCCAACGCCGAGCTACCACGCATGCTAGTGGACCACAAAACGAAGATAATCCACGTTGTTGATTCATACGGATCATTGTCCACGGGATACCATATCCTCAAGACAAACACCGTGGAACAACTCATCAAGTTCACTAGGTGCAACTTGGAATCGAGTTTGAAACACTATCGTGTTGGTGGCACCAAATGGGAGGACGAGCACGGATTCGACAATATAGACGATCCACAGTGGTGTATCAAGAGGCTTATTAAAGGGGTGTACAGGCCAAAGCTATTAAAGCAGGACATGTTGCTAAACCCCTTCTTGCCATTGTATGCACTACTGTCACCAGGAGTCATCCTAGCGTTCTATAACAGTGGTTCGTTAGAGTACTTGATGAATCATTACATCAGAGCGGACAGCAATGTAGCTGTTTTACTAGTTGTACTCAAATCCTTGGCAAGAAAGGTATCAACAAGCCAAAGCGTGTTGGCCCAACTCCAAATCATCGAGCGAAGCTTACCAGAACTTGTAGAGGCCAGGGCCAACGTCACCGGACCAGATAGTGCAGCTGCACAGGCGTGTAATAGGTTCATGGGCATGCTCATCAACATGGCCGAACCGAATAATGAGCTCGCAGATGGTGGGTATACGATCCTGAGAGATCATAGTATAACCATCTTAGAAAAAAGTTATCTGCAAATCTTGGACGAAGCATGGAACGAGTTAAGCTGGTCGGAGCGCTGTGCTATAAAATATTACTCGTCAAAGCAAGCAATCTTTTCACAGAAAGATTTGCAAATGCGAAGCGACGTCGATTTAGGCGGCAGATACAGCGAGTCAGTCACGTCCTCTTACGAGTGGGGTAAACAACGCGCAAAGCAGGTATACTCCAGAACATGCACTAGGATGCGCAATACTGTCTCTTGGACCGGTAGTAAGATTTCAAGCAGTATTTGTAGGACCATTAATTATTTAGTACCAGATGTATTTAAATTTATTAATGTGTTAGTTTGCATTAGTTTACTGTTTACGATAGCTGCCGAAGCAAATCGCATCATCACCACGCAAAAGAGGCTTAAGCTGGACATCGAAGAAACAGAACGCAAGAAAATAGAATGGGAGCTTGCGTTTCACCATGCCATCCTAACACAGAGCGCAGGACAGCATCCCACACTTGATGAATTCACAGCGTATATTGCTGAGAAGGCGCCTCATTTGAGTGAACACATCGAACCTGAAGAAAAGGCAGTGGTCCACCAAGCGAAAAGGCAATCTGAACAAGAACTCGAGCGGATAATAGCATTCATTGCCTTAGTCCTCATGATGTTTGATGCAGAACGTAGTGATTGTGTCACAAAAATCCTCAACAAGTTGAAAGGATTAGTGGCCACTGTTGAACCCACAGTCTATCACCAAACACTTAACGACATAGAGGACGATTTGAGTGAGAGAAATCTCTTTGTCGACTTCGAGCTTAGCAATGATGGTGAAATGCTGCAACAACTACCAGCTGAAAAGACTTTTGCCTCATGGTGGAATCATCAGTTAAGTAGAGGGTTCACAATACCACACTACAGAACGGAGGGAAAGTTTATGACTTTCACTAGAGCAACTGCTACAGAAGTTGCAGGCAAGATAGCACACGAGAGTGACAAAGACATACTACTAATGGGAGCGGTAGGATCAGGTAAATCAACCGGTTTGCCATACCATCTCTCTAGAAAAGGCAATGTATTGCTTCTTGAACCAACTCGACCGCTCGCAGAAAATGTGCATAAGCAATTGTCGCAAGCTCCGTTCCATCAGAACACAACACTCAGGATGCGTGGCTTAACAGCATTTGGCTCAGCGCCCATATCAGTGATGACTAGCGGCTTTGCACTCAACTACTTCGCAAACAATAGAATGCGAATTGAGGAATTTGACTTTGTCATATTCGATGAGTGCCACGTCCATGACGCGAACGCAATGGCTATGAGGTGCCTGTTGCATGAGTGCGATTACTCCGGCAAAATTATAAAAGTGTCAGCCACACCACCAGGTCGTGAAGTTGAATTCTCTACCCAGTATCCTGTGACAATAAGCACAGAAGATGTCCTGTCATTCCAAGATTTTGTGAATGCGCAGGGTAGTGGAAGCAACTGCGATGTGATCTCAAAAGGAGACAACATCCTCGTATACGTGGCGAGCTACAACGAGGTTGACACACTTTCAAAACTTCTAATCGAGAGAGACTTCAAAGTCACTAAAGTCGATGGGAGAACAATGAAAGTTGGGAACATTGAGATCACCACAAGTGGAACACCCAACAAGAAGCACTTCATAGTAGCGACTAACATCATTGAGAATGGGGTAACCCTAGACATTGATGTCGTTGCCGACTTTGGAACGAAAGTACTCCCATATCTTGACACAGATAATAGAATGCTTAGCACAACAAAAACAAGCATCAACTATGGGGAGAGAATCCAAAGACTAGGGAGAGTTGGGAGACATAAGCCAGGCCACGCTCTGCGGATCGGCCACACAGAGAAGGGATTAAGCGAAGTTCCGAGCTGTATTGCAACAGAAGCAGCGTTAAAGTGCTTCACCTATGGGCTTCCAGTGATCACCAACAATGTTTCAACAAGTATTCTTGGCAACGTGACGGTGAAACAGGCACGAACTATGTCTGTTTTTGAAATAACACCATTCTATACAAGCCAGGTGATAAGGTATGATGGATCGATGCACCCTCAAGTGCATGCACTTCTAAAGAGGTTCAAGCTCAGAGATTCCGAGATTGTCTTGAACAAACTAGCCATACCTAACCGAGGAGTGAATGCTTGGCTCACAGCAAGCGAGTATGCACGACTCGGCGCCAATGTTGAAGACAGGCGTGATGTACGAATCCCCTTTATGTGTCGCGATATCCCTGAAAAGCTTCACCTGGAAATGTGGGATGTAATCGTCAAGTTCAAAGGCGATGCAGGTTTTGGGCGGCTTTCTAGCGCCAGTGCAAGCAAAGTAGCTTACACTTTGCAAACAGACGTCAACTCCATTCAGCGAACAGTCACTATCATAGATACACTGATCGCTGAGGAGAGAAGGAAGCAGGAGTACTTCAAGACAGTAACCTCCAACTGTGTCTCTTCCTCAAACTTCTCACTGCAGAGCATCACAAATGCAATAAAATCTCGCATGATGAAAGACCACACATGTGAGAACATATCAGTGCTTGAAGGAGCGAAGTCACAGTTACTCGAGTTCAGAAACTTAAATGCTGACCACTCGTTTACCACTAAGACTGACGGAATATCCCGTCATTTCATGAGTGAGTATGGAGCACTCGAGGCAGTTCACCACCAGAACACCAATGACATGAGCAAATTCCTAAAGCTCAAGGGCAAATGGAATAAAACGTTAATCACACGAGACGTGTTGGTGATCTGTGGAGTTTTTGGAGGCGGAATCTGGATGATAATCCAACACCTGCGTTCAAAACTTTCTGAACCTGTGACCCATGAAGCAAAAGGCAAGAGGCAAAGGCAGAAACTAAAGTTTCGCAACGCCCGAGACAACAAGATGGGTAGAGAGGTATACGGAGATGACGACGTCATAGAACACTTCTTCGGAGATGCCTATACGAAGAAGGGAAAGGGCAAAGGCAGAACACGTGGCCTCGGCCATAAAAACAGGAAATTCATCAATATGTATGGATTTGATCCTGAAGACTTCTCAGCAGTTAGGTTCGTGGATCCACTTACCGGAGCCACACTGGACGATAATCCGTTTACGGACATCTCCCTCGTGCAAAAACACTTTGGAGACATTCGAATGGACCTGCTTGGAGAAGGTGAATTGGATTCAAATGAGTTGCGGATGAATAAGACAATTCAGGCCTACTATATGAACAATAAAACAGGTAAGGCTCTGAAGGTGGATCTTACACCACACGTACCACTCAAGGTGTGTGACCTCCATGCAACCATCGCTGGTTTCCCGGAACGAGAACATGAACTTAGACAAACTGGAAAAGCTCAGCCAATCAATATAGACGAAGTACCCAAGGCTAATAATGAGCTAATTCCAGTTGACCATGAGAGTAGCTCCATGTTCAGAGGGTTGCGCGACTACAACCCGATTTCTAACAACATTTGTCATTTAACAAATGTTTCAGACGGAGCATCAAACTCGTTGTATGGTGTTGGTTTTGGGCCACTTATACTAACGAACCGACATCTTTTCGAACGGAATAATGGCGAGCTTAGAATTCAATCTAGACATGGTGAGTTTGTGATCAAAAACACGACTCAATTACATTTGTTACCAATTCCGGATCGGGATTTATTGCTAATCCGATTACCAAAAGATATCCCACCCTTTCCGCAGAAATTGGGTTTCAGACAGCCTGAGAAGGGTGAGAGGATCTGTATGGTAGGATCCAACTTCCAAACCAAGAGCATAACGAGTGTGGTCTCCGAGACCAGCACGATTATGCCAGTGGAGAATAGTCAATTTTGGAAACACTGGATTAGCACCAAAGATGGCCAGTGTGGGAGCCCAATGGTGAGCACAAAGGATGGAAAGATACTTGGACTACACAGTCTAGCAAATTTCCAAAACTCCATCAACTACTTTGCTGCCTTCCCAGATGGTTTTGCTGAGAAATATCTATACACCATCGAAGCACACGAGTGGGTTAAACACTGGAAGTACAACACCAGTGCAATTAGTTGGGGCTCTTTAAACATACAAGCCGCGCAACCAGCGGGTTTGTTCAAGGTGAGCAAACTCATATCAGACCTCGACAGCACAGCAGTGTATGCACAAACACAGCAGAACCGATGGATGTATGAGCAGCTAGCTGGGAACCTTAAGGCAATAGCACACTGCCCTAGTCAACTTGTGACGAAGCACACGGTAAAAGGGAAGTGCCAGATGTTCGACTTGTATCTCAAGTTACATGACGACGCACGAGAATACTTCCAACCGATGCTAGGGCAGTACCAGAAGAGTAGGCTCAACCGAGAAGCATATGCAAAAGATCTTCTCAAATATGCAACGCCAATCGAAGCAGGAAATATCGACTGCGAACTGTTTGAGAAGACAGTTGAAGTAGTCATATCAGACTTGCGAGGTTATGGTTTCGAGACGTGTAATTACGTCACTGACGAGACTGACATATTCGAAGCCCTGAATATGAAATCCGCAGTCGGAGCGTTGTACAAAGGCAAGAAGAAAGATTACTTTGCCGAGTTCACACCTGAGATGAAGGAAGAAATACTGAAGCAAAGTTGTGAACGACTCTTCTTGGGGAAGATGGGAGTTTGGAATGGCTCACTAAAGGCTGAACTGCGACCACTTGAAAAGGTGGAAGCGAACAAAACACGGACGTTCACAGCCGCACCACTAGACACACTGTTGGGTGGGAAAGTTTGTGTGGATGACTTCAACAACCAGTTCTATGACCACAACCTCAGAGCTCCTTGGAGTGTTGGAATGACAAAGTTTTACTGTGGTTGGGATCGCTTGTTGGAGTCACTACCAGATGGTTGGGTATATTGCGATGCCGATGGATCACAGTTTGATAGTTCATTATCGCCGTACTTGATCAACGCAGTACTCAACATCCGCTTGGAATTTATGGAAGAGTGGGATATAGGAGAAGTAATGCTGAGAAATCTGTACACTGAAATTGTGTACACTCCTATCTCAACACCAGATGGCACACTCGTTAAGAAGTTCAAAGGGAACAACAGCGGACAACCATCAACAGTTGTGGATAACACACTCATGGTTATACTGGCAGTTAACTACTCACTCAAGAAGAGTGGGATTCCAAGTGAGTTGCGCGATAGTCTTATAAGATTTTTCGTCAACGGAGACGACTTGCTGCTAAGCGTACACCCAAAGTACGAGTATGTCCTTGATACTATGGCGGAGAACTTCCGTGAACTGGGCTTAAAATACACCTTTGATTCAAGAACCAGAGAAAAAGGTGACCTTTGGTTTATGTCGCACCAGGGCCACAAAAGAGAAGGAATCTGGATTCCCAAGTTGGAACCAGAACGAATAGTATCGATCCTAGAGTGGGATCGGTCAAAAGAGCCATGTCACCGACTTGAAGCAATCTGCGCAGCAATGATTGAGTCATGGGGATACGATAAGTTGACCCATGAAATACGCAAGTTTTACGCATGGATGATCGAACAGGCTCCTTTCAGTTCATTGGCACAAGAGGGAAAGGCTCCTTATATAGCAGAAACAGCGCTGAGGAAACTTTACCTCGACAAAGAGCCAGCTCAAGAAGATCTCACCCAATACCTACAAGCAATCTTTGAAGATTATGAAGACGGTGTTGAAGTGTGTGTATATCACCAGGCAGGTGAAATACTTGATGCAGGCCTGACAGATGAGCAGAAACAGGCAGAAAAGGAGAGGAAAGAGAAAGAGAGAGCAGAGAAAGAGCGCGAAAGGCAAAAGCAGTTGGCACTCAAGAAAGGCAAAAACGCAGCATTAGAGGAAGGCGAACGCGACAACGAAGTGAACGCCGGAACCTCTGGAACTTTTAGTGTGCCTAGGCTCAAAAGCCTAACGAGCAAAATGCGTGTGCCAAAGTACGAGAAAAGAGTAGCCCTCAATCTCGATCATCTGATTCTGTACACGCCGGAGCAAACGGATCTATCCAATACGCGTTCAACGCGGAAGCAGTTTGACACTTGGTTTGAGGGTGTCATGGCTGACTACGAGCTAACGGAGGATAAAATGCAAATAATTCTCAATGGTTTAATGGTCTGGTGCATTGAGAATGGAACCTCCCCAAATATAAACGGAATGTGGGTGATGATGGACGGTGATGATCAGGTGGAATTCCCGATCAAACCGCTCATTGACCACGCCAAACCCACATTTAGGCAAATAATGGCCCATTTCAGTGACGTAGCTGAAGCGTACATTGAAAAGCGTAACCAAGACCGACCATACATGCCACGATATGGTCTTCAGCGCAATTTAACCGACATGAGCTTAGCTCGGTACGCATTTGATTTCTATGAAATGACTTCTAGAACTCCAATACGTGCGAGAGAGGCACACATCCAGATGAAAGCAGCAGCACTGCGTGGCGCAAATAATAATTTGTTCGGCTTGGATGGTAACGTCGGCACAACGGTAGAGAACACGGAAAGGCATACGACCGAGGACGTTAATCGGAACATGCATAACTTACTTGGCGTTAAGGGGTTATGAAGTTGTATGCTAGTAGACTATAAGTAGTTAAGTTTACTCGTTAGTATTCTCGCTTATGGGAAATATGTAAGTTTGTTAAAGCAGCCAGTGTGACTTCGTCATGTGTGTTGTTGTTACTTTCTATATTTTCGCCGAACATTTTATTGGTGTTAGCGCATGTGGTGAGATTGTATCTCGATTGCCTTAACATTTGATAGGATGCAAGGGAC

KJS 5 HC-Pro AA:
SAAGANFWKGFDRCFLAYRGDNREHTCYTGLDVTECGEVAALMCLAMFPCGKITCPDCVTDSELSQGQATAPSIKHKLSQLREVIKSSYPRFKHAVQILDRYEHSLSSANENYQDFAEIQSISDGTDKAAFPHINKLNAILIKGATATGEEFSQATKYLLEIARYLKNRTENIEKGSLKSFRNKISQKAHINPTLMCDNQLDKNGNFIWGERGYHAKRFFSNYFEIIDPKKGYAQYETRIVPNGSRRLAIGKLIVPTNFEVLREQMRGEPIEPCPVTVECVSKLQGDFVHACCCVTTESGDPVLSEIKMPTKHHLVIGNSGDPKYIDLPEIEENKMYIAKEGYCYINIFLAMLVNVKESQAKEFTKVVRDKLVGELGKWPTLLDVATACYFLKVFYPDVANAELPRMLVDHKTKIIHVVDSYGSLSTGYHILKTNTVEQLIKFTRCNLESSLKHYRVG
TuMV KJS 5-1:
AAAAATATAAAAACTCAACACAACATACAAAAAACGATTAAAGCAAACACAAGTCTTCCGAAGCATTCAAGCAATCAAAGATTTTGAAATCTTTCATCGTTTACAAAGCAACCAACAACAACAAAAGCAATGGCAGCAGTCACATTCGCATCAGCAATCACCAACGCCATCACCAACAAACCAGCATCCACCGGAATGGTACAATTTGGGAATTTCCCACCAGTGCCATTGCGAACCACCGTCGCTACCACAGTCGCCACCCCAGTGGCGCAACCTAAACTGTACACGGTACAGTTTGGAAGTCTTGACCCAGTAGTCGTTAAGGGTGGACCAGGGTCCTCTGCTAAGGCAACCCGCCAGCAGCCTAGCATTGCAACAGATGCTAGCCTCAGGGAAGCCGCAGCTTTGGAGGTTGTAAAACCCAAGCCGAATGCCGTGTTGAGAATGCACGAGGAGGCAAACAAAGAGCGAGCGCTCTTCTTGGACTGGGAAGCCAGTCTGAAAAGGCAATCATATGGCATTGCTGAGAACGAGAAAGTCGTGATGACAACTCGTGGCATCAGTAAGATAGTGCCCAGAAGTTCACGGGCGATGAAGCAAAAGCGCGCAAGGGAGAGGCGCAGGGCACAACAACCAATTGTGCTAAAATGGGAGCCACAACTGAGCACACTCTCTATTGGAGGAGGGCCTGCCGCAAATGTTATTGAGGCGGAGGAAGTGCGCACAAAGTGGCCACTACACAAAACACCGTCAATGAAGAAAAAGACGGTGTTCAAAGCGTGTAGAATGAGCAACCAAGGAATTGACATGCTAATGCGTTCCTTGATCAAGATCTTCAAGGCGAAGAACGCCACCATCGAATACACTGCAAAGAAGTCTATCCACGTAGACTTCATCAGAAAGGAGCGGACAAAGTTTGCCCGAGTTCAGGTGGCGCATTTACTTGGTAAACGAGCACAACGTGACCTGTTGACTGGAGTGGCAGAAAACCACTTCATTGACACTCTCAGTGGTTACTCAGGTAACAAGAGAGTCATAAGCCCAGGGGTAGTGCGTGCCGGCTGGAGTGGAATAATCATTAGGAACGGAGCTCTCAACCAGAGTCAGAGTAGGAGTCCATCGCAGGCTTTCGTGATCAGAGGCGAGCATGAAGGCAAATTGTATGATGCCAGGGTTAAGGTCACGAAGACTATGAGCCATAAGATCGTGCATTATAGTGCGGCAGGTGCCAACTTTTGGAAAGGCTTCGACAGGTGTTTCCTTGCATATCGCGGTGACAACCGTGAACACACGTGTTACACGGGACTCGACGTCACTGAGTGTGGAGAAGTCGCAGCGCTAATGTGTCTCGCTATGTTCCCATGTGGGAAGATAACTTGTCCCGACTGCGTGACGGATAGTGAGTTGTCTCAAGGACAGGCTACTGCACCGTCCATAAAGCATAAACTGTCACAACTGCGCGAAGTCATCAAATCGAGTTATCCACGATTCAAACACGCAGTGCAAATACTGGACAGGTATGAGCACTCACTCAGTAGTGCTAATGAGAACTACCAGGATTTTGCGGAGATCCAGAGCATAAGCGATGGGACAGACAAAGCTGCGTTCCCACACATCAACAAGCTCAATGCGATATTGATTAAGGGAGCAACCGCGACGGGAGAAGAGTTCTCGCAAGCAACGAAGTACCTGCTTGAAATCGCACGGTACTTGAAGAACAGAACCGAGAATATTGAGAAAGGCTCGCTTAAGTCTTTCAGAAATAAGATCTCGCAGAAAGCGCATATCAACCCAACACTGATGTGCGATAACCGGCTTGATAAGAATGGCAATTTCATATGGGGCGAGAGAGGCTATCATGCAAAGCGCTTCTTTAGCAATTACTTCGAGATAATCGATCCGAAGAAAGGCTACGCTCAATACGAGACGAGGATAGTGCCAAACGGATCACGAAGGCTTGCAATCGGTAAGCTCATAGTTCCGACGAACTTTGAGGTATTGCGCGAGCAGATGAGAGGCGAGCCTATAGAACCGTGTCCAGTGACAGTCGAATGCGTGAGTAAATTGCAAGGCGACTTTGTTCATGCATGTTGCTGCGTAACAACAGAATCAGGTGATCCAGTCCTTTCTGAAATCAAGATGCCAACCAAGCATCATTTGGTTATTGGAAACAGCGGTGACCCGAAGTACATTGACCTTCCTGAGATTGAGGAGAATAAAATGTACATAGCAAAAGAAGGTTATTGTTATATTAATATCTTCCTAGCTATGTTGGTGAATGTCAAAGAGTCACAAGCGAAGGAGTTCACGAAAGTGGTTAGAGACAAACTTGTCGGAGAACTCGGCAAATGGCCCACGCTGTTAGATGTGGCAACCGCTTGCTACTTTTTGAAAGTGTTTTACCCTGATGTTGCCAACGCCGAGCTACCACGCATGCTAGTGGACCACAAAACGAAGATAATCCACGTTGTTGATTCATACGGATCATTGTCCACGGGATACCATATCCTCAAGACAAACACCGTGGAACAACTCATCAAGTTCACTAGGTGCAACTTGGAATCGAGTTTGAAACACTATCGTGTTGGTGGCACCAAATGGGAGGACGAGCACGGATTCGACAATATAGACGATCCACAGTGGTGTATCAAGAGGCTTATTAAAGGGGTGTACAGGCCAAAGCTATTAAAGCAGGACATGTTGCTAAACCCCTTCTTGCCATTGTATGCACTACTGTCACCAGGAGTCATCCTAGCGTTCTATAACAGTGGTTCGTTAGAGTACTTGATGAATCATTACATCAGAGCGGACAGCAATGTAGCTGTTTTACTAGTTGTACTCAAATCCTTGGCAAGAAAGGTATCAACAAGCCAAAGCGTGTTGGCCCAACTCCAAATCATCGAGCGAAGCTTACCAGAACTTGTAGAGGCCAGGGCCAACGTCACCGGACCAGATAGTGCAGCTGCACAGGCGTGTAATAGGTTCATGGGCATGCTCATCAACATGGCCGAACCGAATAATGAGCTCGCAGATGGTGGGTATACGATCCTGAGAGATCATAGTATAACCATCTTAGAAAAAAGTTATCTGCAAATCTTGGACGAAGCATGGAACGAGTTAAGCTGGTCGGAGCGCTGTGCTATAAAATATTACTCGTCAAAGCAAGCAATCTTTTCACAGAAAGATTTGCAAATGCGAAGCGACGTCGATTTAGGCGGCAGATACAGCGAGTCAGTCACGTCCTCTTACGAGTGGGGTAAACAACGCGCAAAGCAGGTATACTCCAGAACATGCACTAGGATGCGCAATACTGTCTCTTGGACCGGTAGTAAGATTTCAAGCAGTATTTGTAGGACCATTAATTATTTAGTACCAGATGTATTTAAATTTATTAATGTGTTAGTTTGCATTAGTTTACTGTTTACGATAGCTGCCGAAGCAAATCGCATCATCACCACGCAAAAGAGGCTTAAGCTGGACATCGAAGAAACAGAACGCAAGAAAATAGAATGGGAGCTTGCGTTTCACCATGCCATCCTAACACAGAGCGCAGGACAGCATCCCACACTTGATGAATTCACAGCGTATATTGCTGAGAAGGCGCCTCATTTGAGTGAACACATCGAACCTGAAGAAAAGGCAGTGGTCCACCAAGCGAAAAGGCAATCTGAACAAGAACTCGAGCGGATAATAGCATTCATTGCCTTAGTCCTCATGATGTTTGATGCAGAACGTAGTGATTGTGTCACAAAAATCCTCAACAAGTTGAAAGGATTAGTGGCCACTGTTGAACCCACAGTCTATCACCAAACACTTAACGACATAGAGGACGATTTGAGTGAGAGAAATCTCTTTGTCGACTTCGAGCTTAGCAATGATGGTGAAATGCTGCAACAACTACCAGCTGAAAAGACTTTTGCCTCATGGTGGAATCATCAGTTAAGTAGAGGGTTCACAATACCACACTACAGAACGGAGGGAAAGTTTATGACTTTCACTAGAGCAACTGCTACAGAAGTTGCAGGCAAGATAGCACACGAGAGTGACAAAGACATACTACTAATGGGAGCGGTAGGATCAGGTAAATCAACCGGTTTGCCATACCATCTCTCTAGAAAAGGCAATGTGTTGCTTCTTGAACCAACTCGACCGCTCGCAGAAAATGTGCATAAGCAATTGTCGCAAGCTCCGTTCCATCAGAACACAACACTCAGGATGCGTGGCTTAACAGCATTTGGCTCAGCGCCCATATCAGTGATGACTAGCGGCTTTGCACTCAACTACTTCGCAAACAATAGAATGCGAATTGAGGAATTTGACTTTGTCATATTCGATGAGTGCCACGTCCATGACGCGAACGCAATGGCTATGAGGTGCCTGTTGCATGAGTGCGATTACTCCGGCAAAATTATAAAAGTGTCAGCCACACCACCAGGTCGTGAAGTTGAATTCTCTACCCAGTATCCTGTGACAATAAGCACAGAAGATGTCCTGTCATTCCAAGATTTTGTGAATGCGCAGGGTAGTGGAAGCAACTGCGATGTGATCTCAAAAGGAGACAACATCCTCGTATACGTGGCGAGCTACAACGAGGTTGACACACTTTCAAAACTTCTAATCGAGAGAGACTTCAAAGTCACTAAAGTCGATGGGAGAACAATGAAAGTTGGGAACATTGAGATCACCACAAGTGGAACACCCAACAAGAAGCACTTCATAGTAGCGACTAACATCATTGAGAATGGGGTAACCCTAGACATTGATGTCGTTGCCGACTTTGGAACGAAAGTACTCCCATATCTTGACACAGATAATAGAATGCTTAGCACAACAAAAACAAGCATCAACTATGGGGAGAGAATCCAAAGACTAGGGAGAGTTGGGAGACATAAGCCAGGCCACGCTCTGCGGATCGGCCACACAGAGAAGGGATTAAGCGAAGTTCCGAGCTGTATTGCAACAGAAGCAGCGTTAAAGTGCTTCACCTATGGGCTTCCAGTGATCACCAACAATGTTTCAACAAGTATTCTTGGCAACGTGACGGTGAAACAGGCACGAACTATGTCTGTTTTTGAAATAACACCATTCTATACAAGCCAGGTGATAAGGTATGATGGATCGATGCACCCTCAAGTGCACGCACTTCTAAAGAGGTTCAAGCTCAGAGATTCCGAGATTGTCTTGAACAAACTAGCCATACCTAACCGAGGAGTGAATGCTTGGCTCACAGCAAGCGAGTATGCACGACTCGGCGCCAATGTTGAAGACAGGCGTGATGTACGAATCCCCTTTATGTGTCGCGATATCCCTGAAAAGCTTCACCTGGAAATGTGGGATGTAATCGTCAAGTTCAAAGGCGATGCAGGTTTTGGGCGGCTTTCTAGCGCCAGTGCAAGCAAAGTAGCTTACACTTTGCAAACAGACGTCAACTCCATTCAGCGAACAGTCACTATCATAGATACACTGATCGCTGAGGAGAGAAGGAAGCAGGAGTACTTCAAGACAGTAACCTCCAACTGTGTCTCTTCCTCAAACTTCTCACTGCAGAGCATCACAAATGCAATAAAATCTCGCATGATGAAAGACCACACATGTGAGAACATATCAGTGCTTGAAGGAGCGAAGTCACAGTTACTCGAGTTCAGAAACTTAAATGCTGACCACTCGTTTACCACTAAGACTGACGGAATATCCCGTCATTTCATGAGTGAGTATGGAGCACTCGAGGCAGTTCACCACCAGAACACCAATGACATGAGCAAATTCCTAAAGCTCAAGGGCAAATGGAATAAAACGTTAATCACACGAGACGTGTTGGTGATCTGTGGAGTTTTTGGAGGCGGAATCTGGATGATAATCCAACACCTGCGTTCAAAACTTTCTGAACCTGTGACCCATGAAGCAAAAGGCAAGAGGCAAAGGCAGAAACTAAAGTTTCGCAACGCCCGAGACAACAAGATGGGTAGAGAGGTATACGGAGATGACGACGTCATAGAACACTTCTTCGGAGATGCCTATACGAAGAAGGGAAAGGGCAAAGGCAGAACACGTGGCCTCGGCCATAAAAACAGGAAATTCATCAATATGTATGGATTTGATCCTGAAGACTTCTCAGCAGTTAGGTTCGTGGATCCACTTACCGGAGCCACACTGGACGATAATCCGTTTACGGACATCTCCCTCGTGCAAAAACACTTTGGAGACATTCGAATGGACCTGCTTGGAGAAGGTGAATTGGATTCAAATGAGTTGCGGATGAATAAGACAATTCAGGCCTACTATATGAACAATAAAACAGGTAAGGCTCTGAAGGTGGATCTTACACCACACGTACCACTCAAGGTGTGTGACCTCCATGCAACCATCGCTGGTTTCCCGGAACGAGAACATGAACTTAGACAAACTGGAAAAGCTCAGCCAATCAATATAGACGAAGTACCCAAGGCTAATAATGAGCTAATTCCAGTTGACCATGAGAGTAGCTCCATGTTCAGAGGGTTGCGCGACTACAACCCGATTTCTAACAACATTTGTCATTTAACAAATGTTTCAGACGGAGCATCAAACTCGTTGTATGGTGTTGGTTTTGGGCCACTTATACTAACGAACCGACATCTTTTCGAACGGAATAATGGCGAGCTCAGAATTCAATCTAGACATGGTGAGTTTGTGATCAAAAACACGACTCAATTACATTTGTTACCAATTCCGGATCGGGATTTATTGCTAATCCGATTACCAAAAGATATCCCACCCTTTCCGCAGAAATTGGGTTTCAGACAGCCTGAGAAGGGTGAGAGGATCTGTATGGTAGGATCCAACTTCCAAACCAAGAGCATAACGAGTGTGGTCTCCGAGACCAGCACGATTATGCCAGTGGAGAATAGTCAATTTTGGAAACACTGGATTAGCACCAAAGATGGCCAGTGTGGGAGCCCAATGGTGAGCACAAAGGATGGAAAGATACTTGGACTACACAGTCTAGCAAATTTCCAAAACTCCATCAACTACTTTGCTGCCTTCCCAGATGGTTTTGCTGAGAAATATCTATACACCATCGAAGCACACGAGTGGGTTAAACACTGGAAGTACAACACCAGTGCAATTAGTTGGGGCTCTTTAAACATACAAGCCGCGCAACCAGCGGGTTTGTTCAAGGTGAGCAAACTCATATCAGACCTCGACAGCACAGCAGTGTATGCACAAACACAGCAGAACCGATGGATGTATGAGCAGCTAGCTGGGAACCTTAAGGCAATAGCACACTGCCCTAGTCAACTTGTGACGAAGCACACGGTAAAAGGGAAGTGCCAGATGTTCGACTTGTATCTCAAGTTACATGACGACGCACGAGAATACTTCCAACCGATGCTAGGGCAGTACCAGAAGAGTAGGCTCAACCGAGAAGCATATGCAAAAGATCTTCTCAAATATGCAACGCCAATCGAAGCAGGAAATATCGACTGCGAACTGTTTGAGAAGACAGTTGAAGTAGTCATATCAGACTTGCGAGGTTATGGTTTCGAGACGTGTAATTACGTCACTGACGAGACTGACATATTCGAAGCCCTGAATATGAAATCCGCAGTCGGAGCGTTGTACAAAGGCAAGAAGAAAGATTACTTTGCCGAGTTCACACCTGAGATGAAGGAAGAAATACTGAAGCAAAGTTGTGAACGACTCTTCTTGGGGAAGATGGGAGTTTGGAATGGCTCACTAAAGGCTGAACTGCGACCACTTGAAAAGGTGGAAGCGAACAAAACACGGACGTTCACAGCCGCACCACTAGACACACTGTTGGGTGGGAAAGTTTGTGTGGATGACTTCAACAACCAGTTCTATGACCACAACCTCAGAGCTCCTTGGAGTGTTGGAATGACAAAGTTTTACTGTGGTTGGGATCGCTTGTTGGAGTCACTACCAGATGGTTGGGTATATTGCGATGCCGATGGATCACAGTTTGATAGTTCATTATCGCCGTACTTGATCAACGCAGTACTCAACATCCGCTTGGAATTTATGGAAGAGTGGGATATAGGAGAAGTAATGCTGAGAAATCTGTACACTGAAATTGTGTACACTCCTATCTCAACACCAGATGGCACACTCGTTAAGAAGTTCAAAGGGAACAACAGCGGACAACCATCAACAGTTGTGGATAACACACTCATGGTTATACTGGCAGTTAACTACTCACTCAAGAAGAGTGGGATTCCAAGTGAGTTGCGCGATAGTCTTATAAGATTTTTCGTCAACGGAGACGACTTGCTGCTAAGCGTACACCCAAAGTACGAGTATGTCCTTGATACTATGGCGGAGAACTTCCGTGAACTGGGCTTAAAATACACCTTTGATTCAAGAACCAGAGAAAAAGGTGACCTTTGGTTTATGTCGCACCAGGGCCACAAAAGAGAAGGAATCTGGATTCCCAAGTTGGAACCAGAACGAATAGTATCGATCCTAGAGTGGGATCGGTCAAAAGAGCCATGTCACCGACTTGAAGCAATCTGCGCAGCAATGATTGAGTCATGGGGATACGATAAGTTGACCCATGAAATACGCAAGTTTTACGCATGGATGATCGAACAGGCTCCTTTCAGTTCATTGGCACAAGAGGGAAAGGCTCCTTATATAGCAGAAACAGCGCTGAGGAAACTTTACCTCGACAAAGAGCCAGCTCAAGAAGATCTCACCCAATACCTACAAGCAATCTTTGAAGATTATGAAGACGGTGTTGAAGTGTGTGTATATCACCAGGCAGGTGAAATACTTGATGCAGGCCTGACAGATGAGCAGAAACAGGCAGAAAAGGAGAGGAAAGAGAAAGAGAGAGCAGAGAAAGAGCGTGAAAGGCAAAAGCAGTTGGCACTCAAGAAAGGCAAAAACGCAGCATTAGAGGAAGGCGAACGCGACAACGAAGTGAACGCCGGAACCTCTGGAACTTTTAGTGTGCCTAGGCTCAAAAGCCTAACGAGCAAAATGCGTGTGCCAAAGTACGAGAAAAGAGTAGCCCTCAATCTCGATCATCTGATTCTGTACACGCCGGAGCAAACGGATCTATCCAATACGCGTTCAACGCGGAAGCAGTTTGACACTTGGTTTGAGGGTGTCATGGCTGACTACGAGCTAACGGAGGATAAAATGCAAATAATTCTCAATGGTTTAATGGTCTGGTGCATTGAGAATGGAACCTCCCCAAATATAAACGGAATGTGGGTGATGATGGACGGTGATGATCAGGTGGAATTCCCGATCAAACCGCTCATTGACCACGCCAAACCCACATTTAGGCAAATAATGGCCCATTTCAGTGACGTAGCTGAAGCGTACATTGAAAAGCGTAACCAAGACCGACCATACATGCCACGATATGGTCTTCAGCGCAATTTAACCGACATGAGCTTAGCTCGGTACGCATTTGATTTCTATGAAATGACTTCTAGAACTCCAATACGTGCGAGAGAGGCACACATCCAGATGAAAGCAGCAGCACTGCGTGGCGCAAATAATAATTTGTTCGGCTTGGATGGTAACGTCGGCACAACGGTAGAGAACACGGAAAGGCATACGACCGAGGACGTTAATCGGAACATGCATAACTTACTTGGCGTTAAGGGGTTATGAAGTTGTATGCTAGTAGACTATAAGTAGTTAAGTTTACTCGTTAGTATTCTCGCTTATGGGAAATATGTAAGTTTGTTAAAGCAGCCAGTGTGACTTCGTCATGTGTGTTGTTGTTACTTTCTATATTTTCGCCGAACATTTTATTGGTGTTAGCGCATGTGGTGAGATTGTATCTCGATTGCCTTAACATTTGATAGGATGCAAGGGAC
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