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Applying adsorbents for extraction buffers of insect vectors of the brown
planthopper crude sap to enhance Rice ragged stunt virus detection
efficiency by Dot-Immunobinding Assay
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unanga: lsalumindmneliAnaudsnelusedu 10-100% Iuﬂixmumiﬂqﬂﬁi’J’nv%L’JmﬁuﬁmmanwmﬂmﬂmaLLas
mawmieneudisesUssmalng Tnsflanmmainl$aluvind (Rice ragged stunt virus, RRSV) fiausacievanlsaldlag
LLa,JaGWWwLwaﬂﬂ‘iuiﬂﬂamma (brown planthopper, BPH: N//apan/az‘a lugens Stal) wmﬁ]auimﬂiuaﬂm%mmmm’mm
asazanetinesataiteandssumuiadediwaniuludusiamme LLauL‘Wmsuawaﬂm‘uamﬁmsmaaaauhsalumﬂ
P1iemaila dotimmunobinding assay (DIBA) nans3denwumn wilaansgaduszivaanuidudu 150 fadn3u/dadans i
mwamaﬂsvammwhmiammsumuiumv-wuLLuaqwmvmmnam Tawn weauANsTud LLmuLsusJaJaaﬂlﬁm uazezgiiilon
ponlen AuaIRy szjammmmmwulfsiaiwszamwmiwamqmammummmanwmv B WA 58215 UL NVEINNST
wSqivlnauissvevddute Taun 1:16-1:512, 1:8-1:512 uay 1:8-1:256 1911 Aua19U muumiﬂivaﬂmi‘umiqmum
asaiiuaanluazdszans nmmaenisnsavaeulidalunindluiduuiamnne e Tayafilaannsideassilasd
Usgleisionisinluussgndldluseauiest JUAn1shisainer nsfinwssuininewazufduiusveshisalumindnuas
WUBIWIMY TITINT IR UNNS MruAUlEUIBLaENMINRIUIENSAENTINLNTISNUTRY wazn1suImsinnshisa
ﬂaiiﬂsmmavLLuaqwmvlmamquﬂivawﬁm‘wLLavLﬂmﬂsvamﬁwamamamamUuiuﬂivmrﬂlm

fndndey: Tasaluviindn; indenselandihma; asqedfy; A95Uniy; wada dot-immunobinding assay (DIBA)

ABSTRACT: Rice ragged stunt disease has caused from about 10 to 100% rice yield loss in irrigated rice cultivation
in central plain and lower north, Thailand. It is caused by Rice ragged stunt virus (RRSV), transmitted by the brown
planthopper (BPH: Nilaparvata (ugens Stal). This research applied mixed adsorbents to extraction buffers to decrease
interference of melanin pigments in BPH crude sap and enhance efficiency of RRSV detection by dot-immunobinding
assay (DIBA). Results showed that maximum efficiency of 150 mg/mL interfered with adsorbents, including activated
carbon, magnesium oxide, and aluminum oxide, respectively. RRSV was detected with the highest dilutions of BPH
crude sap from the initial, through the adult, stages of insect growth at 1:16-1:512, 1:8-1:512, and 1:8-1:256,
respectively. Therefore, mixing applications of adsorbents can enhance sensitivity and efficiency of RRSV detection
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in BPH crude sap. These findings may be useful for virology laboratory and epidemiological studies of RRSV
interactions and insect vectors as well as planning, setting, and developing plant protection strategies and policies
for sustainably effective rice virus and insect vector management in Thailand.

Keywords: rice ragged stunt virus (RRSV); brown planthopper (BPH); adsorbents; interference; dot-immunobinding
assay (DIBA)
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Tsaluviindmvelsngdna (Rice ragged stunt disease, RRSD) daifiulsalasadngtieifawmmanlasaluvingm
[Rice ragged stunt virus (RRSV), Oryzavirus. Reoviridael (Chen et al,, 1997) flaunsasenenlilnsuuamivzsinmnae
nszlandvinia [brown planthopper (BPH), Nilaparvata (ugens (Stal), Hemiptera : Delphacidae] (Ling and Aguiero,
1977; Ling et al., 1977) sﬁqﬁqﬁamiaimsizmmiuﬁuﬁL‘Wﬂs‘dqﬂsﬁnﬁmmgﬁmﬂLal,%ami'uaam?mﬂﬁl,l,a:L@L%amﬁuaaﬂ
Tngnslitinanudsnelusedu 10-100% (Palmer and Soepriaman, 1977; Naik, 1979) d@usulsealnelsaluningn
wunsTenuadausnidiod we. 2520 Tuusafiuiivgndrudsiug nu7 (paddy rice variety RD7) SnauIL YT 87
JI1TRaLLTANI1 (Chetanachit et al,, 1978; Disthaporn et al., 1983a; Disthaporn et al., 1983b) LAz WUNITTLUIAVD
wasnsylandthmaluiiuiivsaussmuuinananamesssndlng %’qLﬂul,mmﬂqﬂﬁz’J’anéﬂmgﬁuawizmmé?al,wi‘ﬂ WA,
2516 LLazizumL%"aamauﬁqﬁmﬁu (Na Phatthalung and Tangkananond, 2017)

hsaluindniidnvazeymadugunssnauvanomaen (icosahedral particles) vuinUszanas 60-80 uluwing
(nm) 13JﬁL‘1J§EJﬂ%uuaﬂ‘vfaﬁu (non-enveloped virus particle %30 naked virus) Lwiﬁ‘f?umiﬁuﬁaﬁ:ua”liﬁub;ﬂ'i'im (capsid
protein) 2 4u (double shelled) ansitugnssuvadlrfaiiusiinensiduioamseidunss (linear dsRNA virus) $1u7u 10 Fudau
(segment, $1-510) Tau0g n18luoyn1AAEITY (monopartite virus) YRR WA 1,162-3,849 fLua Tevinliiiauiadluy

[

Uszana 26 Alawa Felldviuindlolnduuveusndfiuate 5' uag 3' (conserved terminal sequences) WilauiuynTusaIu

v

voRluy wasilwiinluanalaeuseana 0.76X10°%-2.48X10° a1asu (Senboku et al., 1978; Yan et al,, 1992)
WniladouavesiaaeulsefianilannnanhyaduiodutuneuiidAydunsndmsunisudmsdnnisisa nildly
wAliAI5N15319dukaEATIaaUTINaINYaY Av WATANISTTUINgT (serology) lngaAuUAse1dnizsionuves

wouRAlauuAzLaURUBA (Na Phatthalung et al., 2017a; 2018) WwAllA dot-immunobinding assay (DIBA) 1umaiansdsy

ad

Inedindnasiudedrtunaia Enzyme-linked immunosorbent assay (ELISA) 101357 lvnarudnas 1dsvagiaan
FUAUNTEY @uNsansIvaausiagalamdusuiuin IUSuumeg ety LavaunsaauNalsogausugfen

wWa (Yoshikawa, 1986; Na Phatthalung et al.,, 2015) n1sasiaaeuladalunmelagninanldegianitens \esaniduas

'
N

Manunsansvaeulifaiiedosiunisunsssuinvedlsalanusisyesisuusn wailla DIBA Jsgnihanyszendldlunisnsivaey

Ao o a A

157 nilaludumnouidfn Ao NS ENUIAUAL 881N BNITANTIEBY bLBI9NNTUSUINVBIFEI5UNIU (interference) 7

£

o '
[ =

ﬂmﬁauaaﬂuﬂm}muqa FaagsuniumInsadeuUjisevuiisesiufasoniidaudunegdefuresoufiaunas
LouAvef uazvnfivsanailadaluiog1sdn (low virus content) e19shlsssnuraiAnemnaIaipd ol INKaUIN
Unaaw (false positive) iagnaaulasu (false negative)

Yoshikawa et al. (1986) 15ﬂ§UU§Q%ﬂW@U‘U@QL%ﬂﬁ@ DIBA iilovnanmziusngandiviunsmsaaeulada wui
weufvefiithanlfazdowhuiisesulusfiuamiduseanidewdioanufiseunsndou (non-specific reactivity)
losmnlusivluthéy uasldmegnaidy (crude sap) lumsnsaeaeuladausuna 1-5 lulasans Seasdanududuves
Tn¥alushdusyanas 2-10 unlundy wagsyauAINTuTasaURUBseYluYINTIN15IRB14 1:100-1:1,000 Wi Sﬁuagﬁu

AN MTBILEUAUBRAKAzSEEzIATlT U USRS 1Wusiu uenand Chen et al. (2012) ldnsIvdeu Southerm rice

black-streaked dwarf virus (SRBSDV, FAjivirus. Reoviridae) lnausegndldansgadusiuiudvinasaredunidinousyiiiu
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o [

UsyAvEnimnisanuBinadesuniusianaelsiladlusosnaidudiy wui Uszavisnmvesansgaduiiszduanuiduduy 150
fadnsu/Taddng Wn/ua.) laun ezqiillovsanled wundienesnled uulnlud wagkearuiudud auaau uag
UsgAvBnnwasiihazansdunddisefuanududu 1009% 1dun wefiaosdian ozdlau lonuea wmuea wazlaiedia
Bied sy uaraINTIBUNaNITISEvesAnLIdY Na Phatthalung et al. (2017a) Idnsaasulifalunindnluthdy
wwmewaila DIBA lngnisldviinansaaduiduiaeiun1ssenueeas Chen et al. (2012) wui1 msUssgnaldansanduyin
winfideusenlusuazezgiidousenled Wisuiisutuuulnluinasnsusuiudfissdueudutu 150 un/ua. a1unsn
WiaszAvsnnaesnismsnaeuhdaluthdufivusnaluwas drduldfidassnmmaionsgean 1:1,500 uag 1:1,000 i1
iy wandelduuniiBonsenleduaziuulnlu fvezgiidousonladuasadudutud aunsansvaeulidluihdy
firunusnuesiuinldivaadnsnisidensgsga 1:50 uaz 1:100 Wi awady FeanunsansavaeuUFmannududy
vadhifalurindfiviinluuasdidu uastdnasntosniniuds 3 way 10 wh sudidy Fedumsussgndldasgaduly
mawdeaiduiegisdmiunisnnaaoul¥adiemaia DIBA # SsaunsafiulsyAnsnmuazealvedisnimnadey
g1

miAfpatiuiiddimuimaiia DIBA femsUszgndliansgaduimiuasazansiminesatnfioandssuniusia
Windwaniiu (melanin pigments) Avulauludunsunsiwisnidunuamins wdenselandiimadimsunisnsaaaou
Tsaluvingnn Lﬁmmﬂﬁ'wutﬁaﬁﬂ,uﬂgﬂﬁguLmawsi‘umumiﬁwﬁﬁ%mﬁf\i’wwawiaﬁ’u%mwuawuLLazLLauauaﬁ pet N
%umaumammaawﬁﬁ%muuﬁaiaﬁwﬁﬁ%m wamﬁﬁ"&ﬁmmmﬁ%‘lﬁﬂumaLﬁaﬂLﬁaﬁwlﬂﬂizqﬂﬁ‘?ﬂu%umauﬂ’ﬁ
wissuegnshdilussduresufiRinsldaineuasmaaun dmsunisanaaeuhidluindnvieldaaimelsafiedy
q luwadasdidinliorfeviowadid i (host cell) Hauilaunammenazfivond Sm??wzLﬂwﬁayjaﬁaqﬁuﬁﬁﬁmlu
NsANYITEUININET Msfmuagnsaansuazuleutglunisuinisdanisilesnaunisaeuaiulsalazn1sensnuiy A1s
tloaifu muey uazidnusammzuaghizamglsadnlfesuiiuszansnmuaziindsyavinagegnogiadususssuiiddu

danAdeiuiItinuasnssuiudukaswinnssuadelnl saunsaniunsaidagduiasinluvssendldlaluauian

ada =
ABn1sAne
1. MSATENYTEYINITUNAIUTEND
AndenUszrnsindsnseland@dnnia (BPH, Nilaparvata lugens Stal) msnisianuaniaslyl (light trap) anduluas

InuUasugalseniuveunuasnsiuiui gnenuends Jaminuvusiil inndeaiusunalunsadvauaioun

16X16X24 17 Fenansaysieaaianeandeiiiiaaud 40 wn (mesh) nMeluaniniounansivesnadldsuasimmuiiig

s

nsuMs910 Asedugungll 2741 esrwaldya AT LAY (relative humidity, RH) Usanas 70+10% uazaaauas
(photoperiod) Usana 8-10 3./ msLm%‘amizﬁmﬂsuuaw%qw%‘ (non-viruliferous BPH population) T TP IARIRTR
Ingldeunandnd nu7 viiauaealsa (healthy variety RD7 rice plant seedlings) 81413 7-10 U Uawgausesnn 6-9 .
\Dufiverdouazfivermns Fuginmsudeslumanislivuiundrtneiinaselse (hidluvindnllannsadenendn
msldveauua) Mnduiusndundrdmiiuaddndiudiludsdunsafousaniioseszer lduuasiniduiuas
Winivlaasunsin Suauethedes 3 Ju (F) agliussrnsuanuSanitintdluniside vadasshmsdsudunddng
yinUaealsnyalwifiodounas desundiryaidmerldussan 50% (dnammy 3-5 fu) Tnsdunédneinuaen
Tsafhinsrlfidufiverfouasfivemsdmiuidsusasiuaglifinisdanuarsied wifinnsidndnveuuas iy ua wus

LALIIAN AEITNNTIUYINAE
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2. nawseuUszrnsautdulsaluninuazdudimagau
AMLEDNAUTINLENID1N15209L5ATUMINBE 19T ALIUINNWUAIUNIVAU TN UVBINEATNS PUN U B LN DN UDILED
Jadaunusnd dhuiwzvgnluseuneasaieldiluiiverduiiudiunalifadmsuniside wasldiudniugeeuue

wnsgulngaudin 1 (Taichung Native 1, TN1) 1ufianeaeulse lnsthsunardnageuriiauasalse (healthy TN1 rice

plant seedlings) 818917 7-10 Tu uaggeuseun 6-9 i, undndrlunszasfugunsenszueniule YuIn 6X6X6 in

A5¥A198E 3 ND NBaY 3 Hiu BaINtnmwas Janenanhsalurindlaemasnselanduinia

3. nsanenanaliFalurindinanivendeguuainine
fndenUssrnsuuasuianslunnssesmaigivinnusissgiseuruiesvesiauinte iohnisdiovenlasa
wazUdesusadligaiutnides (sap-sucking) mndutmiuansennsvedsaluninegredniau Tnsreudesluuasgaiiui
Aesndudniiiulsaerliusatensms (fasting period, FP) w1 1-2 v, LﬁaﬂiummﬂdaaLLuaﬂﬁ@ﬂﬁuﬁ;%gmmﬂﬁu
F1iulsa (acquisition feeding period, AFP) w24 vy, nvugoutasluidssuugund 4 na7 viavasalsa (218
417 7-10 Tu wazgeusyund 6-9 w3l Feluiivefouazitvevns oseszozudsluuuas (alent period, LP) 41U 3 U
wasdsagiinmeudswedhdalumad deliusingdnunreinis (asymptomatic infection) Mniudsseszernandaiosuis
szuzindaluwnas (incubation period, IP) w1 4-8 YU wuasisaziinginssudunmglunisarenenlisa uazazyinis
WasudunddnyelmiiedesuuandefudnyaiiEuiieldszaa 50% nniuisnidenussmnsuuamive ity

nsanemenlada (viruliferous BPH population) Tunnseznisiasafivlaniussserfmesuauisssesiuauivunldlunside

4. mstenenliFalumindrianuuasnvegdudimasau

Y v

AnLdenUszInsuNasn v lasumsatenealifaiionisatenenlifagiunantimadey I1uIu 3-5 d/6u

neuddeelviuuasmivzggaiuiiieindunatimaaeuliuazlviluatenamis Ui 1-2 3u. WeasunaUdesuuadlvigaiu

Judeansunaitiierinnsanenentiga uiu 2 Yu Mntudaihsunattnineasunlesunsanenen i Saluninwa LNy

astesiuidauuas uazihlalunssuuin 20x20x42 {7 Fawdenseysegdsatamosndesiifianud 40 wn dmsulddu

wrasvasivaduinUsunal$aluridnd 1l wasdunsdnuuee1n1sUaalsAUUNYD Y

5. nsasaadaulasalurdndnlunsawvizalewmatia DIBA
5.1 NSLASENUIAULNAININE
o A A v | ) Y Y| v & o ° ) o ' |
AaLdanuuasnvenlasunsanevnentisalusvesiioouisf 1-5 wagidule Sy 1 §/1 fege ldvaen
Tlasigunstiag v 1.5 ua. thldifufigamall -20 ssrwaded wu 3-6 vu. Weasusseviaiivaentulasiswnsiindf
wlsuliunfvansazatetwesania (extraction buffer, EB) Akdifu (Table 1) 371U 0.2 ua. wasnautiesadiniu

wuadlidrfiumenislitiunsnludfgaansazanedviesainduas iieuauuadluasazaednivesanin anlunaudiaeng

(Y4

TR fudsinIosweauasazans (vortex mixer, VM-4, LABSHOPS) weiunu 2 uril dhlumyuimiesdioninunia 16,532X g

Ngungi 4 esrwalded Ui 10 Wi WeasuszesanivaenlulasiwursinivasafunuauiaduasazaneUiles
afarenslEUUndnluifviigidn 2 seu suanusauauuadluasazaretinesadalidndu wasillonyumisaluns

v Y =%

gavneuas Jmeansazanediuvuvesihauuiadldanasnlilasieun3iagd vuna 1.5 wa. vaealnl dWewseulidmiuniside

Tudumnausall
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5.2m3uszendldansgaduiuivasazareivinafanauiauLaaInIgg

v v
o

aspaduninlesiuivasarargdnimesaiaiAuiuamivelunsideasell AakUainInnsTenuves
Chen et al. (2012) u@a¥ Na Phatthalung et al. (2017a) Usznaumeansaadu 3 ¥iln lawn wuniideueenled [magnesium
oxide (MgO): M] ezafliflneanlan [aluminum oxide (ALO,): Al LagusnuAuuA (activated carbon, C) FesgAuAIw

Y

Wutuvesansaaduwsiazyiianuiunly Ae 150 un/ua. WngnavasgaduivinAuuiasinssuaigasazatednmlesanaly

'
a

dnifusheedemanansavany Juunu 3 und mnﬁu'ﬁaﬁwlﬂmumi‘lwﬁamm 14,078X ¢ il 4 psrwaided U 10
W% uddaivansasansauuuanlglunside
5.3 ms’“a’mﬂ"]msg]ﬂnﬁuuawaeﬁﬂﬁu'mmmwms

iniduusammeiinonldluiasin1sganduuas (absorbance, A) Faeiaosiar1n1sganduuas (Thermo
Scientific™ GENESYS 10S UV-Vis Spectrophotometer) Imav‘hmii’mﬁhmiamﬂﬁuLLawad%aﬂuﬁjauﬁa?ﬁwmmﬁmﬁmﬁ
wanflufidnaueninduugs 405 (Ages) WITULLAT MIUNTITIIBIUVBS Huang et al. (2015) waz Siwanowicz and Burrows
(2017) Tngldnduluamsaranel$ashedenteimirnfigus (blank)
5.4miﬁamaﬁﬂﬁ”mmmwwxu,a::msm’%'wc?f';a&iqwul,l,siuluimwagiaa

LLU'W'ENLLBJuluImL‘UaQIaa (nitrocellulose membrane, NCM: pore size 0.45 pm, Bio-Rad®, Cat #1620115)

Toifluin 1X1 msawudiuns e 1 fegs uddaipmiafiedueiomne thuiululsisaglasudluasazaretisles
affn w15 wit udafdlilFursrlgnmaiivies (25 ssmwaiTea) uw 15 wifl nduiadonaihduwammeiiadalide
Prlwasanawuvaasinannualn (two-fold serial dilution) Tilaensn 1:2-1:16,384 i nenfnog i ALTsnIIN5IE 090
funnsinatu fegneUiunasas 6 lulasing aswuwsiululnsiwaglas (ennssay 3 lulasang) uasialiliuisrianmaiivies
W 10-15 U1l
5.5msnrndeulfissriiiatuvuwskiululaseaglag

Mnsm3enansiadl (Table 2) m"wLﬁuﬂﬁﬁ%wLLasmwaaUUﬁﬁ%mﬁLﬁmsﬁyuuul,wiuluimwaqiaa A1UNT

5789117049 Rattanakarn et al. (2011) way Na Phatthalung et al. (2017a) fenisldansazarsuweuadsuveslisdlumingn

(anti-RRSV IgG) 7180510154399 1:1,000 1w lun1snsiadeusauiuansavans BOP®/NBT (SIGMAFAST™, Lot #050M8214)

o

Faldiduanses

£ & o

AuUNoduaLAIN (substrate) wazlouluddanlauneanina (alkaline phosphatase, AP) (ZyMax™, Lot
40688597) fishs1N15150919 1:5,000 win Lﬂuﬁhﬁi’gEfl,umssua'1EJﬂmm’mwm‘vﬁaﬂsﬁﬁmwmaﬁ%n’ﬁmmaauﬁﬁ%m‘uu
wriululnsieaglaa uazngaufiselaensliiindu Sauiululaneaglaauuiaiosasn froaunda 10 seusound 4
gaumgiivies w1y 5 w1t uazthusululnsieaglaansuunszniunsos Fuauuis MntunmvdeudvesfAsendiintu

(pdoutheudululasiwaglaalaglduindu uagdufifnnsdesaiugaile)
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The non-viruliferous BPH The transmitted BPH The BPH populations were The absorbance of the supernatant was read
populations were fed on populations were transferred collected and ground in at 405 nm (melanin pigment).
RRSV infected rice plants and reared on the viral-free extraction buffers. ‘
for 24 hrs of AFP. rice plant seedlings for 3
days of LP and 4-8 days of IP The high efficiency reduction capability of extraction
buffers to melanin pigment were collected.
SHEE : |
olwle|e|e
- —i - The adsorbents were added into the collected
extraction buffers.
The sap samples were diluted with The adsorbent was added into the collected
dilution buffer, dotted onto the extraction buffers, centrifugated, and the
NCM, and detected by DIBA. supernatant was read at 405 nm.

Figure 1 A flow chart of the applying adsorbents for extraction buffers to enhance RRSV detection efficiency in

BPH crude sap samples by DIBA (In brief)

6. NFINUNUNITNAGBL N1TULTN wazNsAAszidaya

MURUNTNAGBIRUUANANYTH] (Completely Randomized Design, CRD) TnewmIonansazanetrwlosatmdud
79804 (treatment, Trt) 319U 16 vllnasavaretuesann Lavuraveinansazaneimlefatmtu s e unaadly
UayIZZNITLATYLAULATOIIAY Fussverigouion 1-5 LLaxixaxéhLﬁmi’sﬁgwﬁmwvaiéltamwmﬁﬁ wavdnuazdnieie
Indunozdnen waztnhduuiammediiouldluiadinsgandunasiaeyhnismaaesionun 3 51 nduiedum
Uszansamwesansazanetilwledainlunisied sutiauuiasme (Equation 1) LLazﬁﬁay‘ammiamﬂﬁuumﬁ%wmlﬂ
AATANULUTUTIUNNEER (analysis of variance) WiguiguauuUsUsIuvesdayans ANOVA uagileuligunin
uwanAavesradelagds Duncan’s new multiple range test (DMRT) fiszdiupuidesiudesay 95 (p < 0.05) frelusunsa
d11593U SPSS (SPSS 16.0 for Windows®)
Equation 1: Reduction rate (%) = [(C - T)/C] x 100

Note: C is the number of control sample, and T is the number of the treated sample
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Table 1 The extraction buffers for DIBA

EB Extraction Buffers and Components References

Code

EB-1 Distilled water (control) —

EB-2 0.01 M Phosphate buffered saline (PBS, pH 7.4) Rattanakarn et al. (2011);

EB-3 0.01 M PBS + 2% Polyvinylpyrrolidone (PVP) (PBS-PVP, pH 7.4) Na Phatthalung et al. (20173,

2017b)

EB-4 0.01 M Modified PBS-PVP (M-PBS-PVP, pH 7.4): 0.01 M PBS-PVP + 0.5% Carbon Modified from Na Phatthalung
tetrachloride (CCly) et al. (2017a; 2017b), and

EB-5 0.01 M M-PBS-PVP-Tween 20 (pH 7.4): 0.01 M M-PBS-PVP + 0.5% Tween-20 Ahangaran et al. (2009)

EB-6 0.1 M Tris-HCl buffer (TB, pH 8.0) Modified from Senboku et al.

(1979), and Yang et al. (2017)

EB-7 0.1 M Modified Tris-buffered saline (M-TBS, pH 7.5): 0.1 M TB + 0.15 M Sodium Modified from Babitha et al.
chloride (NaCl) + 2% PVP (2006)

EB-8 0.1 M M-TBS-CCly (M-TBS-C, pH 7.4): 0.1 M M-TBS + 0.5% CCl, Modified from Firmansyah et

EB-9 0.1 M M-TBS-C-Tween 20 (M-TBS-C-T, pH 7.4): 0.1 M M-TBS-C + 0.5% Tween-20 al. (2017)

EB-10 0.1 M Phosphate buffer (PB, pH 7.4): Na,HPO, » 2H,0 + KH,PO,4 « H,O Modified from Dijkstra and de

EB-11 0.1 M Modified PB (M-PB-PVP, pH 7.4): 0.1 M PB + 1% PVP Jager (1998), and Dje and

EB-12 0.1 M M-PB-PVP-Tween (M-PB-PVP-T, pH 7.4): 0.1 M M-PB-PVP + 0.5% Tween-20 Diallo (2005)

EB-13 0.05 Modified carbonate buffer (M-CB, pH 9.6): Na,CO3 + NaHCO; + 2% PVP + 0.5% Modified from Filloux and
CCly Girard (2006)

EB-14 0.05 M Modified sodium phosphate buffer (M-SPB, pH 7.2): Na,HPOq4 « 2H,0 + Modified from Kearns and
NaH,PO, « H,O + 2% PVP + 0.5% CCl, + 0.5% Tween-20 Mossop (1984)

EB-15 0.1 M Modified potassium phosphate buffer (M-PPB, pH 8.0): KH,PO4 + K;HPO4 + 0.1%  Modified from Dheepa and
2-mercaptoethanol (2ME) Paranjothi (2010)

EB-16 0.1 M Modified borate saline buffer (M-BSB, pH 8.3): 1M Boric acid + 1.5 M NaCl + 2%  Modified from Hettihewa et al.
PVP + 0.5% CCl, (2018)

Note: All EBs were calculated into a final volume of 100 or 1,000 mL, adjusted solution to final desired pH using concentrated hydrochloric acid

(conc. HCY) or 2 M NaOH, autoclaved at 121°C for 15 min. at 15 psi, and stored at 4°C or room temperature (25°C), respectively.

Table 2 The solutions for RRSV detection by DIBA

Buffer Solutions Components References

Dilution buffer (DB) 0.01 M PBS (pH 7.4) Rattanakarn et al.
Blocking buffer (PBS-T-SK) 0.01 M PBS (pH 7.4), 0.5% Tween-20, 5% skimmed milk (SK) (2011); Na Phatthalung
Washing buffer (PBS-T) 0.01 M PBS (pH 7.4), 0.5% Tween-20 et al. (2015; 2017a;
Antiserum buffer anti-RRSV IgG diluted 1:1,000 in PBS-T-SK 2018)

Enzyme buffer GAR-AP (ZyMax™) diluted 1:5,000 in PBS-T

Substrate solution 5-bromo-4-chloro-3-indolyl phosphate (BCIP)/nitro blue tetrazolium

(NBT) alkaline phosphatase substrate tablet (SIGMAFAST™) (pH 9.5)

Stop solution Deionized water
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Figure 2  The efficiency of EB-12C (A) and EB-14C (B) to enhance RRSV detection by DIBA
Notes: NC = negative control; PC = positive control; Male-SW = male short-winged brachypterous form; Female-
SW = female short-winged brachypterous form; Male-LW = male long-winged macropterous form; Female-LW =

female long-winged macropterous form
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Figure 3  The efficiency of EB-8A (A) and EB-12A (B) to enhance RRSV detection by DIBA
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stages o 8 stages o 2
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Figure 4  The efficiency of EB-8M (A) and EB-14M (B) to enhance RRSV detection by DIBA
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(Na Phatthalung et al, 2017b) fatiuasgaduiildlunisidonssilfsaunsaiiosvssgnildiiieumadenluduneuns
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Table 3 The summary of the efficiency methods used for RRSV detection

Rice Plant Parts BPH Stages
Detection Methods References
Leaves Shoot Root Nymph Adult
Dilution end-point (DEP) 10° - - — 10°¢ Senboku et al. (1979)
Nucleic-Acid-Based Techniques
RT-LAMP 1:1,000 — — — — Lai et al. (2018); Le et al. (2010)
Conventional RT-PCR >1:1,000 — — — >1:1,000 Lai et al. (2018); Lei et al. (2001)
Nucleic acid hybridization 1012 — — — — Pochanukul (1995)
Serological Techniques
LF 1:10 — 1:40 — — Omura et al. (1984); Omura
(1985)
ELISA 1:8,192 — — — 1:10,240 Luisoni et al. (1982);
Hibino and Kimura (1982)
ACP-ELISA 1:40,960 — — — 1:12,800 Liu et al. (2014)
BS-DAS-ELISA 1:10,240 — — — — Chotelersak (2000)
DAS-ELISA 1:5,120 — — — — Chotelersak (2000)
Indirect-ELISA 1:1,024 — — — — Srilunchang (1996)
IC-RT-PCR 1:655,360 — — — — Liu et al. (2014)
ICA 1:10 — — — 1:10 Rattanakarn et al. (2011)
ISEM 1:1,000 — — — — Luisoni et al. (1982)
Conventional DIBA 1:500 1:500 1:10 1:50 1:50 Na Phatthalung et al. (2017b)
1:1,280 — — — 1:1,600 Liu et al. (2014)

Modified DIBA with chlorophyll  1:1,500 1:1,500 1:100 — — Na Phatthalung et al. (2017a);
adsorbents Na Phatthalung (2014)
Modified DIBA with adsorbents — — - - 1:256 1:512 This research

in BPH crude sap

Notes: RT-LAMP = Reverse transcription loop-mediated isothermal amplification; LF = Latex flocculation test; ACP-ELISA = Antigen coated
plate enzyme-linked immunosorbent assay; IC-RT-PCR = Immunocapture-RT-PCR; DAS-ELISA = Double antibody sandwich ELISA; ISEM =
Immunosorbent electron microscopy; ICA = Immunochromatographic assay; BS-DAS-ELISA = Biotin-streptavidin double-antibody sandwich

ELISA
nmsfaumaia DIBA lumsasiaaeulidadluviindndmensdssgndldasaadulunswieuiauuiadunuyidel

JumsuszendldiiieandssunivluihAuiiasasiiunnulwesnsvuiisenfisimnzsenitueufiausazioufivafuudn
v aaa a v ao - N AN = . =
seafulfisen lnevliavesansgaduiianldlunideassiiiant@vilviuisuwiasiaiula (clarfying agents) uagiduans

'
aaa 44 =

figaelunisanaznaulusiu (fining agent) LLaz?fasumuﬂgmmau 9 b'a'aLﬂuﬂszmumiam%’umamamw (physical
adsorption %38 physisorption) (Leite et al., 2012) mﬁmmsam%’uﬁﬁﬂszﬁm%mwqaqmiumsam?{qsumuLLazLﬁma"mﬁms
Beuhruuuadunisasageulfalumindnaemedn DIBA vasnsideadad Thun neawiusiug wuniiousonles
wazorgiiuneanled mudiu LLazmsLU%'auLﬁ&mauﬁ’amamamwmaamigm%’uﬁy’ammﬁmmﬂmﬁmummismmsmmm

$4 Table 4
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Table 4 The comparison of characterization of adsorbent properties

Characteristics of Adsorbent Activated Carbon (C) Magnesium Oxide (MgQO) Aluminum Oxide (AL,O,)
Molecular weight (g/mol) 12.01 40.3 101.96
Average pore size diameter (nm) microporous (< 2 nm), mesoporous (2 to 50 nm) and macroporous (> 50 nm)

(Herawan et al., 2013; Funabashi et al., 2017)

Surface area (m%/g) range 500 - 2,900 range 200 - 700 range 300 - 700
(Chaemsanit et al., 2018) (Isahak et al., 2013) (Stengl et al., 2003; 2004)

Pore volume (cm?/g) 0.1-08 >04 >0.15

Surface polarity non-polar non-polar and polar polar

Specific gravity (g/mL) 18-2.1 3.58 37-40

pH range 5.0-10.0 10.3 3.0-8.0

Melting point (°C) 3,550 2,852 2,040 - 2,072

Boiling point (°C) 500 - 600 3,600 2,977

Surface functional groups carbonyl, lactone, phenol,  hydroxyl, methyl, etc. hydroxyl, carboxyl, etc.
quinone, pyrone, ketone, (Chizallet et al., 2006) (Pletincx et al., 2017)

aldehyde, carbonate,
hydroxide, xanthene, etc.
(Tessmer et al., 1997;
Bernal et al., 2018)

1
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anspaduriansauiuiuddiotinUssgndldluniswSenuinAuuuasiionsiaaeumemaila DIBA lun153deil
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a11150n533a0UlAANERTIN TR 0IAULNATL NN T ULl suisuiunsUsEe ndldansgaduvia uunilidey

a a
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Goto et al,, 2015) AssuniulutAuulAEREgNAATUUUNUHINAUANTUAAIELTIRNATENINLUANATIUTELANUTIRIGA
9819891 (weak molecular interaction) LLazLLiaﬁﬂamaﬂ'NLsﬂ’u (strong molecular interaction) 1o un Wusglalasiau
(hydrogen bond) Wusyseninaluianafilaigeuun (hydrophobic bond) w3dwiwnasa1ad (Van der Waals force) wagiss

v
a o ' sy a a '

Fagszminedn (dipole bond force) Lusiu (Chaemsanit et al., 2018) Snvimsduitusuddsfiulnuomyddylumainy
vulluiaansgeduiinanuaieisesnlssveansauazeenledvonua savaduasgeduitlifinau e uagilsnagn
(Tarapitakcheevin et al.,, 2013)
Lw?iyaﬂiﬂmﬁ‘fwmaLfluLLaJanﬁﬁm3LUﬁauLLUaﬂgﬂiﬁw?ammamgﬂLﬁamiw%‘zylﬁuimLLUUiﬂamgiiﬁ (hemi-
metabolous %38 incomplete metamorphosis) %ﬂtﬁumsmumiL%%@LUgauLLUadiuﬁﬂuujaLLasg‘tJi"N Fofuaniiioates
funsifindiuead (cell multiplication) Mstasuutasguaiiensyihminfiamsvaasad (cell differentiation) uaz
miLﬁGla’?ﬁnzgﬂiﬂwaﬁﬂﬁ%% (organogenesis and morphogenesis) lagia9as3in (life cycle) uualailu 3 szog @ (1)
svoylal (egg stage) (2) svoy@Igou (nymph stage) %qﬁizazﬁuaaLLmaqﬁagjiwﬂNmsaaﬂﬂiwLm'azﬂ%ga (instar) 974U 5

o

svey uay (3) svavddnde (adult stage) mua1su FenisiasaAulawuuilidiuannazldisnisasnasiu (molting) dnwady

vaeisaukazdufniasizuinalaeia o Wmiloudu usszasduiivuiavesdss Wawinisvewnuln wazdvesdsn

(Figure 5) (Na Phatthalung and Tangkananond, 2017)

Figure 5 The developmental stages of brown planthopper (BPH, Nilaparvata lugens Stal)
(A) egg stage (6-7 days); (B) the first instar nymph stage (3 days after hatching, DAH); (C-F) developmental stages
of second to fifth instar nymph at 5 DAH, 7 DAH, 11 DAH and 15 DAH, respectively; adult stages (13-15 days) of
the short-winged (SW) brachypterous form of male (G) and female (H); and the long-winged (LW) macropterous

form of male (1) and female (J), respectively (Figures were captured under a stereo microscope by researcher)

FnwarnaneaInauadlussezieauief 1-5 T (Figure 5B-5F) fn151UasuuUaan1en1uas sInen iy
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. o X = = o o = v ) 1 & . a
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v o w = & 14 < = v o 1y = 1%
N9a1R0Na (body wall) Fadulassasianszidenisuen (exoskeleton) dintnvdasiunisnssnunsziiiou @i

a¥ozdesiui uazlimhdean windouuazaisang 9 lnganansauvslaifudulvg q 3 Fu (Pan et al, 2018) loun (1)
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Hidutuiidanslafiu uaz cuticular proteins (CPs) FeUsznausetuuen (exoculticle) Aiddunariidnvaruds uavduly
(endoculticle) Aifidansuazuuuinfudumisiing (X et al, 2014) feduenanusnamildifvouuasdaslaiuud
filszneudedadndniididy Ao Wiadwandiu (melanin pigment) Faduansuseneuidsdouniadanin (biopolymer) 7l
ANSLUABULUAMNTEEE AN SYDUNAINEINANAs U Bunanad AuRsdtinanas audsy (Kishnaiah, 2015) (2)
wisddtunans (epidermis) Saliutuvoneadiiiitin uay (3) nlddtulunietubosesiugiu (basement membrane)
Fadutuun 1 lfiwaddussdusyney Waanmsadwemdiddtunarsdsdddmsuduiidanizendunie audi
uanINMsUAsunlasdnunrdvesdriuuauds Sndnvazuilsiusnguiudn fe dvesniw Fedadudnuny
dindfueadiuld (ommochrome v visual pigment) Tnelidndndnaosuiin fie xanthommatin Fun1a) uae pteridine
(E#una) 1udu (Shu-hua et al, 2016 Jairin et al, 2017) uuasluszozisouaziinduns uazazidsududuinaiduiy
auszeznsasaiule feadulidnluszeziseuion 4-5 warszozdudiute usnInidnuaEmIna e adiy
swovifuoranaiuosmadoasidnuaslnsaiandiouty uiusaunadednlvajazioualaindiumes uasiafute
Agildnuazrousuln (wing-dimorphisms) 2 JULUU fio wuudndu [brachypterous form w3e short winged form (SW,
non-migratory) %38 half-developed wings] tazluuUna1 [macropterous form %38 long winged form (LW, migratory)
%39 fully-developed wings] (Figure 5G-5J) %nmmamﬁmlﬁﬁgﬂmﬁﬁuasmeﬁa Fuduteriiednduszduliilfuavarende
ogluuUasufionafutndsuasveieiugvuiud1n daudnsutordadneniasamnsaduonewoonlunuuasmild

(lwanaga and Tojo, 1986)
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Appendix 1: The efficiency of extraction buffers to BPH-melanin pigment reduction
Melanin Pigment Absorbance (Aygs)

BPH-Instar Nymph Stages Wing Dimorphism of Adult Stages Avg %

EB-Code
Fist  Second Thid  Fouth  Fn W HW r=3) Removal
Male Female Male Female

EB-1 0.014 0.017 0.038 0.070 0.120 0.304 0.310 0.314 0.321 0.168 0.000
EB-2 0.013 0.016 0.036 0.069 0.119 0.302 0.309 0.311 0.319 0.166 1.190
EB-3 0.013 0.016 0.036 0.069 0.118 0.301 0.308 0.310 0.318 0.165 1.786
EB-4* 0.013 0.015 0.032 0.063 0.114  0.300 0.302 0.308 0.312 0.162 3.571
EB-5 0.012 0.016 0.036 0.069 0.119 0.302 0.308 0.310 0.318 0.166 1.190
EB-6 0.013 0.015 0.037 0.070 0.118 0.301 0.309 0.310 0.317 0.166 1.190
EB-7 0.012 0.016 0.036 0.070 0.117 0.301 0.307 0.310 0.318 0.165 1.786
EB-8* 0.012 0.016 0.031 0.062 0.114  0.302 0.300 0.308 0.313 0.162 3.571
EB-9 0.013 0.015 0.036 0.068 0.116 0.300 0.308 0.311 0.319 0.165 1.786
EB-10 0.012 0.014 0.035 0.067 0.116 0.301 0.308 0.311 0.319 0.165 1.786
EB-11 0.013 0.015 0.036 0.068 0.115 0.301 0.309 0.310 0.318 0.165 1.786
EB-12* 0.013  0.015 0.030 0.060 0.113 0.302 0.298 0.306 0.311 0.161 4.167
EB-13* 0.013  0.015 0.030 0.060 0.114  0.301 0.300 0.307 0.311 0.161 4.167
EB-14* 0.013  0.015 0.029  0.060 0.112  0.301 0.296 0.304 0.309 0.160 4.762
EB-15 0.013 0.015 0.035 0.068 0.112  0.300 0.308 0.309 0.317 0.164 2.381
EB-16 0.014 0.015 0.035 0.069 0.115 0.301 0.307 0.309 0.318 0.165 1.786

Note: *The high efficiency reduction capability of extraction buffers to BPH-melanin pigment in crude sap
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Appendix 2: The ability of extraction buffers for interfering removal in BPH crude sap

878

Sap of BPH-Instar Nymphs'/

Sap of BPH Adults®

Buffers Short-Winged Brachypterous Form Long-Winged Macropterous Form
First Second Third Fourth Fifth
Male Female Male Female

EB-1 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a
EB-4 7.143%7.143a 9.804+3.397b 15.789+2.632b 10.476+1.650b  4.722+0.481b 1.206%0.828b 2.473%+0.812b 2.017£0.368b 2.700%0.360b
EB-8 11.905£10.911a  7.843%+3.397b 17.544+4.020bc 10.953+£0.825b  4.722+0.481b 0.219£0.190ab 3.33310.372c 1.91140.319b 2.59610.180b
EB-12 7.143%7.143a 13.72613.396b 20.176%1.520bcd 13.810+0.825c  5.83310.834c 0.768%0.685ab 3.87110.323cd 2.548+0.319¢ 3.219+£0.360c
EB-13 4.76218.248a 9.804+3.397b 21.930%1.519cd 13.810£0.825c  5.278+0.481bc 0.87710.685ab 4.194+0.323d 2.97210.184cd 3.21910.180c
EB-14 4.762+4.124a 9.804+3.397b 22.807%4.020d 14.76210.824c  6.945+0.481d 0.877%0.503ab 4.409%0.186d 3.291+0.184d 3.63510.360c
p-value 0.152ns 0.004* < 0.001* < 0.001% < 0.001% 0.160ns < 0.001* < 0.001% < 0.001*

Appendix 3: The ability of adsorbents for melanin pigment removal in BPH crude sap

Sap of BPH-Instar Nymphs!/

Sap of BPH AdultsY

Buffers Short-Winged Brachypterous Form Long-Winged Macropterous Form
First Second Third Fourth Fifth
Male Female Male Female
EB-1 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a

(A) Magnesium Oxide (MgO)

EB-8M
EB-12M
EB-14M

38.095+8.248¢
26.19014.123b
33.333+4.124bc

35.294+5.882b
39.215%3.396bc
45.098+3.397¢

33.334+1.520bc
33.334+1.520bc
32.45611.520b

25.23811.649b
23.810£2.182b
27.61910.824c

16.38910.482b
17.778+1.273¢
18.889+0.482d

8.77210.190d
7.78510.190b
8.334+0.190c

10.753%0.492¢
11.39840.186d
10.215%0.372b

9.02310.184b
9.55440.552¢
8.9171£0.319b

11.423%0.360de
10.69610.180c
10.176%0.180b

(B) Aluminum Oxide (Al,03)

EB-8A 40.476%8.248¢ 39.215+3.396bc  36.842+5.263cd 28.09510.824¢ 17.22240.481bc  9.649%0.190e 11.398+0.372d 9.448+0.184bc 12.56510.360g
EB-12A 33.333+4.124bc = 37.255%3.396b 40.3511£3.039de ~ 27.619%1.649¢ 18.88910.482d 8.443%0.380cd 12.15010.186e 9.87310.552¢ 11.942+0.180f
EB-14A 26.190%+4.123b 45.098+3.397¢ 37.719+£1.520de  29.047+0.825¢ 20.555+0.481e 9.64910.37% 11.39810.186d 9.979£0.368cd 11.319+0.180d
(C) Activated Carbon (A)

EB-8C 52.381+8.248d 45.098+3.397¢ 39.47442.632de  29.047+0.825¢ 18.889+0.482d 10.636%0.190f 12.688+0.372f 10.72210.184e 12.877%0.180¢g
EB-12C 54.762+4.124d 62.7451+3.396d 45.614%1.519f 29.52440.825cd 22.22240.481f 9.64940.190ef 13.76310.373¢ 12.208%0.487f 11.423+0.360de
EB-14C 52.381+4.124d 60.785+3.396d 41.228+1.519¢ 31.429%1.429d 22.778%0.481f 10.416%0.190f 11.720%0.186de 10.510£0.551de  11.73440.180ef
p-value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001% < 0.001%

Notes: Appendix 2 and Appendix 3; ns = non significantly different; * = significantly different (p < 0.05); 1/ = Means [decreased percent (%) £SD] in the same column followed by different letters were significant
differences (p < 0.05) by DMRT; EB-1: BPH sap solution stock (control)



