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—EAERE AR EEERRERE
GRS T H & SRt A E 5 &R W g o

BRI E & RAHEEES  £8 ENFE
20 & > ik ZE Carlavirus ~ Cucumovirus ~ Cilevi-
rus ~ Nepovirus ~ Potyvirus ~ Rhabdovirus ~ To-
bamovirus 2 Tymovirus & 2 %5 (Spiegel et al.
2007; Parrella & Lanave 2009; Coutts et al. 2011;
Song & Ryu 2011; Liberato & Zerbini 2019) - 5z
Mihl&E CRH EF R EEN - B (1) 2
AERIH S (East Asian passiflora virus; EAPV)
JHBTE - EAPV-AO BB F 2= 5[#ETE R i 4UR1 R
B REL (Iwai et al. 2006a) ; EAPV-IB 47 8
JERE S DEEDE B BCRR (i S0 181 (Fukumoto et al.
2012) : (2) 5 T #F (5% 5055 B (Cowpea aphid-
borne mosaic virus; CABMV) » Bl Fifg {£ & &
SIREHEEEGIRAY B & R E RN 3 (Passionfruit
crinkle virus; PCV) (Chang & Lin 1989) » ¥1+%%
FA O REREEATR LRBIFEE S ) #
JNEREUHEE (Cucumber mosaic virus; CMV) 5[#E
BE 5 E P E (Liberato & Zerbini 2019) 5 (4) &
HibraUR s (Telosma mosaic virus, TeMV) Fy
TENRBEEER EEHAHE (Chiemsombat
etal.2014) » SIREZER R0 ~ RGN E (L
JREL S (5) 2 & Begomovirus &R 5 @ & BT
L ¥ ER B (Euphorbia leaf curl virus; EuLCV)
FARINEEEFE WK (Papaya leaf curl Guang-
dong virus; PaLCuGDV) > B X & B2 EHE
AR E TR (Cheng et al. 2014) » HFEFER
FEARIR A N 3w o e TE 1 & - R
o (5] B2 1% 58 A2 /Y 5 7 WA S0 £ - BuLCV {&
HEKRE ~ BB IR E R4 » 2004 F15H
B SE AL 4255 B0 (Ma et al. 2004) ; Rt i
EuLCV ] R B EEAAIL (Kil ef al. 2016) -
[fi PaLCuGDV Ji» 2004 4 o1 [ K FE B2 35 5 X
R4 (Wang et al. 2004) » R AE P EIRFENG
BIEHEE -

B SN 2 Hofth 5 S S (Fischer
& Rezende 2008; Parrella & Lanave 2009; Baker et
al. 2014; Liberato & Zerbini 2019) > G5E Potyvirus
J& 2 Passiflora chlorosis virus (PaCV) ~ Passiflo-
ra virus Y (PaVY) ~Soybean mosaic virus (SMV)
Bean yellow mosaic virus (BYMV) Fl Passion

fruit woodiness virus (PWV) ; Tobamovirus &2 To-
bacco mosaic virus (TMV) ~ Maracuja mosaic virus
(MarMV) K Passion fruit mosaic virus (PafMV);
Rhabdoviridae ¥} Cilevirus J& 2 Passion fruit green
spot virus (PGSV) & Rhabdovirus |& 2 Passion
fruit vein clearing virus (PVCV) : Carlavirus
& <~ Passiflora latent virus (PLV) ; Nepovirus
J& < Tomato ringspot virus (TORSV); Tymovirus
& Passion fruit yellow mosaic virus (PFYMV) >
K. Begomovirus [& 2 Passion flower little leaf
mosaic virus Fl Jatropha mosaic virus °

KELWRERZEETRES 2 TER
# o HATREES R ERARNE( AR EREE
HFEEMNA PWV (Wylie & Jones 2011) ~ 275
#y CABMV (Nascimento et al. 2006) ~ ZZ[EHY
TeMV (Chiemsombat et al. 2014) ; [ H & -
B8 ~ P K A R R 5 ot &
EAPV EiZ« Fr 5[ #C (Iwai e al. 2006b; Chong
et al. 2018) - SEEGEHENRNELHEBZ
T F % M B EAPV 1Y AO Z 4 (Chang et al.
2017; Chong et al. 2018) °

TeMV B Potyvirus J&ER 5 ° B X {1 Ha et
al. (2008) #6F 0] Bl T AL (Telosma cordata)
SIEHREURE C BREIEEF R 2014 EREFRH
A5 ERERER RO RERELE
Ak (Chiemsombat et al. 2014) o 3T & 38 gr |
[ B TeMV AP EHE R - G
K (Xie et al. 2017; Chen et al. 2018c¢; Yang
et al. 2018) FIfEZ 2017 F 11 HEEH &
BEHERZ TeMV > EFRTHREEEZR
G EHE Y5 4 % 5 (https:/phis.baphiq.gov.
tw/WebEvery.nsf/AttachFileView/36DCDB-
CA374F9E1B482581E700111112Form0?Open-
Document&page=Center) ; [GIFH » & /& & H
(Chen et al. 2018a; Tsai et al. 2018) 2 2017—
2018 FHIM B REER LHEILRE - UK
48k b TeMV )37 L EIEHAREE (Ha et al.
2008) ~ EEEEE (Pogostemon cablin) (Noveriza
et al. 2012) ~ BARABH (Senna alata L.) (Yao et
al. 2019) FIHEH (Xie et al. 2017; Chen et al.
2018c; Yang et al. 2018) -

AT A B 4G R R E TeMV-
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AHFFEERA 20172019 FEHIRE - HEIAHY
P 5 30 B R 5 5 I I A S B FH R A Y Te-
losma mosaic virus (TeMV) 27 F TR 404 »
> gk & B o B S B (Reverse tran-
scription-polymerase chain reaction, RT-PCR)
o W] Bl 508 o B bR AT 5 Et 09 TeMV 5]
¥ (TwTe650u/TwTe650d) (F 1) K FEH #E AT
B Hoop 5 DCo R4l sk N =%
(Chaenopodium quinoa) #1773 WEBE 77 B -
JE1S TeMV-DC6 7 4l Z 77 B o JKF L 70 Bl
PEME Y = A RS AR GUEGIR (B 1B) - BETR
HU TeMV-DC6 i B R 1T 5 = R E RN
Aoz W BT B E Fe ol B - MHBA & R 4
SRR PRI IE R E 50% (v/v) HOH
o fREFIR -20C MR ER N -
EEIE SUWASE e ST ik

2019 4 3 HVEE Y 84 (Bangkok) - 5
# (Chiang Mai) f175%¢ (Chiang Rai) Z# >~
HERHERNER 4IRS (B 1C-1D

# 1.

Table 1.
reaction.
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IE-1F) > SV BEBITHRERZEGH
Y E R E R 2 TR EE Y R R Y) S
A A MR A (B AET TR 9T 108-V-
500) - F B E B SR AR R N TR
MBS o SR SE BT E DUS i & B 75
(121°C ~ 20 min) A1 RHETT R SR ELSH B

HEE AWM RMKIRE TeMV-CP REZ
TCIEE R

AR 2016 AR B A 1) AR 35 H TeMV I
%% GenBank £ 5 §% 2 FE H F F TeMV #
EH R NA (coat protein gene; TeMV-CP) &5l
ZHE R AR RN BRAE (EEEIL
) #EITH2REE CPZERARK > WHEER
pET28a (+) & #% I (Novagen, Inc., Madison,
WI, USA) - E#E 5% & pET-TeMVCP - fii &
2R B BaAHERREE CP 2 816
{Ef% 5 (nucleotide; nt) fz CP L HELAX (115
(TAA) ~ 2 TERFIEGVIAL (5° Uit Z Neol K137 Ui
=~ Xhol YIfir) -

# pET-TeMVCP & S A i E. coli strain
Rosetta (DE3) » #: {7 TeMV-CP 7 F IR E H 5
BEAAL - MR A2 B RS #
7 (Chen et al. 2018b) - 4i{Lf4[ TeMV-CP %
WER - HPUFERBEEHE - N7 E2EEA$ LA
T Potyvirus BB LIS (Agdia Inc. Elkhart,
IN, USA) Wl > 787 sl At B 2 08 DA
TEWFFC$R 25 37T (Chen et al. 2018b)

#E— o 5 R T E A %30 TeMV-CP 2 58 JH
PR BT RERFED ZHEELAE (Li e al.
1998; Chen et al. 2018b) » B 4li{b 2 FRIREH
FE4E A 1 mg mL” DUECRPUR - 1650 EKIZ

JE R S i - B S g s 5 S FE LU Telosma mosaic virus Z 51T FP51

The primer pairs used for the detection of Telosma mosaic virus in reverse transcription-polymerase chain

Primer pair Primer sequence

Annealing temp. Amplicon (bp)

1. TwTe650u 5S’GTTGAGCAACTCAAAAATC 3’ (19-mer) 52°C 650
TwTe650d S’TTT TATTTGTAGTGCCAAC 3’ (19-mer)

2. ThaTe430u 5’AGAAGCCTGGGGCCACACA 3’ (19-mer) 52°C 430
ThaTe430d 5’GCCTTTAACCATTGGAAGA 3’ (19-mer)

3. TwTha840u 5’GAAAGTGCATTGAGAAAGC3’ (19-mer) 52°C 840
TwTha840d 5’CATCAATCCAAACATCTT 3’ (19-mer)
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Taiwan

Thailand
(Bangkok)

Thailand
(Chiang Rai)

1. BENEREHME EERB LR Telosma mosaic virus (TeMV) S 2R - (A) BEMRRERREEGRAY
FAHAL ¢ (B) TeMV-DC6 #£f# )1~ (9 & R EE A 2FEEUENIR ¢ (C -~ D) S 7 (Bangkok) A1 (E ~ F) ZREIHH
(Chiang Rai) -2 IR IRREAE LR #EUHEE -

Fig. 1. Symptoms of Telosma mosaic virus (TeMV)-infected passiflora in the fields of Taiwan and Thailand. (A)

Uneven greening and woodiness on an infected fruit and (B) TeMV-DC6 inoculated Passiflora sp. showing mosaic
symptoms on leaves. Symptoms of woody fruits and mosaic leaves on diseased field passionfuit plants collected in (C,

D) Bangkok and (E, F) Chiang Rai, Thailand.

EVRARAE (GEKET) ETEHE 1
R~ HEE 4 wk B R R DL % TS -
TeMV-CP 37T H188 < 2RI 2 SR
a2 I indirect enzyme-linked immuno-
sorbent assay (indirect ELISA) )£ (Clark & Adams
1977; Chang et al. 1988; Chen ef al. 2018b) » #E
T2 MRS Sn Bl TeMV-CP Zotife 2 [ IE © Ryt
(RENSELE DI -2l v & SRRl = e U
H4E 2017-2018 F R EIN HE H &R HREZ 9
{8 TeMV 7y gtk - FIAWTFL = (77 2 R [E Poty-

virus R HERAEER (% 2) - B B8k
AR E &R 2 potyviruses » F1fE EAPV -
CABMV ~ BYMV K SMV (Fischer & Rezende
2008; Parrella & Lanave 2009) - B{ 0.1 g 257
IR i 4H ST R S B 2R EDL
150 pL/FL 2 ELBI0 AR B 1 mg mL™ 2 [
M gk % i B2 2 B2 (p-NPP) (Amresco, Solon
Ind., Solon, OH, USA) #{7 - ZfE 20 min % »
DL ELISA zE{H % (PTI max microplate reader,
Molecular Devices, Sunnyvale, CA, USA) :&
HUR & 405 nm T 2R UL {E - 7F HebflimsEs
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2. FIHYEF IR Telosma mosaic virus § 2 5
T (B 2 T HUAG I AT 12 e 22 2 o0 P IR BT o A
(indirect-ELISA) #& 0K [E] Potyvirus [ETH 552 S5 ©

Table 2. Detection effeciency of the polyclonal anti-
body produced with bacterial expressed coat protein of

Telosma mosaic virus on various potyviruses in indirect
enzyme-linked immunosorbent assay.

ELISA reading
Antigen” (Asosnm)’
Telosma mosaic virus (TeMV)-DC6 1.64
TeMV-DC3 1.27
TeMV-DC4 1.39
TeMV-DC33 0.41
TeMV-LSS18 1.42
TeMV-LSS30 1.38
TeMV-WESI 1.42
TeMV-WFS2 1.89
TeMV-WES4 1.72
East Asian passiflora virus (EAPV)-AO 0.86
East Asian passiflora virus (EAPV)-1B 1.13
Cowpea aphid born mosaic virus (CABMV) 0.54
Soybean mosaic virus (SMV) 0.70
Bean yellow mosaic virus (BYMV) 0.38
Lily mottle virus (LIMV) 0.50
Turnip mosaic virus (TuMV) 0.20
Zucchini yellow mosaic virus (ZYMV) 0.46
Ornithogalum mosaic virus (OrMV) 0.47
Butterfly flower mosaic virus (BFMV) 0.38
Potato virus Y (PVY) 0.57
Basella rugose mosaic virus (BarMV) 0.30
Dasheen mosaic virus (DMV) 0.89
Konjac mosaic virus (KoMV) 0.44
Zantedeschia mild mosaic virus (ZaMMV) 0.50
Papaya ringspot virus (PRSV) 0.63
Positive control (BEP) 1.87
Healthy control threshold 0.21

“ Tested potyviruses are stock materials in the laboratory. Nine
TeMV isolates were collected from passiflora fields during
2017-2018 in Taiwan.

* The absorbance values were an average of two replicate
wells. Samples with ELISA readings lower than the healthy
control threshold were considered undetectable by indirect
ELISA. Positive control is the bacterial expressed TeMV-CP
(BEP).

FEE R 2RSS - BREBOLE AR 2x Z (EFEE
RBOEEE > HEBIERE -

FeoH 1

A 3 s EFR D

Zﬁnﬁ%ﬁf% 9 {8 &8 sy MR 17 {1 2= B
TTEERRETTEE 3T Im B R e E R AT (BR
3)> */F%f%ﬁDT :

M4l - HL 0.1 g 2 32 MR 4H A A ot
4% e & L Y 1% % 0 & 25 BB 4H. (Plant
Total RNA mini Kit, Viogene, Viogene-BioTek
Corparation, Taipei, Taiwan) 5 BE » #E{T{it
A AR 2 B L EE (total RNA) 2
ZEHY

B0 BE RT-PCR % © DL4i{E AT/ Z RNA
R fEA 0 DL Potyvirus B 5 < & pF =5+ %
HRP-5/0ligo-dT,,,, (5’ATGATHGARKCNTG-
GGG3’/5>GCGGCCGCTTTTTTTTTTTTTT3?)
(Pappu et al. 1998; Chen et al. 2006) #{THH 5
BLRIRG 37 14y 1.3 kbp #% 8% 7 B: 2 B0 B RT-
PCR [Z [ - RT-PCR {{ & & %l 4 (Invitrogen
Co., Carlsbad, CA, USA) 2277 » ¥ — 25
pL REFER T3 A0 A 1 L 248 RNA ~ 12.5
uL 7 2x Reaction Mix ~ 0.5 uL 7 SuperScript
[T RT-/Platinum Taq Mix ~ % 1 uL 2 10 uM

RIS A1 9 uL 2 DEPC-treated wa-
ter - FTARBEDE S % PNEAEER K IER
(Biometra T3000 Thermocycler, Biometra,
Gottingen, Germany) F#E1T - 3% E K EREF
By 50°CTL T K2 $% 30 min ~ 94°C 8 4 2
min ; Z 1% #1726 {fl PCR IR JE - 94CF
%M 1 min > 52 CTFH&E50s RCTEHEE1
min 30 s> B —HEERE 2 RCERERELE
By 6 min o 7 FE4S S DL 1.2% T % (SeaKem,
Agarose, Cambrex Bio Science Rockland, Inc.,
Rockland, ME, USA) #1773 A7 HIFE4S F -

%l R BEBETE MR H B e 5 o i DA
HRP-5/0ligo-dT,,,, 5|+ HFrigiE iy 1.3 kbp
%5 ES o #E5E > pGEM-T Easy Vector Sys-
tems #; 55 F (Promaga, Madison, WI, USA) »
B 58 Y & A LR E 8- A7 51 (insert sequence)
VAR AL E Fp A F (HIAEYIRHYAR
AHE > GEGIET)  DEBKEEFES T
BB TR BB E AT -
fiff 15 F£ %1l LA Vector NTI Suite (InforMax Inc.,
Bethesda, MD, USA) 73 #r#HG 1T 73 41 - i
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3. REHIRN Telosma mosaic virus T & 557 B 2 85 55 A K IR B AL % 5 AHTE] RS L -

Table 3. Sequence identities of the nucleic acid and deduced amino acid between the coat protein (CP) gene of the
Telosma mosaic virus (TeMV) Thailand isolate Pangda 15 from Passiflora sp. to that of those TeMV isolates available
in GenBank.

% Identity”
Acc. No.” Source & isolate Length of CP nts CP-nt CP-aa
AM409188 Thailand/Pangdal5 816 100.0 100.0
NC_009742 Vietnam/Hanoi 816 86.0 89.0
MH137276 China/YNI 816 87.6 90.1
KJ789129 China/GX1 816 91.1 94.5
MG944249 China/PasFru 816 922 94.5
MN316594 Taiwan/DC6 816 91.4 93.8
MH500098 Taiwan/DC3 816 90.9 93.0
MH500099 Taiwan/DC4 816 91.3 93.8
MH500101 Taiwan/DC33 816 91.2 93.8
MHS500102 Taiwan/LSS18 816 91.4 93.8
MH500103 Taiwan/LSS30 816 91.4 93.8
MH500104 Taiwan/WFS1 816 91.3 93.4
MHS500105 Taiwan/WFS2 816 91.4 93.8
MH500106 Taiwan/WFS4 816 91.4 93.8
MN384677 Thailand/TL1 816 87.9 91.9
MN384678 Thailand/TL2 816 87.6 91.5
MN384679 Thailand/TL3 816 91.2 94.5
MN384680 Thailand/TL4 816 87.7 91.4
MN384681 Thailand/TL5 816 89.8 92.6
MN384682 Thailand/TL6 816 91.7 94.5
MN384683 Thailand/TL7 816 91.5 93.8
MN384684 Thailand/TL8 816 89.7 90.1
MN389475 Thailand/TL9 816 93.6 94.9
MN389476 Thailand/TL10 816 87.9 91.5
MN389477 Thailand/TL11 816 88.1 91.9
MN389478 Thailand/TL12 816 87.5 91.5
MN389479 Thailand/TL13 816 91.7 91.2
MN389480 Thailand/TL14 816 90.6 91.5
MN389481 Thailand/TL15 816 91.8 94.5
MN395825 Thailand/TL16 816 87.0 90.1
MN395824 Thailand/TL17 816 87.3 90.4

“ The sequence of TeMV isolate Pangda 15 (AM409188, Chiemsombat et al. 2014) was used for leader comparison. TeMV isolate
Hanoi (NC_009742) was isolated from Telosma cordata (Ha et al. 2008); and TeMV isolate YN1 (MH137276) was isolated from
Senna alata L. (Yao et al. 2019; direct submission).

* Percent identities (%) of the respective nucleotide (nt) and deduced amino acid (aa) sequences were analyzed by the Vector NTI
Suite (InforMax Inc., Bethesda, MD, USA).
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B 55 B 22 A2 W) RHRCE AR L (National Cen-
ter for Biotechnology Information; NCBI) %
WEFHE (GenBank) £ #HY TeMV 532 .2
CP #ZH M AR 7 ETT EL o A7

TeMV-DC6 Dtk E REER B %R
EIBRFY D

FEANTFE 2 TeMV-DC6 77tk » DAHAK
3REFEIEE > WEHNAERZIERE
Fi Pl L 4 B 0% R AR - 5 DL HRP-5/0li-
go-dT ., 5| F#FTigiE 25 3° Iq&YJ 1.3 kbp
%% 7 BRI 51 B EERE » B GenBank &R} EH
FEB#Z 2 EE TeMV K HRRFYILLE > 5
ST EIEHIERED (polyprotein) %% 2
W TS T E AR EEEE R 2
TeMV-DC6 [7 5l {if5% 5t - LA RT-PCR JARL &
A5 40 & (B 2B) » H TeMV-DC6 #% %
Fe5l 37 UdE 5 Ui 2 75 [ e S A 1T AR S iR &
REMKRE 75 2 vhiE ~ BEEEEF (8 2A) - 5%
SHE RS T B4 & E1E 5 Tellu/Tel1045d
Te976u/Te3155d ~ Te2697u/Te3770d -
Te3626u/Te5001d ~ Te4911u/Te6699d -
Te6642u/Te8397d ~ HRP-5/0Oligo-d (T),, * 5|+
Z P 5 EEAfE 2B o B BR RT-PCR HY 1 2 £5
GRS B EREE > Fr Te2697u/Te3770d >
42°C/50s R HETTIN » A& 5[5 2 a0
FE (& 4 By 52°C/50s

P REARNES Y B > B L &R H
S| FAHIRAT S 2 %/ 7 B fEZEY pGEM-T
Easy Vector Systems » 28 &% HH &5 R E R B
ZHRAFPYIBEEE S 3 E - T EH B ERF 77
Mo IRHARNE Y 5 WZERFT > B %
stEHEAS]T (S Tellu) FHIFRE &R 2 18
EZE i -

TeMV DBtk < $55 AR DT

AHWFFE L RT-PCR V% » 43 Al & & R
HEZHE R TeMV BEHALLE - Ll Potyvi-
rus J& 1% 5 0§ 0f 2057 ¥ HRP 5/0ligo-dT,,,
HETTH 37 154 1.3 kbp %% 1 B3 i B8 7
BT HIRE 7 - BEFHTE CP B 2 %
& F1fE F /e F 51 - B Vector NTI Suite 43 H7H#K

rere

]
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B HETT P AR (% identity) 53# 0 ST
JA G [ (4 77 1T (phylogenetic analysis) > <5
Tomimura et al. (2003) Fr3 REVITEMETT - Fr
HFEH 400 CLUSTAL X version 1.8 (Thomp-
son et al. 1997) 253 171% > FEFIF PAUP 4.0
22 > DL neighbor-joining (NJ) J7 )2 i H 3 4%
Bi{&f5 > di45 4 BRM 2 (bootstrap resampling
method) (Felsenstein 1985; Thompson et al.
1997) R RA A D BERY SR E TR -

aENERERIFE L TeMV D aEtkE RIS
¥ EZETELAEIET

KBEFRIMINHAM Ry IME
& TeMV 73 Btk » F1 17 (&2 2 53 B R P g 15
Z 37 I 1.3 kbp #% H B ¢ Fl ek st AN E 2 5]+
o A TRE BN 518 TwTe650u/
TwTe650d ~ TZEER T EERR, 5] T-%f ThaTe430u/
ThaTe430d ~ DL ] [B] I A ORI fi 3t 2 765 8 2%
B 47 e fk 5] 7 % TwTha840u/TwTha840d -
FERE S e 9 R S IER A s e Rk 1 - UG BRI
ZEBRE 2 BT R BRAEAS > At HE2EMK
TR AEAR 4 7T B 20 B RT-PCR KZJE » [ZJE K57
2 W E i WA E 41 # 17 (Invitrogen Co.,
Carlsbad, CA, USA) » W FEW&H B S0C T
AT E S 30 min ~ 94CE M 2 min 5 Z &%
77 26 & PCR fEEE K JE © 94°C N &4 1 min
52CTF & 50 s 72C &S 1 min 30 s » #x
T— (8158 2 T2CHE R EL R R 6 min © 7
JESE R LA 1.2% BEKIBB AT /i HIEEES R -

B4 [T AR 2 AR R B E Y TRAS
71 Bl & TwTe650u/TwTe650d £ 650 bp ~ Tha-
Te430u/ThaTe430d £ 430 bp ~ TwTha840u/
TwTha840d £ 840 bp » {5 0 i Z FE V) 5F f&
BUHE T H IR -
2R TeMV DA S| Ht@HIS
EHEEERBERERZ YR

At @I 2 3 40 TeMV 5] % (TwT-
e650u/TwTe650d ~ ThaTe430u/ThaTe430d Al
TwTha840u/TwTha840d) §A & & F1Z2 K TeMV
TIEERR Aol B - W BB RS TeMV
ZHEHBERKEEm - WHZEE 17 {8 TeMV 755
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(/\) 5’NTR 6k1 6k2 3’NTR
e P1 |[HCPro| P3 [] clP [[wvg] Nla]  Nib | CP |am
1 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
| | | | | | | | | | |
, , HRP-5_ 1.3 kbp Qligo-d (T)14
5 Te11u, 1.0 kbp<_§ Te1045d —> P<—
I
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(B) 5’Te11u: 5’-CAACTCGGCAAGACATAAY

5°Te1045d: 5’-GACGGCTTTCTTAGGAGT3’
Te976u: 5’-GATGTGCTGGGTTCAAC3’
Te3155d: 5’-GCTGTTTGAGGCTTCTG3’
Te2697u: 5’-AAAGATCAGAATGTGGCTAJ3’
Te3770d: 5’-CTGTTGGTTCCTTACTTGTG3’
Te3626u: 5’-TGAAAGAAGTGATGCYCTCT?3’
Te5001d: 5’-TGCATRCTCCCATCATATTTJ’
Te4911u: 5’-ACAACAAATMTKYTKTCCAZJ’
Te6699d: 5’-TCTGAAACTGTTGCYCTA AG3’
Te6642u:5’-AGTCCA AAGAAAGAAGAGAG?Y’
Te8397d: 5’-TCTGTAARCAATTCWGTRTG3’
HRP-5: 5’-GCGGGATCCGTNTGYGTNGAYGAYTTTYAAYAA3’
Oligo-d(T)14: 5’-GCGGCCGC(T)14

2. Telosma mosaic virus DC-6 Jr 8R4 &[S H N RS Mg B RE S R0E -

Fig. 2. The strategy for determining the complete RNA genomic sequence of Telosma mosaic virus DC-6 (TeMV-
DC6). (A) Schematic representation of the genetic structure of TeMV-DC6 and the overlapped cDNA fragments am-
plified from reverse transcription-polymerase chain reaction (RT-PCR) by the designed primers. Black bars represent
length of amplified DNA fragments. (B) Sequences of the primers used in RT-PCR.
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3. JEFHAE KN B FE W Telosma mosaic virus
(TeMV) b &4 #3552 (1 2 SDS-PAGE ik K. 7 /7
SRUEDIHT o (A) TeMV @& ERIEH (30.1 kDa)
Z SDS-PAGE & HH 8k E - =2 HIEE 573 778 (B)
H %2 TeMV-CP % JTHifie ~ (C) Agdia /A & i fh 2
Potyvirus BLHEHBHE (775 )7 BESE T - (TM : 28
85 T2 17 pET : 4IEFH 2 pET28a (+) &
H CREAEHBHHER) § 17 BEP : fiERE ZHH
BYE L 7 BEP: 4 {bik  ATE IR HBES -
Fig. 3. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting
assays of the bacterial-expressed coat protein (CP) of
Telosma mosaic virus (TeMV). (A) A 30.1 kDa bacte-
rial-expressed fusion protein of TeMV-CP (lane eBEP)
was observed in the SDS-PAGE assay. (B) The poly-
clonal antibody of TeMV-CP prepared in this study, and
(C) the purchased monoclonal antibody of Potyvirus
from Agdia were used to react with the bacterial-ex-
pressed TeMV-CP. Lane M, protein markers; lane pET,
IPTG-induced bacterial cell lysate containing the ex-
pression vector pET28a(+) without TeMV-CP insert;
lane BEP, IPTG-induced bacterial cell lysate containing
pET28a(+) with TeMV-CP insert; and lane eBEP, the
purified bacterial-expressed TeM V-CP.
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fl DC33) ~ & th A J5 B & (LSS18 1 LSS30)
Bl 5% & & (WFS1 -~ WFS2 ~ WFS4) - % 3 fip
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(840 bp)

& A Telosma mosaic virus (TeMV) 28—V F1EE 5 M 5 [ 5 54 S i 8% - 5 4 1 #4682 € (RT-PCR) 1

MG B AR E HF TeMV 73 BEE 2 i@ H8UR o DL — 15[+ # (TwTe: TwTe650u/TwTe650d F1 ThaTe:
ThaTe430u/ThaTe430d) F1EE340M:5 [ T-%F (TwTha: TwTha840u/TwTha840d) H#4iliE H 2 TeMV #1455 ESEYI A/ »
TR 7351 K5 650 bp ~ 430 bp F1 840 bp - 7 M : 100 bp DNA FEREAZ < 17 DC ~ LSS F1 WFS : G [E HES
ZEE RS (DC HEATEH ~ LSS [ & - WFS il ) © 17D : HER TeMV MR EH T 5 17
H : (FEE RS -

Fig. 4. Efficacy of the designed Telosma mosaic virus (TeMV)-specific primer sets (TwTe: TwTe650u/TwTe650d
and ThaTe: ThaTe430u/ThaTe430d) as well as the TeMV-general primer set (TwTha: TwTha840u/TwTha840d) in
reverse transcription-polymerase chain reaction (RT-PCR) detecting TeM V-infected passiflora samples collected from
various locations in Taiwan. The expected size of amplified cDNA of each primer sets, i.e., TwTe, ThaTe and TwTha,
are 650, 430 and 840 bp, respectively. Lane M: 100-bp ladder DNA molecular marker. Samples of lanes DC, LSS and
WES: TeMV isolates collected from various locations in Taiwan (DC, Nantou Puli; LSS, Houli Dist.; WFS, Wufeng
Dist.); Lane D: TeM V-infected passiflora control; and Lane H: healthy passiflora.



EER TeMV % K Asl 57

kbpM 1 3 5§ 6 7 8 9 14 15 D H 4 10 11 12 13 16 17

1.5
1.0
0.5
0.2
1.5
1.0
0.5
0.2
1.5
1.0
0.5
0.2
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2R B A Y A& IR TeMV o3 Bk 2 A 80 o DL — MRS % (TwTe: TwTe650u/TwTe650d A1 ThaTe:
ThaTe430u/ThaTe430d) FIEERM:5 [T} (TwTha: TwTha840u/TwTha840d) #4iE 4~ TeMV %18 A EXEY) K/
AL 535 B 650 bp ~ 430 bp #1840 bp = 7 M : 100 bp DNA ’fﬂf%@fﬂffﬂﬁ 17 1-17 : R EHEL (25~ 58
) Z A ERFEFAEE 17D - TeMV FRAHARIES IR © 17 H © (R & RAHE -

Fig. 5. Efficacy of the des1gned Telosma mosaic virus (TeMV)-spec1ﬁc primer sets (TwTe: TwTe650u/TwTe650d
and ThaTe: ThaTe430u/ThaTe430d) as well as the TeMV-general primer set (TwTha: TwTha840u/TwTha840d) in
reverse transcription-polymerase chain reaction (RT-PCR) detecting TeM V-infected passiflora samples collected from
various locations in Thailand. The expected size of amplified cDNA of each primer sets, i.e., TwTe, Thate and TwTha,
are 650, 430 and 840 bp, respectively. Lane M: 100-bp ladder DNA molecular marker. Samples of lanes 1-17: TeMV
isolates from Bangkok, Chiang Mai and Chiang Rai in Thailand; Lane D: TeM V-infected passiflora control; and Lane
H: healthy passiflora.

TwTe primers
(650 bp)

ThaTe primers
(430 bp)

TWTha primers
(840 bp)

g2 NH L IEEE TeMV i (8 4) - (3) BESITHiEEa - E8ES T
ﬁﬂ TwTha840u/TwTha840d 2| T- ¥l EF ke 4 2 Z B TeMV 43 8 f% (TL5 ~ TL6 ~ TL7 »
HEERZEE R TeMV Sy gk 2 50R - TL14 f1L15) ([& 5) EU%E%%LE@@%E#@%

B ([ 6) A &M
SENIZRE TeMV D BEKC SBBRR DT B B @g 122 B 6 7

HREMREATESE Z HERAE TeMV 5w sy 5 & £ TeMV 5 BB (L -
SrEERR > DHERE CP ZIEMPIIETE Bamg2ar; MOUEEREEE X
B RONBGH G - HEEREE OISR 2% 7 F % TeMV-Pangda 15 43 5 k51
Bon (18 6) : (1) AWIFLHEETHEZ TeMV- (AM409188) (Chiemsombat et al. 2014) HIf &
DC6 55 9 {73 @k > 1t RT-PCRAGIM T IR AsBpprin il 2 4 @AIZEE TeMV 23 Bibk 2
PiZRE 5| T-#f (ThaTe430w/ThaTed30d) SZIEE  4pl(zinsis (8 6) -

430 kbp FEYIS) + ELICHS EER B
A2 R FE M AFER Q) & VSR TeMV DB 3 #5211

Wi 17 BRES kT s TRy AHERERAERERERMZEENR

FH K IE > HEE A G ES]F 5 (TwTe650u/ 2017-2019 AR » FEE R G B0 1
TwTe650d) fZfEZ (TL2 ~TL4 ~TL10 ~TL11 ~ B E AHETEHE SdfE EENEKE
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Table 4. Efficacy comparison of the designed Telosma mosaic virus (TeMV)-specific and TeM V-general primer sets
in reverse transcription-polymerase chain reaction detecting TeM V-infected passiflora samples collected from Taiwan

and Thailand.
No. of samples positively detected in RT-PCR by”
Field Sample no. TwTe primers (650 bp)  ThaTe primers (430 bp) TwTha primers (840 bp)
Taiwan
1 12 12 0 12
2 3 3 0 3
3 7 7 0 7
4 4 4 0 4
5 4 4 0 4
6 1 1 0 1
7 3 3 0 3
8 10 10 0 10
9 5 5 0 5
10 4 4 0 4
11 5 5 0 5
Total 58 58 0 58
Thailand
Bangkok 12 9 7 12
Chiang Mai 3 0 3 3
Chiang Rai 2 0 2 2
Total 17 9 12 17

* Taiwan primers (TwTe, TwTe650u/TwTe650d) and Thailand primers (ThaTe, ThaTe430u/ThaTe430d) are specific primer sets
while the Taiwan-Thailand primers (TwTha, TwTha840u/TwTha840d) are general primer set for detecting TeM V-infected Passi-
flora samples. The size of predicted cDNA fragments are 650, 430, and 840 base pairs for the primers Taiwan, Thailand, and Tai-

wan-Thailand, respectively.
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ERE]
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BTk TeMV-DC6 2 2= = J& 5L N B 8 Fr BRSO -
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AM409188 Thailand
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{0033
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Fig. 6. A phylogram derived from the analysis of genetic distances based on the amino acid sequences of the coat
proteins of different isolates of Telosma mosaic virus infecting Passiflora sp. from Taiwan, Thailand and those are
available in GenBank. The tree was constructed using the neighbour-joining (NJ) algorithm with the bootstrap res-
ampling method (1,000 random resamplings), using PAUP 4.0. Numbers at each node indicate the substitutions of
bootstrap samples. Horizontal branch length is drawn according to the scale bar indicating 5 substitutions per 1,000
amino acid positions. Isolates available in GenBank from Senna alata L. and Telosma cordata were the accession no.
of MH137276 and NC 009742, respectively.
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SIEHHERYEE | 8 &UEUIR (B 1B) (Chen et al.
2018a) > FF{RE PR H 2 KRG RE
RE S A M RIS IRV R B R -

HHEEERATULEZ 9 @ TeMV &7E 5>
etk BHZEE O ERITES 2 17 {(#7BEPE
EITEG S iTtb Y BR & BRI TeMV
SIBNAFEEGE - B T L
A R [E 5] F ¥ DL RT-PCR # HI & 53 F 6 45
GEmeE (E4) DEEs % (TwTe650u/
TwTe650d) o] H %k H &8 7Bl > iZREs|
F-¥t (ThaTe430u/ThaTe430d) Hij 4 3 4 4 i
(B4~ % 4) - HELUREESTHELGEZREH
(9 & % M 5] F % (TwTha840u/TwTha840d) »
AIFTHE RT-PCR VA& B & 78 77 bk « AEIERY
208 - SRR A 2% > ZHLL TeMV-CP /Y
P L I e F MU 4% Bl 5 0 A A RERERE 70 B R HY
g3 (1 6) » SR X I 7 51 EE i 0 S5
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K8 - AIESERE E T IEHERY 8 E 45 5 (Ward
et al. 1992; Adams et al. 2005; Gibbs & Oshi-
ma 2010) -

BEMZEE TeMV Bk B AL EAVE
&R (18 6) - H Y RT-PCR R flliA P IR
DIZZEE TeMV 5] ¥} (ThaTe430u/ThaTe430d)
A AR AT E MR 9 (B &8 sy Btk ([ 4)
& EHBRY 58 8 TeMV Rk i (£ 4)
T EE M E I E Z HE R TeMV Y77
TR o TRPBEIAREEE L #EH TeMV 73
B BT EAEmMA TR KEE—F
FZ TeMV 73 Btk Al AH [ 73 1B (Xie et al.
2017) o [5]— fé Jp 25 PR 3t 34 50 A7 i B B0A [F) 3
FARRMEAR BT ENEG RS &
%% TuMV (Ohshima et al. 2002; Tomimura et
al. 2003; Gibbs & Ohshima 2010) I Gloriosa
stripe mosaic virus (GSMV) (Chen et al. 2018b)
% Potyvirus JR B e

HRIEH4L %2 TeMV £ & EZH BT
FI - B KR 2 B & 5 TeMV-PasFru 57
% (Acc. no. MG944249) (Yang et al. 2018) Fl
HEE 2 R & {G TeMV-Hanoi 43 B 1 (Acc. no.
NC 009742) (Ha et al. 2008) ; AH5E 2 TeMV-
DC6 73 BefREL[E Fy 5 & 2 TeMV-PasFru 53
Bk 2 KB B e AR e B AH ) B2 = 22 97.2% o
EAEAR EThREE A Z UM B sk iz ok 52 &= M
A » {H Bk me 8% 3% 2 X & {€ TeMV-Hanoi 77
BBk 2 M E FE 80.2% » HLZ& (4 Wil % 3% V1) A
P3/6k1 (VTTQ/G) ~ 6k1/CIP (VRAQ/S) #1 VPg/
Nla (VTITE/S) H7EHE » #E—DHRHEE R L
IR Z TeMV g s 0 EDR A4S o

GELEZATREH AR R
BlR (FEMEENZER)  HREECHE#
4 TeMV Z &0 8% o AW S0 48 85 7l &5 08 o B
e IkBER MR GE N
TeMV # A B 52 il - <F =T JE R 7% 76 5 i ot
BlSME - BB ERERRERREZ Fi# - 6
B H AT E T R T S A A S A S
A EE PR B TR Y — AR AR R R 0 By
BB SR SERE I R ST i 25 B Y A SR R
fly = EHERZK - FPERFHEREE I NZELE
R HERGEBATREERMETMTEH 5
BRI E TS FEEES A EEIL

B o AWHFERThE 8% 2 TeMV % orhife ki 3 44
Bt M5 [T H 2R » bR T e EERIN S E
BRI E T 2 MU E RS 5 -
BEJE F AR FH & B B TeMV 1Y 5 I g i 62 88
ERES) » THH A G RN G EMZE
TeMV ZrEERk - AWHFEER A5 [T H A2 7t
IR EIZE TeMV Y IERES Bl & % as -

KA R AREFFET R EHEFEES/N
M 2 hisa s TEREEZE
GEEYERER 2017 FE R REERE
T B & 4 B 25 FE ST 28 (106 2 F}-9.4.1-
f-B3(1)] FIfTE TR ¥ Z B & 2018 R
W3 R S R S Bl (B B L IEFET =
(MOST 107-3111-Y-067E-016) = 48 2% % Bf »
o It —PF 2L -
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Molecular Characterization of the Telosma mosaic
virus Passionfruit Isolates and the Development and
Application of Its Wide-Spectrum Molecular Detection
Techniques

Wen-Li Lee', Chinnapan Thanarut’, Chih-Cheng Hsu®, Guo-Chi Lee®, Fen-Lang Chiang’, and Chin-Chih Chen®*

Abstract

W. L., Lee, Chinnapan Thanarut, C. C., Hsu, G. C., Lee, F. L., Chiang, and C. C., Chen.
2020. Molecular characterization of the Telosma mosaic virus passionfruit isolates and
the development and application of its wide-spectrum molecular detection techniques. J.
Taiwan Agric. Res. 69(1):46—64.

In this study, a polyclonal antibody against Telosma mosaic virus (Ab-TeMV) was prepared from
the bacteria expressed TeMV coat protein gene. Ab-TeMV had a broad-spectrum detection efficiency for
the potyviruses of TeMV, East Asian passiflora virus (EAPV), Cowpea aphid borne mosaic virus (CAB-
MYV), Bean yellow mosaic virus (BYMV) and Soybean mosaic virus (SMV). The full-length genomic
nucleotide sequences of TeMV-DC6, an isolate infecting passiflora in Taiwan, was determined (GenBank
accession number MN316594). The incidence of TeMV on passiflora in fields of Taiwan during 2017—
2019 was 32.1 to 35.8% by serological and molecular detection reagents of TeMV prepared in this study.
Moreover, only TeMV was positively detected from those 17 virus-infected passiflora samples (showed
symptoms of leaf mosaic and woodiness fruit) collected from Thailand. The CP amino acid sequences
of those TeMV isolates collected from Taiwan and Thailand’s passifloa fields shared higer than 90%
identities with that of the known TeMV (AM409188) in GenBank. However, the phylogenetic analysis
indicated that TeMV isolates of passiflora from different geographical locations are different in phyloge-
netic evolution, because 9 Taiwan isolates are closely related and separated from those 17 Thailand iso-
lates. Three sets of primer pairs were designed based on the aligned nucleotide sequences of Taiwan and
Thailand TeM Vs, and used in reverse transcription-polymerase chain reaction (RT-PCR). Among the 67
Taiwan isolates and 17 Thailand isolates, the Taiwan primer pair (TwTe650u/TwTe650d) can amplify
the expected amplicons from all of the tested Taiwan isolates and 9 out of the 17 Thailand isolates. The
Thailand primer pair (ThaTe430u/ThaTe430d) only detected 12 out of the 17 Thailand isolates and could
not detect all of the Taiwan isolates. The Taiwan-Thailand primer pair (TwTha840u/TwTha840d) could
detect all of the tested isolates. In this report, the incidences of TeMV in Taiwan and Thailand were clar-
ified and the full-length genomic sequence of Taiwan isolate DC6 was first completed. The phylogenetic
differences between Taiwan and Thailand TeMV isolates were demonstrated, and the primer pairs were
developed for the wide-spectrum detection of those passiflora TeMV isolates in Taiwan and Thailand to
improve the detection efficacy of TeMV.

Key words: Passiflora sp., Telosma mosaic virus (TeMV), Polyclonal antibody, Full-length sequence,
Broad-spectrum detection by RT-PCR.
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