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Abstract: [Objective]According to the report of the Tenth International Committee on Taxonomy of Vi-
ruses (ICTV) , genus Badnavirus has 46 species of viruses, including 9 distinctive species of Banana
streak virus (BSV), which are Banana streak GF virus (BSGFV), Banana streak UA virus (BSUAV),
Banana streak IM virus (BSIMV), Banana streak MY virus (BSMYV), Banana streak OL virus
(BSOLV), Banana streak UI virus (BSUIV), Banana streak UL virus (BSULV), Banana streak UM vi-
rus (BSUML) and Banana streak VN virus (BSVNV). Badna viruses are widely distributed in tropical
and temperate regions of the world and cause severe diseases in several important monocot and dicot
crops, such as banana, yam, cocoa, citrus, black pepper and taro. Their genome size ranges from 7.2 to
9.2 kb with three to seven open reading frames (ORFs). However, the functions of many predicted
ORFs including BSV ORF [ gene and its homologues have been kept unknown. [Methods] Banana

leaves with black stripe, chlorotic stripe, spindle and eye-shaped symptoms of banana streak disease
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(BSD) in Yunnan Province, China were collected in the year of 2008. The pathogen was tentatively
named Banana strike virus Yunnan isolate (BSV-YN). The total DNA was extracted by using CTAB
method and it was used as a DNA template for PCR amplification. The ORF [ gene of the BSV-YN was
cloned and the classification relationship of BSV-YN in badna viruses was determined based on the
ORF [ sequences analysis. The sequence similarity of ORF [ gene and its homologues genes were ana-
lyzed by NCBI blastn and BioEdit software, while the homology relationship of BSV-YN ORF [ and its
homologues proteins were conducted by MEGA6.0 with Maximum Likelihood method. In order to fur-
ther investigate the characterization and function of ORF I and its homologues proteins, physicochemi-
cal properties, amino acid sequence composition, hydrophobicity, transmembrane structure, signal pep-
tide, subcellular localization, phosphorylation site, structural functional domain, secondary and tertiary
structures were predicted based on the online databases and softwares on bioinformatics websites. [Re-
sults] The BSV-YN ORF [ gene was 528 bp, encoding 175 amino acids with unknow function. NCBI
blastn and BioEdit software analysis showed that BSV-YN ORF [ gene was 99.0% sequences similari-
ty with BSGFV ORF [ gene (Genbank accession No. KJ013507.1), while its protein showed 100% iden-
tity with BSGFV ORF [ (Genbank accession No. AHM92949.1). Phylogenetic tree analysis indicated
that BSV-YN ORF [ had the highest homology with the BSGFV ORF I, followed by the BSUAV ORF
I and Commelina yellow mottle virus (ComYMV) ORF [ .Therefore, BSV-YN belonged to the BSGFV
species. ORF [ s of BSV-YN, BSGFV, BSUAV and BSIMV had 175 to 177 amino acid residues with
their relative molecular weights of 20.80 kDa. Furthermore, the isoelectric points (pls) among 6.98 to
8.45, about 30 negative and 30 positive amino acid residues, the hydrophobicity among -0.741 to 0.606,
and protein instability coefficients among 45.85 to 63.27 were also predicted. These results indicated
that BSV-YN, BSGFV, BSUAV and BSIMV ORF | s were unstable, hydrophilic or water-soluble pro-
teins. BSV-YN ORF [ had fourteen potential phosphorylation sites, including nine serine sites (Amino
acid sites at 3, 14, 18, 32, 33, 34, 88, 103 and 126 in the peptide chain), four threonine sites (Amino ac-
id sites at 45, 72, 148, 152 in the peptide chain) and one tyrosine (Amino acid site at 27 in the peptide
chain). The results predicted that the serines and threonines of BSV-YN ORF I were mainly phosphory-
lation sites. The secondary structure of BSV-YN ORF [ and its homologous proteins consisted mostly
of alpha helix (73.00% to 88.57%), followed by random coil (10%), extended strand (1.70% to 9.00%)
and extended strand (less than 2%). Further analysis showed that the tertiary structure BSV-YN ORF [

had high similarity with BSGFV, BSIMV, SCBV and KTSV ORF [ s, which were mainly consisted of
alpha helix and random coil as well. Bioinformatic analysis indicated that BSV-YN ORF [ and its ho-
mologous proteins did not have signal peptide region or transmembrane domain region. Subcellular lo-
calization prediction indicated that these proteins are mainly distributed in the cell nucleus. Therefore,
BSV-YN ORF [ and its homologous proteins were presumably involved in the viral infection process in
the host cell nucleus. [Conclusion] The gene ORF of BSV-YN ORF [ was 528 bp long, encoding 175
amino acids with unknow function. Sequences similarity and homology relationship analyses of the
BSV-YN ORF [ and homologues genes indicated BSV-YN belonged to the BSGFV species. Bioinfor-
matic analysis showed that BSV-YN ORF [ and homologous proteins were unstable, hydrophilic pro-
teins, with serine and threonine phosphorylation. The secondary structure was mainly composed of a-he-
lix and random coil in BSV-YN ORF I and homologous proteins, but no signal peptide or transmem-
brane domain of these proteins. Subcellular localization prediction indicated that these proteins were
mainly distributed in the cell nucleus, presumably involved in the viral infection process. The proteins
might play some key roles in the virus-infected cell nucleus, such as viral replication and transcription.
This study would provides scientific clues for further research on the function of this protein.
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S A6 95 2% B (Caulimoviridae) [f1 IR DNA 5 77 J&
(Badnavirus)®", BSV 3 [K 2 34K XUEE DNA, K
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ORF [ 5k RAMEAER" H P (1) 2
2 5 SR R A 33.6%.

H AT, 90% LA F 8 A D Rg nlaE ok A )15 B

TR BT IRAGEE D RAZH IR 7 S SR
B, WL REA FYBUAT (R TSCEHE 128 LA R 38 SRAH SR A
TN AN 73 B B 5K AN AT BE K AL W) A T RE L DN R B
TP SRR 2R K. FHIR DNA J # ORF [ %
PRI i 1% 2 A Dh RE S DL ROE .« RIE, B AT 4R
FKPLIF FE r BIR L E SRS T ORF T 2, IF 3¢
Fo g i A 1 A RIS R 1 R RFALE R AT RE R DO RETT Fé
EWE BT T B I RIZE A D RERT 7T
ROEMEE.

1 ARG

1.1 #REs)

A B2 K B B = M 40 B PR (BSV-YND &t DNA
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DH 5a) . i {& FL DNA % & Ff (PrimeSTAR HS DNA
polymerase) . T4 DNA i £ i . B i 14 N V1 i Sal 1
FlBam H 1 ¥ H KEEAEDE R AT PCRFY)
58 Jioz el i 7 B R /N B B B A & L DL2000
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PCR [ N 4& 2 40 F : 5% PrimeSTAR Buffer 10 pL,
PrimeSTAR HS DNA polymerase 0.5 pL, dNTP Mix-
ture 4 pL, 1E 2 [\ 51 % (5 pmol - L) 3 2 uL,
DNA ## 2 uL, K 1 7% 18 7K 31.5 uL, & & #L 50
uL. PCR B F2 7 41 K : 98 °C #il 2% 14 3 min; 98 C
2130 5,55 CiBK30s,72 ‘CHEAH 30 s, 3L 35 ME
85 72 ‘CHEAH 10 min. BU 6 uL f PCR =4 T
1.5% 35 T W g Jioe Wb wikcoRsr M, I [l e iAo f% [l g 4t
1L 1) PCR 724 5 J5 % 3R 3K #4& pET32a 43 il 48 Bam
H 1 Sal T XUEGYIANEYL . F5FIFH T4 DNA %421
¥ PCR P2 W) % $5 % pET32a H AR, #4k K T B
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Table 1 BSV-YN and 10 homology viruses information

WiEE T 4 o3 TE S 44 Genbank % 33 5
Virus (Chinese) Virus (English) Genbank accession No.
FREFZPRTF M Banana streak virus YN isolate (BSV-YN) -

HHEAPE GF i T Banana streak GF virus (BSGFV) AHM92949.1
FREFLGUAWITE Banana streak UA virus (BSUAV) YP_004442822.1
FHEXL MG Banana streak IM virus (BSIMV) YP_004442837.1
H AR Sugarcane bacilliform virus (SCBV) AJF46482.1

T 7 A £ X A8 2 Commelina yellow mottle virus (ComYMV) NP_039818.1

e N BRI 2 Canna yellow mottle-associated virus (CaYMV) YP_009259696.1
AR CO it Pineapple bacilliform CO virus (PBV) YP_003987463.1
TR IR AT Cycad leaf necrosis virus (CLNV) YP_002117529.1
R A& I 2% BU Enset leaf streak virus (ELSV) AXP07688.1
AR S T B a0 Kalanchoe top-spotting virus (KTSV) NP _777315.1

T BSV-YN ORF I A1HAth 10 F 7Y ORF I s 1554
KR

123 A% &5 54 BT BSV-YNORF [
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Tl [ R0 ) 43 1 T 2550 L R R 2 R 5 P
P 5 5 B FHAE 22 X T EMBL () SMART F2 /7 1 NCBI
] Conserved Domain #2 /3 T I & 1 J5 1) [7) J5 &5 #4)
1% ; F| FHl ProtScale 7 £k T H 73 #7 85 19 52 1 25 i 7K
P K H SOPMA 7E 28 T B 15l 2 1 1) o- 48 é  B-47
B S FAh = R 25 0 5 ) H AE £ B TMHMM 2.0
Server TN £ 11 5 1 125 JisE &5 2 4 [X 358 5 K1) H SignalP
4.1 Server 1£ £ T B % E (1 )0 (45 5 JIK X 3803 4T 7
O s R F PSORTII /£ £k T H 10 2% 14 /53 ] A (1 3248
Jifl %€ 145 5 B NetPhos 3.1 Server £ £k T. B #7
BT TE I B R A A 55 5 R A SWISS-MODEL %
PRYELR T 2 (R = 450 (R 2D

2 RS0

2.1 BSV-YN ORF [ £FE#Yy¥ 12

2 HYEEFEMRBBUEENMR G ML
Table 2 Online databases and softwares used for

bioinformatics analysis

TH ] 5
Tool Website

ProtParam tool http://web.expasy.org/protparam/
ProtScale tool
SOPMA http://npsa-prabi.ibep.fr/cgi-bin/scpred_sopma.pl/
TMHMM 2.0 Server http://www.cbs.dtu.dk/servers/TMHMM/
SignalP 4.1 Server
SMART

PSORTII

NetPhos 3.1 Server
SWISS-MODEL
Conserved Domain
BLASTn/BLASTp

http://web.expasy.org/ProtScale /

http://www.cbs.dtu.dk/servers/SignalP/
http//smart.embl-heidelberg.de/
http://psort.hge.jp/form.html
http://www.cbs.dtu.dk/services/NetPhos/
http: //www.swissmodel.expasy.org/
http: //blast.ncbi.nlm.nih.gov/

http: //blast.ncbi.nlm.nih.gov/
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Wb 45 31— 205 53 (1) DNA 4575 (Lane 1), 57U BSV-
YN ORF I J BERK/N—5. 7455 F1NCBI blastn
TS REW, ZEE R BRKENS528bp, 5
BSGFV i ORF [ 3 [X ¥ %] (Genbank accession No.
KJ013507.1) &1 B AHALL (99.0% ) , A A 5 AN A% FH R 1
7 5 (A102G, A474G) o HEM L 4 b5 175 4> 2 5 12
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M 1

2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

M. Tran 2 000 bp DNA marker; 1. BSV-YN ORF [ f{] PCR >4,
M. Tran 2 000 bp DNA marker; 1. PCR products of ORF [ from
BSV-YN isolate.
1 BSV-YN ORF I & PCR 1
Fig. 1 PCR amplification of BSV-YN ORF [

Fr AR AL 9 100 % .
2.2 ORF [ &8 F5 L3 5 EiRE S
RAEEIR T 557 Hr R W, A0 701 BSV-YN ORF
[ 55 fir 3 1 10 4 [F] 5 & 3197 51 AR AL R 25.5%~
100% C & 2) s Hooh 5 7 8 5 B 5 A [ i
BSGFV.BSUAV fI BSIMV [{J ORF I s /& 5| AP 5
2 99 100% 4 56.1%F1 50.8% o [7] Y5 45 #4455 F50 31
KW, X NANEEHEE AR DUFI319 H 5K
TR 5 K35, 1% 25 R 3 A2 AT R DNA 3 55 J@ i 75 P
R . FIFH MEGA 6.0 8 fF 1) S R R i i R 4t
REW, X 1N PMEAREE KR, SREKH,
BSV-YN 5 # % 2% 55 # ) BSGFV l BSUAV F 3¢
Yo AL, Hirh 5 BSGFV R4k Rl izii. A
HF) 52, BSV-YN B4R 5 BSIMV [ /7 51 MU & v
B & H FPEYER ComYMV.CaYMV . .PBV.CLNV Al
ELSV . 8 BSV i £ 7 A [ b B2 A7 B B AT AN [+

BSV-YN ORF | : i LRTEEQEQEL : 79
AHMO2949 i LRTEBQEQEL : 79
YP_004442822 : H NRELEEKQEL : 80
YP_004442837 : E IRKDEEKQDL : 78
AJF46452 A i TRQEQEEQER : 81
YP_003987463 : A E . 78
YP_002117529 : 0 78
YP_009259696 : ﬂ 79
AXPOTG5S A i : T8
NP_039818 R H : 103
NP_TT77315 TDTEW(DQLVLNLE\WRKWKNIHYIDWEQNTRE JONERNV 6
DUF1319 superfamily

BSV-YN ORF [ : ﬁ 1 175 identity
AHMO2949 H © 173 100%
YP_004442822 : ﬁ : 176 56.1
YP_004442837 : H : 177 50.8
AJF46452 4 H 177 48.3
YP_003987463 : i 175 42.2
YP_002117529 : H i 17 411
YP_009259696 : i © 173 40.3
AYXPOT688 i : 176 39.2
NP_039818 il 200 33.6
NP_T77315 R 173 25.5

P S IREAR M I RSy 45 A3 (DUF 1319 B0 25 EEAR A EZOFHIR DNA 35 Jm i 2 T AT -

The protein contains a conserved domain (DUF1319 superfamily) with unknown function. The family members seem to be restricted to badnavirus-

€sS.

2 BSV-YN ORF I FARIRMREEL# % 551 tbxt
Fig. 2 Multiple amino acid sequences alignment of BSV-YN ORF I and homology proteins

T2 B2 B E AR A%, T R A 1 23 3 (B 3) o BRI, AR
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T BSGFV i,
23 EHR—REHWHH

LR P 5 4R S BRAL I R A BT R B (K 3D,
BSV-YN ORF [ 5 firif ) 10 F [7] Y5 & 1 ORF 1 s )

B R BN 173~200 4, X TR E N
19.83~23.33 kDa, 25 Hi, £ (pI) N 6.04~9.05 , 971 H faf %
HH (Asp + Glu) N 22~32, 1E H fif bk JE % (Arg +
Lys) A 22~32, lg Wi i 2 18 5 50N 96.99~112.08.
AR e M R Bl 43.74~65.51, 3% B K M 1500 8
H-0.882~-0.169, £ IHIX 11 N E AL ARE >
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00| @ BSV-YN ORFI

1
9% AHM92949 (BSGFV)

YP 004442822 (BSUAV)

41

36

NP 039818. (Commelina yellow mottle virus)

YP 003987463 (Pineapple bacilliform CO virus)

28 99

YP 004442837 (BSIMV)
AJF46482 (Sugarcane bacilliform virus)

YP 009259696 (Canna yellow mottle-associated virus)

82 _|:YP 002117529 (Cycad leaf necrosis virus)
49 AXP07688 (Enset leaf streak virus)

||
0.2

NP 777315 (Kalanchoe top-spotting virus)

i/ MEGAG F AL B JTT R FEREAY , £ Y foe A ARV HE i [R50 &1,

Evolutionary analyses were conducted in MEGAG6 "". The evolutionary history was inferred by using the Maximum Likelihood method based on

the JTT matrix-based model "\

3 FIFASRAKEMAEME BSV-YN ORF | MEEMHRFELE ST
Fig. 3 Molecular Phylogenetic analysis of BSV-YN ORF I and homologues by Maximum Likelihood method

%3 BSV-YN ORF | EH R EREMH—REH DT
Table 3 Primary structure analysis of BSV-YN ORF [ and homology proteins

T KA YRR HRLG REER AEAR RWEAR SRR SRR i 7 R A IR R L B K
Virus Length/aa  MW/kDa pl Asp(-) Glu(-) Arg(+) Lys(+) Instability coefficient Aliphatic-aa coefficient Hydrophobicity
BSV-YN 175 20.80 698 11 18 11 18 63.27 105.31 -0.741
BSGFV 175 20.80 698 11 18 11 18 63.27 105.31 -0.741
BSUAV 177 20.80 845 14 16 13 19 45.85 96.38 -0.606
BSIMV 176 20.80 7.88 11 19 11 20 55.15 102.44 -0.710
SCBV 177 21.03 6.04 7 25 14 16 65.51 94.75 -0.882
ComYMV 200 23.33 9.01 8 18 8 22 59.57 119.30 -0.169
CaYMV 173 19.90 7.02 8 19 3 24 54.46 102.02 -0.453
PBV 175 20.44 7.14 7 21 12 16 51.93 97.54 -0.802
CLNV 175 19.83 7.06 8 14 7 15 58.87 110.74 -0.362
ELSV 176 20.60 779 11 20 11 21 43.74 96.99 -0.717
KTSV 173 20.53 9.05 9 17 12 17 53.75 112.08 -0.605

40) RARMEEUKIEMEE B (UED o 2B
BSV-YN.BSGFV.BSUAV F1 BSIMV %5 4 /> BSV %
B A ORF I s, 45 RE W AR IER IR LN
175~177 A, K% 43 7 i & 34 9 20.80 kDa, %5 H 550
(pD) 4 6.98~8.45 , FIT iy 1t H % Bk IR % Jk 5 B 7 1E
LG R R AR JE M fE 30 N A A, 3R oK M
9 -0.741~-0.606, I & H ) A FE R ECH 45.85~
6327, B T AR EM RKMESKBEEED, 5
ProtScale 7£ 2% T H /T I sE i K P25 R — 2 (K 4,

FHER 4 A AT, X 11N 8 E R R IR T 4135 H 20
P SR 20 B, HAN[F)995 88 ORF 1 25 & R T o5
oA A 22 A8 K, P s SR (Lew) - B &R (Glw) Al
R (Lys) & IR 2, i IR & R (Cys) &

sl HEN S R E E SRR AR .
24 EBARZ.ZREHTNFID

WA S A o- 1R BT S TR
T 2 b R RE AR R . I A, B A B — B R
PG5 1y ) = G 25 A0, AT HE B IR P A D
fit. FIH SOPMA fE4 /0 HT K 1 ,BSV-YN ORF [ &
FIJE Y& B 5 W £ B e 2 o- W8 e, & B AE
73%~88.57% , T HL I & 2 B AE 10% /e 47, JE A
£ 1.70%~9.00% , B- 41 & & 8 K 40 75 2% LA F (&
5). I A# H AE 2k T. B SWISS-MODEL X} i% & H
JoT ) = 4R 25 K AT T , 45 R 40 1 5 s, BSV-YN
BSGFV.BSIMV.SCBV A KTSV ORF [ s [ = 2 45
g ARABL I %5 5 5 1 PBV . CLNV Al ELSV /] ORF [ s
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The abscissa is the position of the amino acid, while the ordinate is the hydrophobicity score. Hydrophobicity (positive value) and hydrophilicity
(negative values) are showed.
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Fig. 4 Hydrophobicity prediction of BSV-YN (A), BSGFV (B), BSUAV (C) and BSIMV (D) ORF [ s
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Table 4 Amino acid composition and content analysis of BSV-YN ORF I and homology proteins %
AA BSV-YN BSGFV BSUAV  BSIMV  SCBV ComYMV CaYMV PBV CLNV ELSV KTS
Ala 4.0 4.0 5.6 4.5 4.5 3.5 6.9 6.9 34 6.8 3.5
Arg 6.3 6.3 7.3 6.2 7.9 4.0 1.7 6.9 4.0 6.2 6.9
Asn 5.1 5.1 34 4.5 4.0 3.5 3.5 4.6 4.0 5.1 4.6
Asp 6.3 6.3 7.9 6.2 4.0 4.0 4.6 4.0 4.6 6.2 5.2
Cys 0.6 0.6 1.1 0.0 0.0 0.5 1.7 0.6 1.7 0.6 0.0
Gln 8.6 8.6 6.2 6.8 9.6 6.5 6.9 7.4 9.1 6.2 8.1
Glu 10.3 10.3 9.0 10.8 14.1 9.0 11.0 12.0 8.0 11.4 9.8
Gly 1.7 1.7 1.7 1.1 1.7 1.5 0.6 2.3 34 2.3 1.7
His 2.9 2.9 1.7 2.8 1.7 2.5 3.5 5.1 4.0 1.7 2.3
Ile 5.1 5.1 34 5.1 4.0 7.5 5.8 6.3 5.1 7.4 6.9
Leu 18.3 18.3 153 153 15.8 15.5 13.9 13.1 16.0 11.9 16.2
Lys 10.3 10.3 10.7 11.4 9.0 11.0 13.9 9.1 8.6 11.9 9.8
Met 0.6 0.6 1.7 0.6 1.1 1.5 0.6 0.6 0.6 0.6 1.2
Phe 2.3 2.3 4.0 2.8 2.3 3.5 3.5 0.6 1.1 2.8 0.6
Pro 1.1 1.1 1.1 1.1 1.1 3.5 1.7 1.7 1.1 1.1 1.7
Ser 6.3 6.3 7.3 7.4 6.8 8.0 7.5 6.9 10.3 4.5 4.0
Thr 3.4 3.4 34 34 5.1 2.0 4.6 34 4.6 5.1 6.9
Trp 1.7 1.7 1.1 0.6 1.1 1.0 0.6 1.1 0.6 1.7 2.3
Tyr 1.7 1.7 1.7 2.8 1.7 2.5 1.2 2.3 1.1 1.1 1.7

Val 34 34 6.2 6.2 4.5 9.0 6.4 5.1 8.6 5.1 6.4
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Table 5 Secondary structure prediction of

SREERIARAL . IR B EE ) S A R T o MBE
TR R 0 5 g 3 7 o - 4 5 R A R o
2.5 FEHERBERLEIHTN

T R A 2 B 1 I A i WL iE M 2 — AR R R 3R
I AT T A 3 AR S A A R b B SO A
T YEH . FIF NetPhos 3.1 Server ££ 26 7iJll BSV-YN
ORF I K [RIVEYEE IV AE B RR A A7 2T . 45 SR BoR
CBIME 0.5) , 31X 11 A8 A B R AL A7 fUEFE 13~18 1,
o B 1) 22 E R (Ser) BERR AL A7 f B %, N 6~13
AN IR IR (The) N 2~ A, B &R (Tyr) 2> » N 0~2
M6

BSV-YN ORF [ 777 14 /™ ¥ 15 1 % R 1k f7

& B -
R R

‘MAMM

LV

BSV-YN ORF | and homology proteins %
T 7 -2 i€ B-HrE  EAREE JE RN i
Virus Alpha helix Beta turn  Extended strand Random coil
BSV-YN 83.43 0.57 3.43 12.57
BSGFV 83.43 0.57 3.43 12.57
BSUAV 84.18 1.13 4.52 10.17
BSIMV 84.66 0.57 3.41 11.36
SCBV 83.62 0.56 2.82 12.99
ComYMV  73.00 2.50 9.00 15.50
CaYMV 86.71 0.00 4.62 8.67
PBV 88.57 0.57 3.43 7.43
CLNV 82.86 0.57 2.86 13.71
ELSV 87.50 0.00 1.70 10.80
KTSV 83.24 1.73 5.78 9.25
A @_/,k . B
5, ’\LLl )
AR~ % J
D E
@k AAR (oA
I JAKRRAAS )
RS o % / o
G H
$&

BSV-YN (A),BSGFV (B), BSUAV (C),BSIMV (D), SCBV (E), ComYMYV (F),CaYMV (G),PBV (H),CLNV (I),ELSV (J),KTSV (K) ORF I s.

5 BSV-YN ORF I R [ER¥8 =R L5 TR
Fig. 5 Tertiary structure prediction of BSV-YN ORF I and homology proteins

% 6 BSV-YN ORF I X ElR4IRIBEER LA = 55 4
Table 6 Phosphorylation site analysis of BSV-YN ORF [

and homology proteins

i YRR TR BRI
Virus Ser Thr Tyr
BSV-YN 9 4 1
BSGFV 9 4 1
BSUAV 10 4 1
BSIMV 10 3 3
SCBV 7 7 1
ComYMV 13 3 0
CaYMV 8 6 1
PBV 10 6 2
CLNV 12 2 2
ELSV 6 6 2
KTSV 7 7 1

AU AR 9 AN 22 5 2 (Ser, A7 T IKBE %5 3. 14,18
32.33.34.88.103.126 i & RO 4 4 75 A TR
(Thr, 7 T BK4E /1) 55 45.72.148 . 152 {7 & 3L RO A1
1N B8 2 R (Tyr, 7 T K 8E 1 56 27 fr /B R o
BSGFV.BSUAV il BSIMV ORF I s 4 & 5 BSV-
YN ORF T #H1eh. [, #E#l BSV-YN ORF I % 10
A TFVYR B 11 B R A0 = 2 DL 22 R R 5 PR T TR
R E
2.6 EHERMERERXE.ES K X80T 40/ E AL
o

FIH TMHMM 2.0 7£ 26 5 4% BSV-YN ORF |
T [ Y5 B I X S T, 45 2R R, RO Co-
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mYMV ORF [ A BEA7E — 5 I X 35 (73~92 aa) ,
111 A [V & 2 A A7 A2 1 I X 8. FH] SignalP
4.1 Server {E 4 A TN X L6 5 5 #0455 IR X3, 45
AR BSV-YN ORF [ K FEEAMARAGES
Ok IX 42k o

A A AR AR S R A R T e D) AR
55 A AR A R B 20 A i BE R 556 AN R A2 7
Tyt BRIk, 43 47 2 0T 75 20 0 o £ 93 A A5 B0 A S

BT REH A A A % . FIFH PSORTIIAE
2 T BSV-YN ORF T K 1% 10 [A] Y5 & 1 1 3 40 g
SENL, G5 R IE IR (R T, IXLL R PR B [ F B A 40 i %
43 Afi 5 1 ComYMV A1 KTSV ) ORF 1 s 3 43 Hil 7F
P X R BB o A . S5 B B SR B K 1 4y
Mr & B, /1 o #E W, BSV-YN. BSGFV. BSUAV #1
BSIMV [ ORF [ s 755 /8% Gt #2 o 11 40 B %
HORIEVER, I Re S 5 B S B s SR A DI AR .
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Table 7 Subcellular localization prediction of BSV-YN ORF I and homology proteins o,
I 2 4 % 4 )53 LRtk 5 Y HilioN=geY 2 57 EUREAE S EAEER O
Virus Nuclear Cytoplasm Mito ER Cytoskeleton PM Golgi Peroxisoma VM
BSV-YN 60.9 21.7 13.0 4.3
BSGFV 60.9 21.7 13.0 43 - - -
BSUAV 60.9 8.7 43 8.7 43 8.7 43
BSIMV 52.2 21.7 - 13.0 43 43 43
SCBV 78.3 43 17.4 - - - - -
ComYMV 11.1 11.1 11.1 55.6 11.1
CaYMV 60.9 - 39.1 - - - - -
PBV 43.5 17.4 30.4 43 - - - 4.3
CLNV 60.9 8.7 30.4 - - - -
ELSV 52.2 8.7 13.0 - 8.7 43 8.7 43
KTSV 17.4 60.9 17.4 4.3

3% @

H AT, 75 2 2 B0 7 (BSV) 52 () 7 2 2 BER
7399 (Banana streak disease, BSD) £ 7= £ V. A1 4 ]
H XA B A AR A A MR AT R B, R
PN EFE R R EERNEKZ —", 54k,
T BSV J7 1| Ge % & 21|75 21 1 2 A 2H + (endoge-
nous BSV, eBSV) , 7£ 47 i& ) I 8] B8 JH0E 7 B S 1
F, R Ik BSV A& — B 75 10 L 88 K 14 5 1 B EE
B, WPARMW, GRS B FER AR AN BSY
Fh#5 BSOLV .BSGFV.BSIMV F1BSMY'V, fit 5| it J&
L (145 BSOLV .BSGFV M BSIMV®#, 2EF A1/ 5
13211 BSV = M 4r Btk J& T BSGFV, BE it # & 2
T F IR A 7R I8 2 1 264 T SRR 5 gy, 7=k
9 5 kL7 . A Bk, B 5T RN ) B BSOLV . BSGFV
BSIMV X 98 7 5 4% B 2 O BUR AL EE , MR R A AL
Tl BSD A4 7= JE eBSV H AT A EE IR E
SCRTRE AN B

BSV =~ ORFs [ 4 i & A D e i A B, L
BSV ORF [ B[R Yyfe K%, Fih, 5 WS BSV
M= B B RR e T ORF I 31K, 3R F B/ N
528 bp, Fif 175 NREFERR . BT FH RN EERF

F 53 M A EE O R8T, B FEAE T RAHE =
P 43 B PR ) & RE SR B 55 8 T BSGFV fi. A8
[ /&, BSV-YN B4R 5 BSIMV /] ORF [ %1 Ak
B, H L E VR M B ComYMV. CaYMV. PBV.,
CLNV fI ELSV i , % B BSV i & 7F A~ [7] Hh # 47 B
AR FFEE AR 2, R 14 32

T 46,5 BSV-YN ORF I %ati5 8 (A K AP IR 8
JBE () TRV YRR, (1 11 5 AR E A AT BE (1 Th e B AT AE 15
BN, AT — S I EZE O M Ih e ok s iR At i
% . BSV-YN ORF [ K [A]J5 4 H 51 2 2 58 7 41 3
20 PPz BB AH 1%, HASIRW B ORF 1 88 H 2 B2 Pt
o P AR 22 AN K, HoH SR R (Lew) 4 2R (Glw)
FR S R (Lys) 1) & R 2, 1 BEZ R (Cys) 1)
TR NS HEED B SRR
SRS T A — B O 2 5 AT 5 ) B 11 1) o R 25
KR4 Thée . 1 BSV-YN ORF I M [7] 5 & (5 &
B o R A B AR D, DRk, HEWI X 28 [R] 5 25
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