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Abstract

The study of decreasing potential of viruses epidemic in alternate cucumber and yard long
bean crop afier rice in Banlard district; Petchaburi province was demonstrated by survey of virus
diseases and insects on yard long bean, cucumber, weeds and adjacent plants throughout the year;
mode of disease transmission and viral diagnosis for efficient methods of disease control.

Survey of virus diseases on yard long bean , cucumber, weeds and adjacent plants in field
after rice growing season were conducted . Seven different virus symptoms were found as follow ;
1) dark green banding along the veins with slightly blisters on leaves and leaf malformation, 2) dark
green blisters and yellow mosaic with severe leaf distortion, 3) dark green vein netting, 4) yellow
leaves with green mosaic along the vein with stunting growth, 5) malformation of leaves with
narrow leaf and shoes-string like, 6) vein banding with rolling of leaves, 7) witches broom symptom.
Whereas, on cucumber leaves three different symptoms revealed 1) yellow chlorosis with mosaic 2)
slightly yellow leaves with green blisters and mosaic 3) yellow leaves with green blisters along the
vein. Mechanical sap transmission of all diseased leaves to original plants was successful in yard
long bean symptoms No.l-6 , while 1n cucumber only mosaic symptom on leaves was transferred.
Moreover, transmission to Chenopodium amaranticolor was studied.

Virus-like symptoms found on weeds were vein netting on Typhonium . trilobatum, yellow
mosaic on dmaranthus spinosus, vein banding on Euphorbia  heterophylla . yellow mosaic with leaf
distortion on Cleome gynandra, mosaic on Synedrella nodiiflora and stunted leaves on Abutilon
indicum. On adjacent blanls showed yellow mosaic and leaf distorfion on Ocimum basillicum and
Solanum  torvum, yellow chlorosis mottle on O. sanctum , green mosaic with crinkling of leaf on
Lycopersicon esculuentum and light green mosaic with leaf malformation on Capsicum frutescencs.
In additionto, the insects found throughout the year were white fly (Bemisia tabaci), aphids
( Aphis gossypii and Myzus persicae) , Ekmpoasca devastans, Nilaparvata Iugens, Cyrtacanthacris
.tatarica and Micraspis sp.

Study of virus transmission through seeds were demonstrated on 5 varieties of both yard
long bean seeds ﬁnd cucumber seeds named Kunsuk No.7, SomboonChok No.99, Phai Kwang 005,
Lum Num Chee ,Big1 for yard long bean seeds and Mechai, Amazon, Atom, Amata 765, Tammy for
cucumber seeds. At 4 week age, there were 4 different virus symptoms detected on yard longbean
seedlings. On primary leaves, light green patches with yellow leaves and leaf falling, vein netting
and light green mottle were found, while on the first trifoliate leaves, yellow chlorosis with vein

shrinking and leaf distortion was detected. Seed transmission percentage on yard long bean seeds
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Serological tests of virus infected cucumber and yard long bean leaves using ELISA
technique with antiserum against geminivirus group and cucumber mosaic virus(CMV) were studied.
The result showed that virus member belongs to geminivirus group infected all cucumber
leaves, but not yard long bean leaves. While, CMV was‘ found in all leaf samples tested. Electron
microscopy study using leaf dip technique on infected yard long bean leaves viewed 2 types of
virus particles. One was flexuous rods with 600-650 nm. in length and another was isometric with
30.38nm. in diameter.

Molecular study and nucleic acid analysis using dsRNA detection, reverse transcription
polymerase chain reaction { RT-PCR) and realtime PCR with CMV primers, degenerate
potyvirusgroup primers and cowpea aphid-borne mosaic virus primers were conducted. Detection of
virus on all diseased plants included cucumbers, yard long beans, weeds, adjacent plants and virus
transmission through seeds was performed by extraction and analysis of viral dsRNA. Confirmation
of CMV was done by RT-PCR. The results showed that all diseased plants were infected by
CMV  except Synedrella nodiiflora. Moreover , realtime PCR study of infected yard long bean
leaves with degenerate poty-group primers, revealed 3 specific bands, suggesting the presence of 3
member of potyvirus. The PCR products of these 3 bands were 1182 bp, 1219 bp and 1259 bp
respectively ,which = closely corresponded to bean yellow mosaic virus (BYMYV) at 1209 bp. (band 2)
and blackeye cowpea mosaic virus at 1242 bp. (BLCMYV) (band 3).

The results, together with symptom on Chenopodium amranticolor |lead to conclude that
yard long bean leaves were mix -infected with CMV and 3 virus members of potyvirus group,
that 2in3 of these were BYMV and BLCMV . Whereas, cucumber leaves were dual-infected by
CMV and virus member of geminivirus group.

The study pointed out that CMV was the major virus infected yard long beans, cucumber,
weeds, adjacent plants and transmitted through seed. The virus could infect solely or mix infect
with others, which cause more severe symptom. CMV was detected in both yard long beans with
BYMV or/fand BLCMV and cucumbers with geminivirusgroup. Aphis gossypii and Myzus persicae
were CMV vector in non-persistant manner, while infected weeds and adjacent plants were their
hosts. The virus spreaded directly through yard long beéns by infected seeds, whereas field
infection was responsible by aphids, fed by weeds and adjacent plants which also acted as
disease reservoir. As aresult of this, CMV could spread continuously and severely. Moreover, these
2 aphids also transmit BYMV and BLCMV .on the other hands white fly { Bemisia tabaci)
transmit geminivirusgroup to both yard long beans and cucumbers. This is prolonged problem in
Banlard  district; Petchaburi province as long as farmers carry on growing yard long beans,

cucumber and rice as alternate crops overlapping all vear round.
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AT 2.1 Mwdeuaznguvesde st hawiyluaszgaundaswimeaaquay

anyazlumsaienan N1 : (Thomas ef al. 1996)

Other Modes of
Vector Virus or Viroid Taxonomic Groupb Transmission”
Aphids Bryonia mottle Potyvirus M
Clover vellow vein Potyvirus M
Cucumber mosaic Cucumovirus M.S
Cucurbit aphid- borne yellows Luteovirus
Melon veinbanding mosaic Potyvirus M
Muskmelon vein necrosis Carlavirus M
Papaya ringspot type W Potyvirus M
Telfairia mosaic Potyvirus M.,S
Watermelon mosaic Potyvirus M
Watermelon mosaic Moroceo Potyvirus M
Zucchini yellow fleck Potyvirus M
Zucchini yellow mosaic Potyvirus M.S
Beetles Mecelon rugose mosaic Tymovirus M
Squash mosaci Comovirus M.S
WIld cucumber mosaic Tymovirus MS
Fung - Cucumber necrossis Tombusvirus M
Melon necrotic spot- Camovirus MS
Lcaﬂ_\oppsrs Beet curly top Geminivirus
Nematodes Tobacco nngspot Nepovirus M.S
Tomato ringspot Nepovirus M
Thrips Tomato spotted wite Tospovirus M
Watermelon silver mottle Tospovirus M
Whiteflies Beet pseudo - vellows : Closterovirus
Cucumber vein - yellow ing . M
Cucurbit yellow stunting disordder Closterovirus
Lettuce infectious yellows Closterovirus
Squash keaf curl Geminivirus M
Watermelon chlorotic stunt Geminivirus

a, . . . . .
M = mechanical transmission , S =seed transmission

b . . . .
The taxonomy of this virus is uncertain
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. . . Y o . .
T cowpea aphid-borne mosaic virus iiensnnaeudieis immunosorbent electron microscopy
(ISEM)
. =< <1 v g A 1 A
Patil and Gupta (1992 b) FINEINANIZNUYBUNAARUTAIANGINNBINITAULB 11NAT
a é’ . * a a =N 1 ¥V & A g
AR bean common mosaic ABNSIASYAY lauazanda wuhludunintulsaniugeves
9} o 4 !o <4 T ot Yo [l 9/ ~ o
auaaad IuruinasauanasuaiuIuaaasin liena19andulng wandalaosinas
U o o ¢ d 4 .
dAnoILE Pusa-4 nanaile 424 wWesidud ieimmeasuluanmulasilgn  Afab eral
] ¥y k4
(1993) finymansznudenanaauazn1TiaAL lnvestafneuilesnnmnsiaisveuse
mungbean yellow mosaic virus bigeminivirus 1uzsﬁéaﬂgﬂ1uzﬁaq Islamabad Uszimeifaniu

' ¥ 1
TagdWnenugaseImsunagammiowmseunanddavnuuly wnammzvsudefeuuand
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11 (Bemisia tabaci) WUNAIWGIUasRY Suauiln Suaumdauaznaniadeduanad 10.3,
50.5, 44.7 uaz 492 lefifud AWEIRY Vale eral (1994) Anymaveamsii i mvoude
fasenauludalinem Wuf Pitivba Macaibo CNC-0434 uazafuf Sctentao #oife cowpea
severe mosaic comovirus (CpSMV), cowpea ( aphid-borne) mosaic virus (blackeye cowpea mosaic
potyvirus (BCpMV) uazvf‘;a cucumber mosaic virus (CMV) uazﬂm%ﬁﬁmwiqmawﬁa
(CMV+BCpMV CMV+CpSMV ~ BCpMV+CpSMV  CMV+BCpMVACpSMV) MU0

o

] = o LY v @ o .. Y
CMV+CpSMV  uag BCpMV+CpSMV  wastasunisidinateduludiius Pitivba uazwus
;& a o o Y o a Vo
Setentao Tuvmizi¥e 1257 3 ¥iiafs CMV+BCPMV+CpSMV 1a3umsidiiatein it uaas
¥
. Y o
81015 necrosis HAZAUAIY  Anderson et al. (1996) Tl IUMTHIRIA YD UYD blackeye cowpea
R o 4 o 3/ @ as A ! < b4
mosaic 143 (cowpea) BanaMuA UM lsaluszdudviu Avuenguiaaieinisveelsng
uaz Biguussluvazivnnguuaateinmsaneiissuussdasiiimnmsa e uSinaau
¥ g & A LY ) o A w A S Y o '
YU YR U8 lagT ELISA WunImuiudusglussaumdeiu uazilednyinndwhaiesmues
¥
. . < 9/ aa s 1
1¥e blackeye cowpea mosaic 1l@% cucumber mosaic virus TaeN15AT A8 VAIITIABINUN LI
s Yy 9 <’i’ . A A a é’ 1 Y o ' d{ o‘l’ o 4
ITAVAIMMUTNTUYDUFD CMV asauleylegnnyuuamad iiaioi e audaniae s 14
i =4 L]
A eI lu ez SUATUBE T UILSS
3 ] v
. o @ 1 v (4 o/ Qi
Mali et al. (1989) S189UTHAVDLEe FaRaITanwneARIUNIINEANIHNYTY
Tudszimeduwio wuude blackeye cowpea mosaic potyvirus, cowpea aphid-borne mosaic
¥
. 3 ) N . ' b
virus, cucumber mosaic virus 6% sunn-hemp mosaic tobamovirus amsnneneasie 1a 7.8-
= o 2 1 o J (% Y
416, 3.1-20, 1.3-258 uaz2.5-17.510es1mud Tagdasilunisaionsananaisfuiuegduviug
o Y & ° ' =1
UATANYULHUFATINUDN Hampton et al. (1992) 11A15AT A0 ULLAR cowpea (Vigna
) V
ungniculata subsp unguiculata) IefNEIAUAINIIDYBGYe 1T alunisaenearuAauas
[ k4 s 3 ' < % R .
wudnge Ihiafiaeneenuniaundalafie cowpea aphid — bome mosaic (CABMV), cowpea mild
mottle virus (CMMYV), cowpea mosaic virus (CPMV), cowpea sever mosaic virus (CSMV), cucumber
. . . h 7 ¢ a
mosaic virus (CMV) southern bean mosaic virus (SBMV)  Gillaspie et al. (1993) Anuuuae
& aa a Y N R =3 1
fne1IMAMIAAITe blackeye cowpea mosaic potyvirus (BICMV) winteasidudlunisaionea
J o o { =,
iz 0.4-50 tesiFud uaz9INNIININNABLIFEAIETT DAS-ELISA 1A% bioassay UUAYU C.
¥ 3
amaranticolor. NU¥BHBYUHIUVBL cotyledon 11AT embryo axes WA A IUYDA testa WULRYS
-
fntey
Nain er al. (1994 a) Anpanuduiutveslss@niamlunsmsoeneads liade
szozmaTyan Invesialngwug FS-68 HFC 42-1 1C-5 uazwus JC-10 ludszimaduide
-4 o Aq ¥ 4 - . . . .
1o Ihian1¥dnuiAeiye alfalfa mosaic alfamovirus (AMV), cowpea aphid-borne mosaic virus

(blackeye cowpea mosaic virus ; BECPMV), southern bean mosaic sobemovirus (SBMV), cowpea
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¥
. . A . . @ o o Y
mosaic potyvirus (CPMV) 42198 cowpea mosaic comovirus (CPMV) WUANNAUWUTHANU
] od o '3 U ;sy ] < ] o o a o dw Ar N o oA
sgnalesiFudnminieneaer uMANAAfRRIgYBITIRNITINTINIUgnise Taude aian
gea ) . o A Y 4 o o ¢
Tanuannsoneneadiumauaa lueiigudgaieyiinmitdgniendnerieig 1 dant uag
:3‘ w o 3 _ a o U ' g Ny A o 24’ Y o '
e hians 5 suadsannsanienearumanda lailaiinsdgnde ludifneneiy 3 dilaw
{ o 4 q o o & a () t g
TuvazAatimalgniyeiieniilne1ety 6 dlamas hindaseinisvealse uade AMV,
o 1 [ 3 4y 1
BECPMV 1ag CPMV (R018MBAANIUILAA TR  Premala ef ol (1996) 31091Ut%® blackeye
U o v o
cowpea mosaic potyvirus (BICMV) auveglsaluaiagunsaluniflng1nwug Polonmae Tu
o A ' 3wy sd g o 44 g4 4 s 4
UszineeSaam Wengneantumanaa 1a 3-27 e Tiguans humdaaatinunuifouazaah
3y 2 oy A a _ ~ e ' ' Y]
wiu e 7 gungl 2-5 eswusaimed ey ludIuYed cotyledon UAE embryo N1 1%
- v R o A 4 g yy a Y : '
AMUTBUTUNTBA NI D UM I sei i IsdewEa 1 uonnAtmMIIIiawIWITnIN
¥y v ¥ ) g o a ¥ & . .
iWelluazi¥e cucumber mosaic virus ¥ 1¥AUIULT W TIAMINYY Gillaspie e al. (1998)
199D seed borne cucumber mosaic virus strain IMUNNBNTHAABAIINTUITIALSIMTUUN?
o ¥ Lx=) v ar o . qy v
$uunnn as19wnusigIeTide (Georgia) Yssaawnsgowsnn 1l 1994 CMV — Csb strain 11 1
' v o 1cy o
A9 IN15 Y84 15ALUEITY uALEAIRINITULS BN Uun ) TaoAuiiu Isauaaseinsauuase
o I v . ' v A . 3 ) ¥ 4
un3u iod1v1a103 A e blackeye cowpea mosaic virus W3 TEU1AAI19YINNTUTD CMV
. ’ =y ' o o A ’ ar 1 @ o
isolates seed borne 1AL 1ABAITUTULT IUDID NS MIABINY satellite RNA LA strain Aenanduii
a - a 7Y = < i .. .
TUIYNUBI Subgroup I Y83 CMV strains Taon13as 1A nucleic acid hybridization assays
Nagaraju and Murthy (1994) 51891Un138nH1 150819489 Cowpea (Vigno unguiculata L) 0
a t oAaa ] o o ' AR, 9 1 aa o 4 ' n ¥
U91M3ae MugunaudgIsunIney uasiauluaumionsy Weaunsnnwneald ley
" Qg 2 A :’ Gll’ .
uuaan vz IAUA IWABaY 4 craccivora 4aE M. perisicae URTNINITUIMU  Thottappilly and
3
Rossel (1992) wud ludszimanedsn Useauuuasnmeveuye hia 1dun uwnadnudas
¥ . <
¥UANIENDALLD cowpea yellow mosaic virus, cowpea mottle virus 4482 southern bean mosatc virus
¥ » ]
iWAggo U 2 ¥1iA018NOAIYB cowpea aphid-borne mosaic virus 148% cucumber mosaic virus HUAIH
¥
4717 2 ¥1lA 01UNOALED cowpea golden mosaic virus 1A% cowpea mild mottle virus #aulvaynylu
o 9/ . U ¥
wanz TusanLazN I 1Av18dlsing  Nagaraju and Murthy (1997) $18971UMISHWMBAITE cowpea
v
mosaic comovirus 1AUIWATB DU A, persicae 1111 non-persistent
1 4 a 8 o o 1 ¥
AsunIszuiaueuie smdvratedrine1nlae Suvaudunivzas 114

(B3 19N 2.2)
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Other Modes of
Vector Virus or Viroid Taxonomic Groupb Transmission’
Aphids Peanut mottle Potyvirus M
Peanut Strip Potyvirus M,S
Soybean dwarf Luteovirus G
Sovbean chlorotic mottle Caulimovirus M
Bean yellow mosaic Potyvirus M
Beetles Cowpea chlorotic mottle Bromovirus M
Cowpea sever mosaic Comovirus M.S
Bean rod motle Comovirus M.S
Blachgram mottle Ungrouped virus M
Nematodes Tobacco ringspot Nepovirus M, S, G
Whitetlies Cowpea mild mottle Carlavirus M
Mungbean yellow mosaic Geminivirus 3 M

*M = mechanical transmission , S = seed transmission , G = grafting

b : . . .
The taxonomy of this virus is uncertain

Kannan et al. (1993) nagaudszdninmlunmsaiuanlsaluavesnifinenifann
4 . . . . S5 9/ = ' s I .
1%® cowpea aphid-borne mosaic virus (CAMV) Tagl¥misaanuiduvesnyas 1Ui Prosopis
chilensis, Vitex negundo, Azadirachta indica. 18 Madhuca longifolia. WUNAWITNAR
s d o a o a a Y Y v & .
iefiduanisifa lsnuazfunandauesnaflne1n 14 lnomwizn1s AU 4 indica
) 3 oo ¢ d o a ' o g & A @
arududu 1 nlesidudilhlefidudmanalsnegh 7.9 1desidud WenlSoufvuduulas
A Jd a a v W o a 1 a 3/
control ¥ 18.7 o diFua uazwanaamIny 890 N lansuasigans Tuvuzulas control 1d 540
Alansumsienine
9 ¥ & o o 4 Yy a
Changer al. (1994) nugiinslmnaawuinidnenlasalsailgnieanilyminiaia
' o w o L 4 2 . . »
IiﬂiﬂﬂNﬂJ@ﬁﬂ’Jqﬂﬂﬂnwuﬁ San-Tse-Chin-Pi 1118491M%8 cucumber mosaic virus iazi¥e
R R 4 At:z:y a u s d o YR A
blackeye cowpea mosaic potyvirus F9I5UannIsNa lin 14 30 - 72 1de SiFuatazd s IuRLy

wanaa 1@ 11-74 lofidud
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dyu P=1 v A o Y @ & =1 9 1 R
HUIANAUGIUTWITUITHED IR IUB l’liﬂLLﬂQLLﬁZﬂQmﬂHTQ‘N'&I'IﬂiJ'lﬂulﬂllﬂ Family
Chenopodiaceae, Cucurbitaceae, Leguminosae, Amaranthaceae, Apocynaceae, Labiatae, Solanaceae

. o 9 ~
1ae Compositae aanaad A lun15wn 2.3



d' A as as Q'l d‘ 2
AT 2.3 W‘Iﬁ’]']ﬁU‘ilE)\ihl’J‘imm\iﬂ’ﬂllﬁzﬂ’JB]ﬂEJT] N (398 gaziws. 2535, ; gau

T3ea19. 2527)

o o “ dv o
%i!ﬂ‘llﬂ\ﬁ‘l'iﬂﬂWﬁU‘Uf]i!"ﬁBrl'ﬁﬂ

A a ¢ A o
FOINYIATAAT yoaIuy

Family Leguminosae

.
o

Arachis hvpogaea L. PR E
Cassia occidemalis L. "ﬁ’m Anmea
Cssia tora L. v lne
Crotalaria juncea L. NERIGE
Lupinus albus L. a
Phaseolus anreus L. t%?l%tn
P vidgaris L. &’Jlﬁlﬂ
Pisum sativum L. E%’Jﬁ'i-!m’l
Stizolobium deeringianian Bort. ﬁ' W3
Vicia faba L. fnhnd
Vigna sesquipedalis Wight. 5’;?1:1&113
I sinensis Savi ex Hassk. - 6"311'11
Sesamun orientale L. . 11

Family Solanaceae

Capsicum fritescens L. HIn

C. minimum Roxb. ‘r‘i?ﬂi‘}ﬁg’
Dugura stramonium L. d11na
Lxcopersicon esculentum Mill uzTond
Petunia hvbrida Vilm. ; ‘ﬁ‘}g,&ﬁﬂ

Solanum melongena L. 2170817

15
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d‘ 1 A o/ Qs o |
A1919N 2.3 (A8) w‘lfmﬁwaa"himmammazmplnma

=% A .73 dy v v
FUAVDINYD WOV UYD 1157

A a o A a
HRINYITAT YOOUY
Family Amaranthaceae
Amaranthus caudatus L. naau 1A

Y 9k
Gomphrena globosa L. U 111‘;‘1581
Family Apocynaceae
Vinca rosea L. WY
Family Chenopodiaceae
Chenopod’ium amaranticolor » Goosefoot

C. capitatum Aschers -

Beta vulgaris L. ANNIALAY
Family Compositae

Helianthus giganteus L. MuA U
Zinnia elegans Jacq. ‘U'm‘ld}ll
Synedrella nodiflora Gaertn. NALASA
Family Labiatae

Ocimum basilicum L. < Twsgw
O. gratissimum L. Tnszwitna
O. sanctum L. SINIW

3. mInsrvaeuve hialasmaiiama molecular biology
3.1 Msaswaevingnisuanana dsRNA
e a o =Y aa ' . W
MIUUNAUANITLONANANIATIAABALLY RNA o18% (dsRNA extraction) N1 1% 1un1s
an w@ dy ¥y o & Y [l (=1 v Y I~ Y o dy
asnaeuuazitode 15 #e hiadm mgiimiedunnssuilu RNA msidviaisveads
3 o 4 3 o .. R o Y a as
¥ 1¥elin13v391u3u (multiplication) 1117iR@ double stranded RNA  (dsRNA) ®1fi®
Usingnisailunisifa dsRNA @d9nd1n Seiintsuenada RNA 88nuniiens 190 LuUIAY8Y
é =3 6 d‘i’ aa LY [ d}’
dsRNA F9ztivinaTuanaszana > 0.1 X 10° dalton ¥8u¥e nisitanvyiinveuiory
WITUIINANYBT $1UIU UAZIZTOTNIIATIAADUAYDY dsRNA  DUAINATN (matrix) 14U

polyacrylamide gel H3® agarose (Morris and Dodds. 1979 ; Jordan et al. 1983)
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UIANITU WY (2540) Twwenutunaiialunisada dsRNA veude lnfaienis
avndemnziiatorinveudeuioonithi 3 fuaou

L. MIupnana dsRNA ( dsRNA extraction )

2. msdnszuavhlunisuen dsRNA voude (electrophoresis) Tapo1enAaNATII AT
Twanavesemnswmdoud i luauw TWihdifianudiedng Tasnnadeufivzuandreduld
i’?uﬁuqmﬁnﬁﬁmaﬂmaf}a CATIENTRCIEE1CAN uazﬂszq&?ﬂﬂszuallﬂﬁwﬁ“l%'ﬂzagiizwﬁ1a 50-120
voltage Iﬂﬂ‘ffil@g}ﬁﬂilﬂﬁ‘ﬂﬁ)\i gel

3. MIaTvasuuazIng1zing laodunadnume 1Y sTeznennndouiives
dsRNA N1 electrophoresis 111 gel 411N 1580uAA0A15a280 ethidium  bromide A1
whed 20 i Tundiinddas Wegdnuusmsiadoufiues dsNA Taol¥ndoaas ultraviolet &
ATMEINAL 260-302 11 Tuiwas,

ﬁf:ﬁmﬂ%'ﬂﬁﬂwﬁ‘lumsi‘huuﬂ%ﬁmmﬁ}é"h%"mmzﬂtjmaw‘ga"hé"awmwﬁﬂ 15
msmnﬂaw‘f’rya‘hi"amqu (Ikegami and Fraendel-Conrat. 1979)158 ln$arveatfia ( Morris and
Dodds. 1979) L"I:)”(E] lettuce speckles mottle virus (Fald et al. 1979) l.‘f‘;a barley yellow dwarf virus
(Gildow et al. 1983) 1sA avocado streak disease (Jordan er al. 1983) ‘hi"aiuﬂfju closterovirus
(Dodds and Bar-Joseph. 1983) Tsaluaues Cassia corymbosa (Ngamyeesoon and Hick.
1998) wnz Infartu Wlsefuitionds (Hicks ef al. 198%) nagMartelli ef af. (1995) Hudegred
cortical W84 olive WuFANATUAAIINTIERUIANBII9T LTS uanoudnTosnaznand
LETANDINTT mma%aauwm"ﬁya Olive latent 1 virus (OLV-1) Lﬂut?fyammq Tzeng et al. (1996)
1% phenol-sodium dodecyl sulfate TUM3aA dSRNA 18 dlosterovirus aunauadlynluninys
ajulanldiifododan cortical WumsFrsasaoiifamududy 5 e fidus ld g5
¥9d  dsRNA 1uiy Grieco et al.(2000) immua’ﬁ%mimnaauﬁyuﬁugmeJ mechanical
transmission  gyMaTelufirueriadalsyauilynitaiunatianesd iy molecular detection
181 dsRNA extraction 1188 molecular hybridization A3 9ra e Sar ludy olive Tutszimet
Sa1d wudle himvndiedeininu 210 vindIesMIA 286 S0t uATHLIRR 1AL
TugglulinaTSiuves dsRNA geaniwhedsiifiviugaluifiae vennndmmansanmves
(Wianssal amldu uazfshng $ndme. 2546) T1aTunsuenaria dsRNA veaiseinluue AR
werasernsiiulsnnnanmsssued uasusAiuaneins luawannstone e las A
persicae 18014 Rneasy Plant Mini Kit (QIAGEN) #UR15141%1816984:59 Cucumber mosaic virus
(CMV) LIaWss581 B 1Az ANAT LEaduAT (2548) s1eaunsasdnde oMV tudading

o Y ° < o A A 9 a Y aq .
l!aguﬂ\iﬂ')‘]'ﬂl’QﬂﬁaUﬂﬂﬂ‘]i?’nuTifJNWﬁﬂ'ﬁﬂ5'.]QQ%W%LL?IZW%‘U']\H?]UQQ'JUTE dsRNA extraction

70388
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1. msdisnlmhialumnnuazdidaenlgraduluiuifatumazn1saanealsadas

as 4y T . e
mmiﬂgﬂwamﬂmﬂu (Mechanical sap transmission)

o d o -1 Y B v @
hmunudleiluuainuasludiinuiuassemsadiosa bfalunaalgaves

¥y oo
as o
A

. 9 - ° 9 @ ar a A 2 P = 1
nyAIns lunssnduasiuain fendamysys Yeiunilduiuifivinsdgauneniuas
Q'J o’ o o ;’ = ar =X U
tilagrasnnninn Taghnisdinswmasanidaduunlaslgamyuieouly uazdinsg
o Q  a 1 < o 1 o ] v 1 s
tunnanugaminowivlufiuaatenslalugawaraan Tnsusnldgeluudazenisaen fu
9 * v :‘ < A ° Qs [ o wn ° U A v @ 1 3,’
unldlundeniuvainbindundsesdfiams fimaniztiietiunindnyazenisaie i
< ' ' RN = ;e ; 2 oy g <
nnluuaaniuaziiilngn Aounislufmiulsaeeniiu 2 douTavdumiair Ay 13 ludity
1 v g ~ ~ ! ° 3 1 g o o ' 1
BOWBUUIN (-4 Dt usaBun) Bndnnhuwhnisnwneae lasmsiwasswlufuaaieinis
o dﬂ y o o 3 ax 5 C . N
wihmisdgade hialuimennuagd @nu1981035013 Mechanical sap transmission Insriavilgn
£ Yy . o o Y @ A a o A q 9
HadINMIAgUAUAA WIAIN NLAZNINNG1IB1Y 7-10 TuAIon TR TINLIT o WU 24 92 T14 1ve 11
A . ' Y o A 4 & o A A
Hylan wesueIMINEaNABM I MIIAwTeuye Mslgnienailufivfinaase mivedlse
v Aw 1 a Y 9 g { - 1 o _
TfnidamuazaaifilSuamnduduvesiosgaslannmzluseu uatuaisazain 0.05
R s 9 = -~ t a [~ v o [l Py
M Potassium phosphate buffer A7 UNUU 0.05 M pH 7.2 Tu Tnsefuangy lasasdmluie 1 nduy
' A an (] | g v 4 o Y a 5 b4 §
ABE1IAZANY buffer 2-4 Unaans wazlaws celite santisorive ldd IdRiwna uauname Wige
' 1 ] a/ gJ’ Slg 1 uy q‘/’ ] [ ¢
amsarud gy 1dde vdsnmivldiadefarenmmiviuuuu e luies (cotyledon) va4
y v A Y 1 & 4y R A o o
AU WA NI LY luuMguI NYestIlngINRRIN s Ugnide Russeamnoviedudnualacuy
S/ = ~ A4 Y1 } & A 9 A
lutrnswanduluivhms dgaiFeriie dsde msdanailiedesAanuranisuaaeinis
v & o.d o A A g v A da g o & A Ay
nasnniunsinantssasuuluisieumidussisiaasg luthauineennaluisuds
Ay o A a o e A yy R o & o a4 A
aquitrAtonszarmmlsfeoiniyimeld 24 92 lue Sue1¥aanguesn nimiwiviafilgnide
3 U a =t o o o R o d4a 4 A Y g ¥
vanua lifululsaTeuduinas funauaziiuiindnyauzeimsiifeduie lfifudoyaly

¥
msfinyudaliass 'l

° v A A va  a v @
2. MTANTIVUNAININY '3‘11‘7‘!‘!1!!’618“‘15‘1ﬂa!ﬂﬂ&‘n!m’ﬂ@@1ﬂ1§ﬂa1?]15'?!.13537
9 5 g o 1 =1 A v w‘u ~ @ o
'Vnﬂ']i'cT']i’JﬂilﬁglﬂﬂﬂﬂﬂfJ'l\?LLlJﬁ\‘lTlWlﬂuLL‘]Jﬁ\?ﬂ@lﬂW‘ﬁYJﬂ‘ﬁ'J\‘li]@: ﬂﬁ'ﬁ]ﬂ“ﬂ\ill HIRAUUN

a ) 1 1 ° =1 as [l o 4 a
yHAvBUMAMAZIUNNTIIATINY MMTiAudleds Sy Rvuaz S nalndidssfinunaas

[ t =3 = 1 a =] o 2‘ < o a
simindnlsn hafanngregglaonfvusnsiialdgmwaradndulunssamiug ainduun
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¥ a wa A o R o - ' v o 1 & v J
‘Hﬂﬂl]gllﬂﬂ"li Lwauummwuazmuumfuﬂw‘vﬂawmﬂummmmmimuﬂua hlﬂgﬂwauu

¥ ¥ v o Y aa . .. aqo 1 9 @
ﬂuﬂmummma:mﬂmm #8350 Mechanical sap transmission AVITAINAMIVNAU (3.2.1)

aa W o 4“! o YV g 1T a
3. m3dliadaviinveaye hfaaa3snmama wianinn
4 13 o 1 e e . g . . 4

MMsasndeuride 1159 lunau Geminivirus group 14815 cucumber mosaic virus Lo
o a o ¥ ] o { o Y a ar )
thunstudusiiaveade iinaungihltiAalsaduuasnnuazdaflnonlunilasdgn Taeld

= 1 a Y a . . . .

MAUANTY TUINYT A1875n15 ELISA (Enzyme-linked immunosorbent Assay) (U1 indirect

< Ay A4 o Ay . ad

TumpuLAzIENI luMsaseasi¥e 115 MsnT29e01 1R85 Indirect ELISA Humay

[

g
Al
o ] a‘, [l 1 a [} < oy @ 9 d‘ o Aa a [
1) aadmlvvesruduuaazalet 1 i mundmaissFantineilon 4 d wmus lag
¥
uaazA0e19azini miln 0.5 N3N
¥
2) THUKUNIAIIINB UA9g A UAT 1anarel laolulmazdisteinmsnane u 2 &1
QIII Qs v o o 1
wionnmandeiulFoufonluRniiulsauaz luRvUnAilSoudou@isedis.n
o A A r;z d' < \ Q
3) vaansseny(luiadne uazluuaenin) Auaaseinisvadlsasdiedaaulu
) yo & w9 :\
71582010 coating buffer 1% IAIAWSUL 1 : 100 uaz 1 1 1000 (w / v) Inguadiagiafielu
a < 9 %] v t
panaraAnvLIAERN FTUIU 1 A1e8WAD 19
¥ v 1 i i “
4) nemhAuG 1081 RENATe LN UA 11 coating buffer ae U polystyrene plate 173181 100
3 )
Tulnsdas Tuumaznquanmuisnsmadey aasszensthutioutu plae nienaudun
° 3 s * : a 9 Y [} o o Y = o
5) 11 plate Ansadtediiauaisouiaoudrlalugewaradn Jathagaldaiin fulug
] 1 I= =} o o e 4 o o
Unguvigil 37 averwaior 1Tunal 4 52114 ioasufvmuaaat 1 plate 1@ wdeaisazay
3 o ar 4 A 9. 7] : q’/‘ a 'a 3
PBS — Tween 3 A599a¢ 3 Ut Taverglia plate u3ee) Mol il vomhnuanagivan nmiuvoea
o A P ' Y Yt oy =
PBS - Tween a luynnaua1s selamsthuousernenan 119 plate Bhguvgiivesuiu 3 ui
g y &AL, y 1A o A J a2 a -
Wumaaeadan 1insaasuiiouasy 3 ase ilednsy 3 a599eat plate Tavavusea vu
ATEATEFUVS DA ER A
. g 1 as t — n g 1 2!’
6) YiUA antiserum UBIUHO 135?(11&ﬂf]11 Geminivirus group launi¥e tomato yellow leaf
) § .. i ) ¥
curl virus ( TYLCV) 41a21%® cucumber mosaic virus (CMV) luasazany conjugate buffer 118
a A’f o [} .¥d {
AnudNty 1: 1000 udanealu plate vauaz 100 Tulasdns miAnd plate lutnludidu
a a g o 4 o ' ¥ o ¥ ¥
gungll 37 ssraimea (ua 4 91 lleas uimualunsy plate 1B & plate Ao
PBS — Tween 3 7597 a2 3 wiinsuRenyluisn1sde 5 moa Anti — Goat 1gG (Alkaline
£ 4 )
phosphatase conjugate) AITMITNTU 1 : 2000 viquaz 100 TulasAas ntiuti plae TUuf

o =t =4 < A ° 1 v
guugll 37 ssrusatdoa 1iua1 4 Hrlualieasudimualunisyn plae udaga
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} : 3 Y uys Y A gy & ¥ A d ..
Anti - Goat TgG A Bludionie 14Tunssde 1y (Idaeiloqld 3 ase) 15874 plate &30 PBS
k4
— Tween 3 597 A% 3 U
7) U1 p nitrophenyl phosphatase 5 Uadniuas 10 Uanans azatslua1sazaty substrate
£4 < a Q aaa 1
buffer 4AIMEA substrate A4 plate viauaz 100 Tlasdas FimsamarallfAsuinisdasuntas
a4 a dy o ::’ uy < A FZs] A a va o a g
vasinaiuraanainel 1 $1 7w ivese infmbeswe sl iadautety
’ o/ L 4 e = QO { L= 3 1 Q A
8) Funaunziuiinnsnadey TasnsdunassdufivesfiseriiAaiulundazdetg
oy @ ann y Y ' 1 d . Y 1
TasSvuisuiufvesdffserinlsinguudedraluiefiiuTse (disease control) Lazsiog1e
oy o 1 O AN 1 ~ g 4
TuiiyIn@ (healthy control ) 1Az A 12 A RINGN absorbance YBeTNINURATETIRRTUG TIATD
microplate reader AN 1M181IAAY 405 u1luinas Tave absorbance vosimiiuTanvzlargenivity
o i V¥ 4 r:yw v 1 =1 [ Y o a aaa =1
Undsgaies 2 v uenvntiduiiawasi absorbance tussAuaImududvesninifalfasouiu

r e ‘:y
452U A3y

s = - £ R A A a}( n o
$AY 3 = Mvaeal et TlTinaveaye 1hinga

o

I A

as - - BT r:{ 1 o

I¥AV 2 = iraed Huwdd TUTumveade Isatunais
o = P T =] =y & dy 0‘

32U 1 = BiMassosy u1en e UilSuuveudada

[ N ta o f 13 1 dv U ar
a1 0 = liifed et htUSuave ade 1hia

4. MEANYINMTANENBAMAUNER ( seed transmission )

' = ° d  a o o ' ° '
ﬂTiﬁﬂ'ﬁTﬂ"iﬂ TUNBaANINUAR Lﬂﬂﬂ15u1l'uﬁﬁ1‘lu€ﬂ'3Jﬂ']i ﬂ']ﬁ'i—!'\ﬂi'hlﬂﬁ'\ﬁ@’]&ﬂ@ﬂ‘lﬂ']\i

B}

a @ o R [ o o o 1 dy a ] g @ d¢
WAIAUWYTY TN Lﬂuwu‘qmmym ﬂﬁ14EJ’JJIJ@‘ﬂiJ'WlﬂfTE]‘Uﬂ'liﬂ']ﬁﬁ"l@ﬂl‘lﬁ‘)l’l'ﬁﬂ'wluw%‘uuﬁﬂwu‘ﬁ

< Y o @ v e Y 1 e ¢ A v & s v &
lagl¥natlnog1avianue 3 WUG laun WUTYUAANo. 7 wu"qﬁmgim_T%ﬂNo.%..wu'q

¥
©

¥
v o < o = @ o o ar < 9/ 1 o o Y o
184119005 WuFdMiI® WuFBIGH vazupsnvanua s wug  18un Ruiiide Wusf

Q

K} El

W o o o o 1 =1 v o g o
BINFIU WUTDYADN WUFBNAZT6S uazuguyll Tasmsnage umasRuiaas 200 mia 1inn
Y A = a ny 9 Ve o ay 9/ =) t dy 1 Q
mizlunznirfeioudu iuds Teslidundnennigedionmstiau lilo vaiderewimgn
S Q1 o » A L v a S < d o
nnmiuldmdad lnem visunenn uaasiuiashiiugiaz 200 maa sarindwazdu tazduly
A Y % 13 ar 9 9 a LY 9 r=} 3 U
TuTsefeutlestuunamdinniudszina 3 -4 Ju dundraziTueen Funao1n1scuRse s
¥y oy a o o o @ & o o dd oY
sgezaunatsudslszuin 2 dda amiutunndnvuzems suadeidudaawiiulsauaz

S o 1 ¥ a lenvebl gd‘n aa w1
nusegNauianseINIvedlsn himh ldignidemedmsitmeds 11



21

MT1A 3.1 uwuAs N13R599 ELISA ninedlus Wneuas luunsn niuansenig
v A d 4 4 1 1
Tsahianumnnnuiaslgaiieasesaeivmide 115engu Gemininvirus

1%8 TYLCV itag CMV

1 2 3 4 5 6 7 8 9 10 It 12

A | positive | positive | Ve/1 | V6/2

B | negative | negative | Cl/1 | C1/2

C |Vl Vi/i C2/1 | C2/1

D v2/1 V2/2 C3/1 | C372

E | V3/1 V32

Fv3i V372

G| V4/1 V4/2

H| V51 V5/2

i s A\Ve A~ by
HEHE V (No/No.) = detndidnemnnulasugn ¢aeg1eh 1/ S maud)

1 ¥
C (No./No.) = a1e8uaannannulasan (@eeish 1/ Suaus)

5. msAnymsaenealagliitieurlolidu (soil transmission)
1 4 o g e 1A o
msfinynInenealayidideudesihlasmsfudiededunnuiasigndaflineuas
= dy o d a Vv G 4 o A
umen Nuaasamsveade 1sa TanAuuinuseug lnuduvesisiaasentsveddsn ladadn

o A

a 9 9 M b4
AMNANYIT NN 30 wudiNas wazi s nageunisorenealasldideudesTast16y
o " ad ' A a Y Y o g o o do & a
Arediiiuunnudasdganlalunszasiesou 3 saiwuastfng R uEA g 1ag
v o & 3 @ daa it Y o ° v o
umenMuenAz765 sulluiuiatonlgnluvaell Tavldmaalunmsmaziauiugas 200
=3 :’ s/ =4 o I o 9 = o a 3 a v 9 a
maa sadudwazdy N ldnu A ulsaSeutuunas ndsontiuyszana 3 — 4 Su dundiazsy
as o g v 9/ ¥ A a g =) as L' ] [
P LarFUNAANYUZD MR WATZIZAUA IR U ILR s 2 e Jlningdnbae
' 4 Y d8 o Y Ay ¢ o §
o1msveslsanio W iflensy 2 damiaiduilidsingermsveslsmunvmisdgnidie (back
'y Py ) a & ad Y A ° 3 o v YA
test) GAUNAWAINIMAZHINNIIBNATY Tunsdiimuduiuaasoinswginisifualesreaud

F4 v
uarasaimsveslsa himhldlgnifeernisitmens 1
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da
A6.m‘sﬂsnmm’fwné’m@amsﬂuamﬂmau (electron microscope; EM)
9 da a, . . o @ 1 i
MIATITEUAIENGB NS sridianaTauTatdT Leaf dip technique TaBn151id10d147
g ny o L v 22 d o A . o A o
iy ldnnulaslgnurimsdagmifedisinu amiudunaeimsdlenuiieinisdauiaiily
[ ' 3 g a 9 4 a g . .
aanan ldastere veunnveuie liiadundesganssmisidnasou(Hitachi Model HU-124)1u
' ¥ ~ o o 4 a v oo [
draTealiadngisiaasnars (guiinTesdioinomaninaie) aa1tudsouazwaun
a as o a J A q‘ I=4
wmgaunYaIMaai uavy Tasmyuadteslune i Tsaluasazats phosphate buffer
1 1 3. Y 1 : 3 [ y
0.1 M pH 7.5 Muandiys Tudasidau 1: 10 (w/ v) nenaznauasisesnudmeatimudin iyl
9 ' 3 o & ; 4 ¥
ABIMINATOUAIUULHY parafilm Ne1z0 19 111030 (grid) YA 300 mesh TiARB UA10 A15aZa1Y
9t & o ) =
Formvar A9 0.2 % T chloroform (w/v) 1AZAI carbon @evatalszaRantInTANAINS
. 3 & o & Y a g
ahasuuemihtussng 10 uii ndeantiudensadae  a13azae phosphate buffer AT
Wud 0.1 M pH 7.5 tlszanas 1.5 faaans Suveuniadionszaiunsasdiawemina foudie
Yy 9 a aa o =y ql.:
81382070 uranyl acetate (UA) ATMAN9Y 2 % Yszana 0.3 Uaaans suveunsaldudeenasa

1 o U 9 ga 4 [ g s
nsui1hlasgdvndssranssmisianasow easmIanuareunmveule 1w

1. madtiedulagnmsasinaeunsatindonveuve lafa (nucleic acid analysis)
¥
7.1 MIwunanansailinasnuewde 15 (RNA extraction)
o =Y aa A’ LY VA r:'dl o o 3 3 @
nssenanansatinasavsuye lianalvirihy Tsaiiaons Idyaada
™ . ; 2 o . 2 & o a
UltraClean  Plant RNA Isolation Kit. U35 MO BIO Laboratories.Inc. $etigunsal lugada(nmi
9 uy 4 a oo . & o o ar
3.1 uazm13 191101 Plant  concert  solution  USHM Invirogen Fafigilnsailuyads
[ ; 4 E4
(nm 3.2) TasdF lumsanaaenuluunasiunsudede 114
msldyaaria UltraClean ™ Plant RNA Isolation Kit  UF5% MO BIO Laboratories.Inc.
~ a'. Q'Am v o 2’ o o~ Y Y <
1) valukyhugasemsveade Lfatanumimindszana 0.1 n§u 410 Tulasimuman
a a aa ¥ o 1 ~ o { J=)
ARz PMRI 1 aatas wdni lmumisainnmnsasey 10,000 g figamnil 4 s
~ I a
wadye 1unan 3 um
* = g 3’ o 1 3/ i a a
2) gaduiuilalsuinsednee 600 lulasAns @uaisazals PMR2 500

v

o ~ = F=9 Y Y w [ 4 1
luTnsans uag @y aisazats PMR 3 250 Wwlasans wenlidnniudledingurasa 1yt el

:I <1 ~ =1 T o B - o a =y =Y I~
UAYIUIU S UMW ﬂauuﬂllm;mmmmmmwasau 10,000 g NYUNRNN 4 IR UFALY e L‘lJ‘Ll

a

381 10 4N

v b4
3) gaduiithnihlaySums 1 §adfas @umsazais PMR4 800 lulnses wauldidh



- 4 gaasazawande 3. Tdluraeaiidl spin filter 1WIRUSIAS 650 TnsAns udaie
i lihmpumiesfinnudisey 10,000 g Heungd 4 ssrusaFoa umw 30 Sundt Aei ey
aznaY ‘

5) u1saza1e PMRS 500 luTasansthldwmumdeefinmdsey 10,000 ¢ @
gumnll 4 swnwadoa Wunamu 30 Juii wdanmiumilaie wdamatuimaeedi
spin filter 1/ wuuzw"’;ﬂqﬁﬂﬂ%ﬁﬂmmgasau 10,000 g guvinll 4 seruzaidoa Hhunar 1w
eI sasmefifedeeguy filter narkuaaaumua

6) 111 spin  filter 91098 5 w1 ld lunasalmi @uaisazats PMR6 1Su1aS 30-50
fuTasdas Aevth llmumidveiinamu$isey 10,000 ¢ figuwgli 4 ssruwadea 1funar 30
S enzatuaznen RNA #1dnnnisasawamin (ol RNA) iy RNA 7187 Nl — 80

= 1 ° g/
e uTAIBeE ANz 1Y
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M9 3.1 9UnsalyAana UliraClean ™ Plant RNA Tsolation Kit. 13 1% MO BIO
LaboratoriesInc. a .= PMRl1 b = PMR2 ¢ = PMR3 d = PMR4 e = PMR5

f =PMR6 g=waaniil spin filter h =1ABAIAVAIBYI
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o L4 :’ . a e .
msuonaia Tasls 11191 Plant concert solution USTM Invitrogen
. 1 E v
1) valuRrhuaasomsFamumimindsgina 0.1- 0.3 nsu &0 uTasoumar G
. 2 o @ y o a
Plant concert solution U3uas 500 TuTasaas manThidriulaeld vortex Tuilural 30 Suad
S & yud ay g P a o & A gy a4 g
dsite Pingamgiresifuam 5 uidi TasmsBeavase vasnmiusaihldwmvdssfinomds
I a A a g
s8U 12,000 gihuaan 2 U Ngunniives
b4
Py ] [ =% g/ =Y a Ao
2) g laldlunaealmi Buasazats NaCl amududu s M 1USinas 0.1 iadaas
a =Y A Aan ar 1 o 1 i [~4
UAZIAY Chloroform SN 0.3 iadaas nauliidndunewi ldmpuuivlssinnussen
12,000 g i gl 4 svrruyaden 1iunal 10 Wi
v ¥ ]
3) garthladuuuldlunaealny new@n 2 - propanol 1 uUTI RN TaR 14
o o o 1 { < : 4 a o
wasnniy th limyuviesiaomusisey 12,000 g Rgamaii 4 esrmiwadeon uratio uaf
Qy 3 v a d o o =y o Aan
4) Anila 1fuazAou AWAY ethanol Adduty 75 1dasidug YSuns 1 Seaans
9 4 ! g { a <
wértaih ldmpumissinamusseu 12,000 g Ngangiites 1Huma t uth
Qy oy o 4 9!- L ! '
5) Aadiler udniwmasarsliurie (air-dy) azneudilafis RNA 571 (total RNA) Aoy

o =% o an =1 i 1= = 1 o
19 Rnase free water 1711013 10 - 30 Ain@aas N ungamgl -80 asruzaFoaiuniiszimnly



i 3.2 9Un3alluae Plant concert solution U5 Invitrogen 5 a = Plant concert

solution b= Chloroform ¢ = 75% ethanol d =2 - propanol
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¥ ¥
7.2 myduunyiaveude hialasnsnsars udsRNAToude 1958 (Double- stranded
RNA detection)
f @ { Y o & ar
MIATIEDU dsRNA wauie hfadwiaisluuanit Jusaflnen ludsiauazivsy
3 =t o o A d' o a as 3 ['% a 9
Indinesilasnmsi luRsiuaatenmsuiinisada RNA awdsiazduasunisasaluids
° ~ 1 ! Q Q. . 4
7.1 udnih total RNA 1u RNase-free water 1118 1iinnsuende3s electrophoresis Tagly
fd o & w . a .
agarose  gel Amndudu 0.80lefidud 1Tudinany  electrophoresis  buffer #19Ae  Tris-
. & 1Y .
(hydroxymethyl)-aminomethane (TAE ) buffer %4 TAE buffer (50 X)1senauaae ( Tris 242
AW : glacial acetic acid 57.1 UAAANS : 1A 0.5M EDTA pH 8.0 100 Nadaas asdas ) 1%
nszue haehifi 50 voltage 17812 ¥2Tus
s U 4 ar 9 o o
N1SHEBARIBE19YDY total RNA Nanaldnnlufinilulsaviilaonsaay total RNA
151195 10 Iad8AT U gel loading buffer ( Blugjuice 10X 9NUSEN Invitrogen) U511a3 2
1aaaas L%’ﬁ'wﬁudaumaﬂaﬂuuﬂ'azwqu U994 agarose gel dwmivdulFoumiiounasigiuie
Lambda DNA 7iQntee@i0 enzyme Hind III
o a o o o %3 .
AIATIIABUVLAL AT IZHNE Taetil gel HIIASBONABIGHITAZAY ethidium bromide
oA oA ow -l a aa =1 y [ N 4
amdudu 20 Saansusetaaans 1y nal 15 uW RaganyuzMsinAeuNve ¢ dsRNA Tasld
NABIAY ultraviolet NAIWOTIAAY 260 — 302 U1 TULAT VINANHULAITAAOUTIVS band dsRNA
a 9y e r =t a o A A o Hdq ¥ Y o
fmsnee lavy awsndwulSewisudunisiadeuivesdanas g 719 udadnas
y o @ Ay o o A o ' Ay ¥ g
timiin Twanavesalegieiidesnis Taen)s suiRouay linear curve N15TUEUNATT band 71 1&15 1y
dRNA v lagid gel Rlavuyluaisazamnds lsfeuaae ise auududy 0.15 M 715
] 9/ ¥ o U ¥ 3
enzyme RNase 1117210619198 30 Ui w9 uLUAABWE ultraviolel SAAST
U0 band vBd dsRNA denseg higndeyaaiy
Y 1 A 4 0 o B dy 1 o 9 Qqq’ld Vo a
g lunyminniinisesasude hiadedsuae ludiinefuaasenisue
. ¥y ¥
Tsalafannnisdisnlundasuasnsoronearuniai s iy 6 §79819 §19g1a0nly
- 9/ ' 2’ 3 =1 @ [ o A
waen R IdnnmsaeneatinunuaesnInTu 15 3 fegnnulanlgn uazluve iy

warRrdraReanlanlgaiviuaase msvedlsalasaannisdisrmanail

8. N1IATIVEBUAINATDY real time PCR

M3A529A0UAY real time PCR Taeld 1504 CHROMO 4 Real - Time PCR w89 1510 3
seimsanad 1911107 Quantitect SYBR®Green 131193 12 TuTasins uazld degenerate primer
Pot1(S’ATTBTCDATRCACCA 3°) un¥degenerate primer Pot2 (5° TGYGAYGCBGATGGY TC 3°)

¥ '
Ysumsstaz 0.5 lulnsdns uaz Template cDNA 10 lulasfas veude liafitrsiaiy
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]
o) [=Y

3 ¥ v
fine1 112 Tulasins Tnen1sfinyn gradient temperaturefigavniif 38, 42, 45 uaz 50 aeen

- Yo v & s . . = .
wades uazldnietnveade 1T passionfruit 11U postive control

T1sunsu real time PCR 484 L‘f?@ potyvirusgroup
94 peruFRIFEE 15 UM 1 sou
94 DIRUBALTYA 45 TN
38, 42 45, 50 A IALBYE 30 7N 40 591
72 DA BT 2 W

72 B UBALIFOY 10 UM 1 59U

= d vy &4 w o t 5 Ly
9. ﬂﬁni’]ﬂz%‘uegamaﬂ‘m’nuﬁ%lﬂ‘t!ﬁi‘ﬂﬂ1ilm5izﬂW]L“Iié)‘l’aiﬁﬂuuﬂaﬂﬂgmmaﬂ’n&mz
falnena

o ¥ & qa: @ w 1 4”! w A Y 4

Tﬂﬂ‘uwagaMﬂmiﬂﬂ“ﬂﬁ’]\i‘r‘mﬂ‘u‘l?ﬂﬂ’Jma'uwuﬁiﬂEJmW’IﬂmN‘UFNW%)1’]5?1‘1/1&'11']‘1/]1?118
' o o A das a d k4 W YA a oA A
5’Jum\i:lullﬂ\iﬂ’]1llagﬂjnﬂﬂ']’3 ﬁxllJ‘lf?ﬂ‘V\L]JUWTﬁg IIUNIUEN 1ﬁlﬂ@u9‘]aﬂiu@u TYWY UATWY
¥ = £ g A o da A o qua ' A n oo 49, A
YIUAYY BN 'E]’H]n.h-!w%@']ﬂﬁVIﬂsU@\uslfl")ﬂ_ﬂwlﬂuuﬁa\‘iﬁ:ﬁul%@ 1]55“1“1%1?118 UANINT S

o i L] 2 @ o 1 é’ Y o A 8 o
fanulusude 1 mamnymnuduiuisgniuge iandwhatoudaslgnuasniuag

.
o as

- cly 1] 1 " v g @ o @ éf Av o do g
DIRATTIY asmumﬂﬂwium'sﬂaaﬂumim lAINIAAN T VB AT IS ANTURUTAY wunis

1 dy A g dy
AANITUNAITT ANYDNT a1fumIaa NI YD ULYe



UNA 4

WHAaN13INNl

[ U O‘J C; U & t=l < -7
1. msdnlsahialueannuazdidlnanilgnedulunudifeiu
° <3 Qs 1 z;/ o n:i 9 5 [
nnsdsaazinua e lutdne uazluuasnnnaateinisadielsa hieran
a @ ar dy A a [ Y [ o 3/ A o +d
siasignnilgaaduduluduiideiunendimsiuive sneasas lunesnd unethuaia
ar % I o ) 3 = o =) 1 o @ AR W
Jarmiamsys laginsdinaaeansdadundasdgamyguiiou 1l saziimstunndnuay
81713 WU NinHneNuaaImIvedlsa bia 7 ansuze1ns (nmi 4.1)1dun
a Y Y dw = v A ::iy a ]
) amawgnduauduly fuluvsrseusnanes lutadion Aagilsi
a qy a 1 = = Y A 1 1 = =)
2) 213 Tudalgaragls v FluRenswno vnua luwes Auluuwdudvaewnsn
i ¥
agauduly
= 9 & 1 q 1
3) ownnsdului Fdsudy Fawnaclvuanduluinluddorseu
1 A 1 o ~ Y o 9 =1
4) :imIANAIMAounIENeN ezt tua neduly s unassunsy
I~ a ]
5) 3 luGeuan Hagils
. 1 = v k2
6) oimsarameanauluazveululasas
\ 8
7) INTIYBDALUANWULD
sagwui luumanwueimveslsa hia 3 dnuazeints w422 - o) 1éun
D a1mIamasenssenaly
' = k4 dw P =
2) oimsalamasen iy Junu ludivhea
a o 4" a oA .
3) 8IMIIANRITIvYT n3zwNT Iy Wuludmaesgey
' A o ¥ ax . N & o = &
MIN1eNaa¥e 1150A87F Mechanical sap transmission  19403HAE1INUAAIRINTLITIY
¥ . v [
Tsalsa aswwulnfesguinvesnadnormuimailnenandisteemsi 1-6 annsanisnea
3wy ny 3 A w 1 a wor U W Yy 3’ qiz' ] o as [
ldashay  luvasiaiedee1n1sn 7 lamnseaienen laaleniny duuannlunndies
1 a [ U ¥ aa . .. 4
Yuaadeinsved]in Tanud @S0 1BNeAAI8IS Mechanical sap transmission aauu luAes
1 . ¥
AusnvaumInila Tag 81msi 1-3 vewasnruleninsnieneaiie Usingeninuieusu
4 : 2 L A 4 a .
(M 4.2 d) mavesnnuansn lumsteneade lastiinu luddns v lsafainen
isolate YB4RIHNY1ININAIBH19DINITAL-6 LAY isolate UYBIUAINIAA 1 F1961 WIIIAMFANY
=N g Q‘: AL
yuaveuie ludunouas 11 ’
v ] 1'd
mInaaaunyery Jasnsthdisdnvediidngidied e 1 - 6 yrhimsdgnideasuu

A¥NAT Y Chenopodium  amaranticolor i denniudszaa 2 Fdainud Chenopodium
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4 ° g .Y w 1] i U 9)
amaranticolor W3 gni¥e hialasdiegnd 1 uamwinsawaunduluuazeinisyauna
y 2 o . « ok g s 4
usagvululgnige @989 2 ueraseins atassnatwasuuasuulundgniae
v ¥ ]
f1e61 3 ugaseinsanadulunazeimsyaunauismouululgade d1ed1ed 4 uaas
;4 T
913 gannauingve uunaduasuulilgnidie dredwd 5 uaaseins wmurauRsEBYR LINAT
4 s 1 1 1 9 » ¥
uastululgnide Aredwi 6 naaseimsaanndulunazeinis yaunanitsnieuulinignide

(NN 4.3)



M 4.1 My laa lafavulusehornaniidisan
A [ = v 9 1 =) U =y
a) 910159 1 uAasdnyazemavs i nduly fuludeeeuinanes luiia
a’ =) 1]
1y) Wag Ui
v ¥V
b) 9113 2 narasdnumzeIns luda ezl dludvudiifeumia lunes
A’ ' = A i 9y
Awulyundiudivae wmsneganiduly
a o 9 AA A ¥ o Y A
) 9133 naas anvuzemaduluiidmdondu venanlusazsduluwuly
~ 1
MUy r00U
a @ v oA A ' o A v Y]
d) 9IM5N 4 LAAIANYULDINT ANTMADIBBUNT VIO TVUAIVYAVUA TITY
° =
1 drdunaszuniu
A [ ~ < a '
¢) 81NN 5 LAAANYUZDINS TuToudn Haglin
f) 81139 6 naaseIMsauIgIn A luve ulu TR

g) 9131 7 uaasdnyazaIMIaAuAnTIL D
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a o ' A o &
M 4.2 9103 Tsalas T lugesnnannsdissnaznsneneade miny
) 21NN 1IARIBNHULDING AlMABInNT ey
v ; 3
b) 8101350 2L Aade N5 Ararasseuduly wulufivaes
a o A~ o A ol oA '
¢) 91NN 3 NARIAAYYLE NI WARIAUL ATzaenilu nuludimaegeu

¥ v ¥ v
d) 91013 TN VLA AT IMs D enemds mi v luinenadu Tin

mﬂ‘lvumﬂ’nmmsﬁ e
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H lg o' g b ¥ ‘ M
Ml 43 nan1sdgrisedaniwunindedludaine i Tsagdu Chenopodium

amaranticolor.
A o 1 a4 ' v v
a) 1Az b) 1¥eRI96197 1 UsngeImsanamsduluiazains gaunauisaouuly
&
Ugnie
A o VoA A o ~ a3 A A
o) 1R 96191 2 UsInge s gamdesnininasuuasuulunlgnive

z o 1 { L 1 4 v
d)uag ¢) 1edvd N 3 Az Aetn 6 Usng emsanemdulunazeins

v X
yuwauisouu lulgniye

1 @ \ 4 b 1 §
f) 1eAI0t19M 4 LAz AIBE19N 5 BINI YALNAITIAIBYe LuNATUAILL Tugn
4
1¥®
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) e & & Y ‘=; Y er
2. MITATIVUNAINING 'Jﬁwifllﬁ%a’Wﬁﬂﬂa!ﬂﬂml!ﬁﬂ@ﬂ]ﬂ]iﬂﬂ]ﬂiiﬂ??iﬁ
o o s (] o A A 9 a 1 n o .
ﬂ'lﬂﬂ’ﬁﬂ'li")mlﬁzlﬂﬂﬂ3@51\33%W‘)5llﬁ3ﬂ‘h’1ﬂﬁlﬂﬂﬁﬂWU?1llﬁﬂ\1@1ﬂ15ﬁ]@\iTiﬂ l?iﬁiuy‘lﬂ
' 3 = Y 9 =t 9/ ¥ =
N9 aaeanal nudrnwuaz Rt 1ufos ldun ANY (Typhonium trilobatum Schott.) 11HAY
1 [ as 1 =4 - v
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