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Abstract: Objective To identify the protein gene of tobaccos mosaic virus in Tetrastigma hemsleyanum by sequencing of IncRNA.
Methods Proteins was expressed by Escherichia coli recombinant technology, and the sequence was analyzed by bioinformatics
methods. Results The results showed that the protein genes of tobaccos mosaic virus in 7. hemsleyanum included replicase, RNA
polymerase, motor protein, charged protein and coat protein genes; The recombinant expression of its RN A polymerase, movement protein
(MP), charged protein and coat protein (CP) could be realized in E. coli, which indicated that the sequencing result of IncRNA was accurate;
The total cDNA length of CP, MP, RNA polymerase and charged protein genes of tobaccos mosaic virus in 7. hemsleyanum were 480, 807,
1 425 and 123 bp, respectively. The CP, MP, RNA polymerase and charged protein were composed of 159, 268, 474 and 40 amino acids,
respectively; The CP, MP, RNA polymerase was hydrophilic protein, and the charged protein was hydrophobic protein; The secondary

structure of CP, MP, RNA polymerase was composed of alphahelix, extendedstran and randomcoil and the secondary structure of charged
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protein was composed of extendedstran and randomcoil. Their tertiary structures were all monomer, which were located in chloroplast,

chloroplast, cytoplasm and mitochondria respectively. The CP, MP, RNA polymerase and charged protein of 7. hemsleyanum were closely

related to tobacco mosaic virus, with more than 98% homology. Conclusion TMYV of T' hemsleyanum had the structural characteristics of

tobacco mosaic virus, whose amino acid sequence and nucleic acid sequence were highly similar to those of homologous species and highly

conservative in evolution.

Key words: Tetrastigma hemsleyanum Diels et Gilg; tobacco mosaic virus; IncRNA sequencing identification; protein expression;

sequence analysis
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Fig. 1 Distribution of base error rate of samples
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Fig. 2 Genome circle of tobacco mosaic virus in 7. hemsleyanum
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Fig. 3 Protein expression of ORF3, ORF4, ORF5 and
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CP Ak ATGTCTTACAATATCACTACTCCATCTCAGTTCGTGTTCTTGTCATCAGCGTGGGC
AGACCCAATAGAGTTAATTAATTTATGTACTAATGCCTTAGGAAATCAGTTTCAA
ACACAACAAGCTAGAACTGTCGTTCAAAGACAATTCAGTGAGGTGTGGAAACCT
TCACCACAAGTAACTGTTAGGTTCCCTGATAGTGACTTTAAGGTGTACAGGTACA
ATGCGGTATTAGACCCGCTAGTCACAGCACTGTTAGGTGCATTTGACACTAGAAA
TAGAATAATAGAAGTTGAAAATCAGGCGAACCCCACGACTGCCGAAACGTTAGA
CGCTACTCGTAGAGTAGACGACGCAACGGTGGCCATAAGGAGCGCTATTAATAA
TITAGTAGTAGAATTGATCAGAGGAACCGGATCTTATAATCGGAGCTCTTTCGAG
AGCTCTTCAGGTTTGGTTITGGACCTCTGGTCCTGCAACTTGA.

MP ATGGCTCTAGTTGTTAAAGGAAAAGTGAATATCAATGAGTTTATTGACCTGACAA
AAATGGAGAAGATCTTACCGTCGATGTTTACCCCTGTAAAGAGTGTCATGTGTTC
CAAAGTTGATAAAATAATGGTTCATGAGAATGAGTCATTGTCAGAGGTAAACCTT
CTTAAAGGAGTTAAGCTTATTGATAGTGGATACGTCTGTTITAGCCGGTTITGGTCGT
CACGGGCGAGTGGAACTTGCCTGATAATTGCAGAGGAGGTGTGAGCGTGTGTCT
GGTGGACAAAAGGATGGAAAGAGCCGACGAGGCCACTCTCGGATCTTATTACAC
AGCAGCTGCAAAGAAAAGATTTCAGTTCAAGGTCGTTCCCAATTATGCTATAACC
ACCCAGGACGCGATGAAAAACGTCTGGCAAGTTTTAGTCAATATTAGAAATGTA
AAGATGTCAGCGGGTTICTGTCCGCTTTICTCTGGAGTTTGTGTCGGTGTGTATCGT
TTATAGAAATAATATAAAATTAGGTTTGAGAGAGAAGATTACAAACGTGAGAGA
TGGAGGGCCCATGGAACTTACAGAAGAAGTTGTTGATGAGTTCATGGAAGATGT
CCCTATGTCAATCAGGCTTGCAAAGTTTCGATCTCGAACCGGAAAAAAGAGTGAT
GTCCGTAAAGGGAAAATTAGTAGTAGTGATCGGTCAATGCCGAACAAGAACTAT
AGAAATGTTAAGGATTTITGGAGAAATGAGTTTTAAAAAGAATAATTTAATCGATG
ATGATTCGGAGACTACTGTCGCCGAATCGGATTCGTTTTAA.
RNA R & ATGCAGTTTTACTATGATAAGTGTCTCCCAGGCAACAGCACCATGATGAATAATT
TTGATGCTGTTACCATGAGGTTGACAGACATTTCATTGAATGTCAAAGATTGCAT
ATTGGATATGTCTAAGTCTGTTCCTGCGCCTAAGGATCAAATCAAACCACTAATA
CCTATGGTACGAACGCCGGCAGAAATGCCACGCCAGACTGGACTATTGGAAAAC
TTAGTGGCGATGTTTAAAAGGAACGTTAACGCACCCGAGTTGTCTGGCATCATTG
ATATTGAAAATACTGCATCTTTAGTTGTAGATAAGTTTTTTGATAGTTATTTGCTT
AAAGAAAAAAGAAAACCAAATAAAAATGTTTCTTITGTTCAGTAGAGAGTCICTC
AATAGATGGTTGGAAAAGCAAGAACAGGTAACAATAGGCCAGCTCGCAGATTTT
GATTTTGTGGATCTGCCAGCAGTTGATCAATACAGACACATGATCAAAGCACAAC
CCAAGCAAAAGTTGGACACTTCGATCCAAACGGAGTACCCGGCTTTGCAGACGA
TTGTGTACCATTCAAAAAAGATCAATGCAATATTTGGCCCGTTGTTTAGTGAGCTT
ACTAGGCAATTACTGGACAGTGTTGATTCGAGCAGATTITITGTTTTTCACAAGAA
AGACACCAGCGCAGATTGAGGATTTCTTCGGAGATCTCGACAGTCATGTGCCGAT
GGATGTCTTGGAGCTGGATATATCAAAATACGACAAATATCAGAATGAATTCCAC
TGTGCAGTAGAATACGAGATCTGGCGAAGATTGGGTTITTGAAGACTTICTTGGGAG
AAGTTTGGAAACAAGGGCATAGAAAGACCACCCTCAAGGATTATACCGCAGGTA
TAAAAACTCGCATCTGGTATCAAAGAAAGAGCGGGGACGTCACGACGTGCATTG
GAAACACTGTGATCATTGCTCCATGTTTGGCCGCGATGCTTCCGATGGAGAAAAT
AATCAAAGGAGCCTTTTGCGGTGACGATAGTCTGCTGAACTTTCCAAAGGGTTGT
GTIGTTTCCGGATGTGCAACACTCCGCGAATCTTATGTGGAATTTTGAAGCAAAAC
TGTTTAAAAAACAGTTTGGATACTTTTGCGGAAGATATGTAATACATCACGACAG
AGGATGCATTGTGTATTACGATCCCCTAAAGCTTATCTCGAAACTTGGTGCTAAA
CACCTCAAGTATTGGGAACACTTGGAGGAGTTCAGAATGTCTCTTTGTGATGTTG
CTGTTTCGTTGAACAATTGTGCGTATTACACACAGTTGGACGACGCTGTATGGGA
GGTTCATAAGACCGCCCCTCCAGGTTCGTTTGTTTATAAAAGTCTGGCGAAGTAT
TTGTCTGATAAAGTTCTTTTTAGAAGTTTGTTTATAGATGGCTCTAGTTGTTAA.
A

ATGATGATTCGGAGACTACTGTCGCCGAATCGGATTCGTTTTAAATATGTCTTAC

AATATCACTACTCCATCTCAGTTCGTGTTCTTGTCATCAGCGTGGGCAGACCCAAT

AGAGTTAATTAA

4 =MEFEEIFS CP. MP. RNA BAEMTHEEAEEREHAR
Fig. 4 Base composition of CP, MP, RNA polymerase and charged protein genes of tobacco mosaic virus in 7.

hemsleyanum
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MSYNITTPSQFVFLSSAWADPIELINLCTNALGNQFQTQQARTVVQRQFSEVWKPSPQVTV
REFPDSDEKVYRYNAVLDPLVTALLGAFDTRNRIIEVENQANPTTAETLDATRRVDDATVAIR
SAINNLVVELIRGTGSYNRSSFESSSGLVWTSGPAT.,

MALVVKGKVNINEFIDLTEMEKILPSMFTPVKSVMCSKVDKIMVHENESLSEVNLLKGVEK
LIDSGYVCLAGLVVTGEWNLPDNCRGGVSVCLVDEKRMERADEATLGSY Y TAAAKKRFQF
KVVPNYAITTQDAMENVWQVLVNIRNVEKMSAGFCPLSLEFVSVCIVYRNNIKLGLREKIT
NVRDGGPMELTEEVVDEFMEDVPMSIRLAKFRSRTGKKSDVRKGKISSSDRSMPNKNYR
NVKDFGEMSFKKNNLIDDDSETTVAESDSFE¢

MQFYYDKCLPGNSTMMNNFDAVIMRLTDISLNVKDCILDMSKSVPAPKDQIKPLIPMVRT
PAEMPRQTGLLENLVAMFKRNVNAPELSGIIDIENTASLVVDKFFDSYLLKEKRKPNKNVS
LFSRESLNRWLEKQEQVTIGQLADFDFVDLPAVDQYRHMIKAQPKQKLDTSIQTEYPALQ
TIVYHSKKINAIFGPLFSELTRQLLDSVDSSRFLFFTRK TPAQIEDFFGDLDSHVPMDVLELD
ISKYDKYQNEFHCAVEYEIWRRLGFEDFLGEVWKQGHRKTTLKDY TAGIKTRIWYQRKS
GDVTTCIGNTVIIAPCLAAMLPMEKIIKGAFCGDDSLLNFPKGCVFPDVQHSANLMWNFE
AKILFKKQFGYFCGRYVIHHDRGCIVY YDPLKLISKLGAKHLKYWEHLEEFRMSLCDVAVS
LNNCAYYTQLDDAVWEVHK TAPPGSFVYKSLAKYLSDKVLFRSLFIDGSSCe

D MMIRRLLSPNRIRFKYVLQYHYSISVRVLVISVGRPNRVN«

5 ZHEMEEEMFSE CP(A). MP(B). RNA B&E§ (C) MTHEER (D) SERFT!
Fig. 5 Amino acid sequence of CP (A), MP (B), RNA polymerase (C) and charged protein (D) of tobacco mosaic virus in 70

hemsleyanum
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Fig. 6 Distribution of hydrophilic and hydrophobic water values of CP (A), MP (B), RNA polymerase (C) and charged

protein (D) of tobacco mosaic virus in 7. hemsleyanum



FEH 202410 7 $55% B 20 Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20 - 7079 -

A foommes e T T ) R e R T e T
20 0 60. 80 100 120
| N\ J | Wy |'I; \ll" N SN \.I"\'I\'
I"r’ \ ’ Y \
. jkf\ Y f :‘ll\ f' ;I'. ‘( ‘,"]fi‘ M
' 100 120
|.|||.. o | ot |||...|||...‘|...|.|||. Il ......|||||..||||..|||||||.|||..||.| 111 .|||||.....||||.|.{.||||| R | |.‘

50 100 150 200

© el oAl e e
50 100 150 200 250 300 350 400
‘ III| r| ( '
e, i
k 41 W [ wfL| ;s i 0 |
fQ ﬁfqic‘ll'd }'K J éﬁ Jq% ir!* L_Ht hl\"{ﬁu
50 100 150 200 400
P PLL b v o bbb | s
5 ) 10 15 20 25 30 .
N II::IITI
BT T

WK o-t80E: A ORE R ROMREANE.
blue represents alphahelix; red represents extendedstrand; purple represents randomcoil.
7 =MEREEMRS CP(A). MP(B). RNA BAEE (C) MHBRER (D) ZREMEEHIHIELH
Fig. 7 Proportion of secondary structure of CP (A), MP (B), RNA polymerase (C) and charged protein (D) of tobacco mosaic

virus in 7. hemsleyanum
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A 162458772928765 WoLFPSORT prediction chlo: 13

14 Nearest Neighbors

distance  identity comments

RBST FRIAG  chlo 237966 9.49721% [Linipeot] SWISS-PROTASChlaroplast
RES2 FRIAG  chlo 239924 10.0559% [Uniprat] SWISS-PROTAS:Chloroplast.
RBS5 FRIAG  chlo 242232 10.0559% [Uniprof] SWISS-PROTAS,Chloroplast
RBS_MARPA chlo 25197  127072% [Uniprot] SWISS-PROTA5 Chlaroplast.
ATPIARATH  chlo 252677 117962% [Acath) [Unipat) SWISS-PROTAS Chlaroplast thylakoid membrane. Evidence:IDA Pubmed: 1626305
RES2 LYCES  chlo 25839  13.2507% [Uniprot] SWISS-PROTAS:Chloroplast.
RBS4_LYCES chlo 266181 13.8122% [Uniprot] SWISS-PROTA5.Chloroplast,
RBSTLYCES  chlo 266202 117363% [Unipeot] SWISS-PROTAS Chlaroplast.
At3gS0820.1  chlo 267232 782% [Arath] Subclass:thylakoid
RBS3 AMAHP  chlo 268613 12.2222% [Uniprot] SWISS-PROTAS Chloroplast.
At3g55120.1  ER._vacu 271309 158537% [Arath]

Al4g05180.1  chlo 272339 130435% [Arath] Subclass:thylakoid
RESILYCES  chlo 273683 11.2597% [Uniprat] SWISS-PROTAS:Chloroplast.
REBS PYRPY  chlo 276111 13.1148% [Uniprat] SWISS-PROTAS:Chloroplast

162432786328766 WoLFPSORT prediction chlo: 4, nucl: 3, cyto: 3, pero: 2, mito: 1

B - -
14 Nearest Neighbors
IFXA_BAUUN  extr 208.572 14.1791% [Uniprot] SWISS-PROT45:Secreted
IAAL ARATH  nucl 222921 12.3134% [Arath] [Uniprot] SWISS-PROT4A5:Nuclear. Evidence:IDA Pubmed:8278386
IAA4 PEA nucl 245787  13806% [Uniprot] SWISS-PROT45:Nuclear.
FER_COLES  chlo 266.188 B.95522% [Uniprot] SWISS-PROT4S:Chloroplast.
PROC_ARATH cyto  269.912 12.5839% [Uniprot] SWISS-PROT45:Cytoplasmic.
IAA2 ARATH  nucl 27101  12.6866% [Arath] [Uniprot] SWISS-PROT45:Nuclear. Evidence:l DA Pubmed:8278386
MDHH_BRANA pero 273.354 14.8045% [Uniprot] SWISS-PROT45:Glyoxysomal.
MDHG_BRANA pero 275.188 153631% [Uniprat] SWISS-PROT4S:Glyoxysomal.
FI60Q_BRANA cyto 285221 164706% [Uniprot] SWISS-PROTA5:Cytaplasmic.
FERE_ALOMA  chlo 285535 10.4478% [Uniprot] SWISS-PROT45:Chlaroplast.
FER SOLLS chlo 287.288 9.32836% [Uniprot] SWISS-PROT45:Chloroplast. GO:0009507; C:chloroplast; Evidence:TAS
CYPH BRANA cylo  287.946 14.1791% [Uniprot] SWISS-PROT45:Cytoplasmic.
FERSOLLY  chlo 291.841 £95522% [Uniprot] SWISS-PROT45:Chloroplast. GO:0009507: Cichloroplast; Evidence:TAS
POR4 SOLTU  mito  292.013  11.9134% [Uniprot] SWISS-PROT45:Mitochondrial outer membrane.
Cc

162432248728766 WoLFPSORT prediction cyto: 6, nucl: 2, extr: 2, mito: 1, plas: 1, E.R.: 1

rraditional PSORTII prediction

14 Nearest Neighbors
id site distance iden comments

At1g21230.1  plas 244266 14.4611% [Arath]

F16Q_SOLTU cyto 260.943 13.9241%  [Uniprot] SWISS-PROT45:Cytoplasmic.
F16Q_SPIOL  cyto 3054  14.3158%  [Uniprot] SWISS-PROT45:Cytoplasmic.
At2g39810.1 nucl  308.693 12.1387% [Arath]
GCST PEA  mito 314722 12.0253% [Uniprot] SWISS-PROT45:Mitochondrial.
At1g72280.1 ER. 316807 1125% [Arath]
FPP2_ARATH cyto 327.176 14.135% [Uniprot] SWISS-PROT45:Cytoplasmic.
E13A_LYCES extr 341.131 14135%  [Uniprot] SWISS-PROT45:Extracellular.
At2g14740.1 golg 344438 15.6051% [Arath]

GAST_ARATH extr 344491 7.59494%  [Uniprot] SWISS-PROT45:Secreted.
F16Q ORYSA cyto 34526  14.135%  [Uniprot] SWISS-PROT45:Cytoplasmic.
PEAM SPIOL cyto 347.797 14.6586%  [Uniprot] SWISS-PROT45:Cytoplasmic.
PSD3 TOBAC nucl 3492  10.8756%  [Uniprot] SWISS-PROTA5:Nuclear.
At5g45820.1 cyto  349.945 12.1339% [Arath]

7, eyto: 3.5, eyta nucl: 2.5, chlo: 2

D 14 ares Heighbers

ACPMARKTH  mita preT) eachondril
Atlgl4OB0 1 mits 153061%
AdgsEs01  mita 5
AGSTST ER 50807

HS1ZDACA oo Lsars L] SIS PR Cytaplasec,

AP BOBA mita % [niorca] SWISE-PROTAS Mtacheandria,
UPCSOUDE  chlo 36674 SOATTIE [Unipees] SWISS PROTASChloraplast thylakod merrbwane, GOHOC09535: by lakeie mnibrare fsersu Viidilantack Evieerse/SS
HSTISOVEN oo a3 815033 Lniatcr| SUMSS-PROT4S Citoplaseni

UMPEARATH  mita 170086 READS2% ) SWISS- PROTASMitochandrisl, Evidence| DA Pubmest | 1743114
UBIQACECL e nud IMA0T 144737% Uniara) SYASS-PRETTAS Hacloar and cytoplaseic.
UPCSOUTU  chlo  IT7.561 R9G773%  [\nipess] SWISS-PROTAS.Chloroplest thylskoid mesmimane. GOOR515; iy lakoid mesmibrane fosrm Virdlantesk Eviderced P

HSULNCES oo we3s apagars Lsiagcr] SIS PROTAS Cytoplasenic
AT ARATH  mite Y88 AD0aK o] SWISS-PROTAS Mtncheandrial,
AME0401 wito  3B017E 8302338 fecait]

Chlo-M%¢4k; Plas-JifB; Vacu-TiIEME:; Nucl-4UA%: Cyto-4UN; E.R-PMIFM; extr-ZHfES1: mito-2RHRifAk.
Chlo-chloroplast; Plas-plasma membrane; Vacu-vacuole membrane; Nucl-nucleus; Cyto-cytoplasm; E.R-endoplasmic reticulum; extr-extracellular;

Mito-mitochondria.

B9 =MHWEEMHS CP(A). MP(B). RNA B&EE (0) MTHRER (D) TMMEER
Fig. 9 Subcellular localization of CP (A), MP (B), RNA polymerase (C) and charged protein (D) of tobacco mosaic virus in 7.

hemsleyanum
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Fig. 10 Phylogenetic analysis of CP (A), MP (B), RNA polymerase (C) and charged protein (D) of tobacco mosaic virus in 7.

hemsleyanum



- 7082« F 8B 2024F 108 $55% $208  Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20

314 =MEMWELIHE CP. MP. RNA BEEE 11 1 “*7 S5 XERIZEAFIKRN R AR, |

MHEEBNFIILEXER

11 A5, =M HF WS E CP. MP. RNA

—MEHELLHE# CP. MP. RNA R&GBE  RA BN R 3 5 05 0 25 08 55 45 F
MR EAFEEARNFIRSERLE 1. B N+

ORF6 .

A AAM642116.1
AAMG64218. 1
AIC77293.1
CEJ16345.1
BBG06099. 1

ORF6 ~ wssssssss

AAM64216.1

8.
AIC77293.1
CEJ16345.1
BBG06099.1 -

AAKS85235.1
AHE41731.1
ORF4
QBLY5851.1
prij0804257A
CCH64010.1
CCH64076.1
AAF80606. 1
CCH64022.1
QBL95857.1

AAKS85235.1
AHE41731.1
ORF4
QBLO5851.1
pri]j0804257A
CCH64010.1
CCH64076.1
AAF80606.1
CCH64022.1
QBL.95857.1

C ALP75636.1
BCI92999.1
BAL04983.1

ABN79257.1 :

CCC33060.1

AAD47818.1 H

BAO73175.1 ¥

AIL54434.1
ORF3
QHWO03758.

1

QWE91698.1

ALP75636.1
BC192999.1
BAL04983.1
ABN79257.1
CCC33060.1
AAD47818.1
BAO73175.1
AIL54434.1
ORF3
QHWO03758.1
QWE91642.1
QWE91698.1

ALP75636.1
BCI92999.1
BAL04983.1
ABNT79257.1
CCC33060.1
AAD47818.1
BAO73175.1
AIL54434.1
ORF3
QHWO03758.1
QWE91642.1
QWE91698.1

ORF3
AAB29709.1
NP_597749.1
AUZ62372.1
QBL95852.1
ATS17327.1
QBL95858.1

11 =MHBEEEMHSE CP(A). MP(B). RNA B&EE (C) FMHBRER (D) SEBFIIRIEIRMELLER
Fig. 11 Homology comparison of amino acid sequences of CP (A), MP (B), RNA polymerase (C) and charged protein (D) of

tobacco mosaic virus in 7. hemsleyanum
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