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ABSTRACT

The fruit processing industry for export has faced problems related to the detection of genetically
modified (GM) papaya contamination, resulting in product rejection by importing countries. This situation has
adversely affected Thai farmers, exporters, and industrial operators. Consequently, Thailand is required to
implement screening for genetically modified papaya prior to export. Currently, the detection of genetically
modified organisms (GMOs) using real-time polymerase chain reaction (Real-time PCR) requires 3-5 days per
analysis, with an average cost of approximately 2,500 THB per sample. To address these limitations, the
research team conducted an analysis of fruit-processing production chains to identify critical control
points requiring GMO testing and subsequently developed a GMO detection system applicable to
papaya plants in cultivation fields, fresh fruits, and processed products prior to export. The study
revealed that GMO screening within processing facilities is generally conducted at two stages: (1) fresh
fruits before entering the processing plant and (2) finished products prior to export. A critical risk point
for GMO papaya contamination was identified during the sampling process for GMO testing before
processing. At this stage, representative samples are collected from multiple sources using large coring
probes, which may increase the likelihood of undetected GMO contamination. Furthermore, the high
cost associated with conventional GMO analysis presents an additional challenge. To overcome these
constraints, the research team developed a 7-mm stainless-steel papaya flesh sampling probe
manufactured from food-grade industrial stainless steel. In addition, a cost-effective GMO detection
platform was established, comprising a simplified plant DNA extraction kit and a genetically modified
papaya detection kit based on Paper Chromatography Dot Blot Hybridization Assay (PACHA). The
average costs of the DNA extraction kit and PACHA detection kit were 24.76 THB and 75 THB per
sample, respectively. The PACHA assay enables direct visual interpretation without the need for
specialized instrumentation. The presence of GM papaya contamination is indicated by the
appearance of a purple-colored dot, whereas no colored dot is observed in non-GM samples.The
papaya flesh sampling device, simplified DNA extraction kit, and PACHA detection kit were granted
petty patents by the Department of Intellectual Property of Thailand in 2023. The developed
technology reduced GMO testing costs by up to 80% and shortened analysis time by 86% compared
with conventional methods. As a result, participating companies were able to significantly reduce the
risk of export shipment rejection. Furthermore, the technology has the potential to be adapted and

applied for the detection of genetic modification in other crop species.
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(Buffer A) U3uns 30 faddns anunussanielundesuuin 10x11x11 gnuiafisufuns Gld
nagounsldnuiuiivdug wuin anunseldateidueainiiv wu uzavne uvidewe fhe Sursy
F1lna Son 41 el Tnsdudlodefivfuneanfaginanldléun o waslu s

nanfgigaaiafdueaniivedisie 1 naes annsaldaiafduelddiuiu 20 Moo
ndos wazganunsaniulifgumniiviesldduszernaiunu 12 iWeu funusaUszanas 495.18 U

fanaad (20 A798149) WALAIBEN9AY 24.76 UM

YAANARLI D NYDE191Y | |
(Rapid Plant DNA Extraction Kit) g
For 20 sample

320¢

MFD 3¢
EXP Store at &

AT 4 wuuaeREnARBERE 199 e (Kit DNA Extraction) dwiSuainfdueduau 20 faegns




2.2 MINAUYANTRFBUNMATUINIZANDAALUAIUSNTSUABWATlA Modified PACHA

mamﬂmiﬁwmﬁfj’jumaul,l,azssEJmaﬂuﬂismumimmaﬁmﬂimmazﬂaéﬁ’mLLUaaﬁuqmsmﬁ’asJLmﬁﬂ
Mo.PACHA (MWl 5) wudn vesfiduetignifisnFnasnomedieidens Uums 2 bilasdes asuuusiui
wusu MR g s S uet v ussusIieugs UV unan 2 uiit armuhusussmusun
avundedmUhURATeMTansavane Blocking Uinns 5 fiadams wenaesiufAzendunm 15w
T aumgiiviewaensveviann s asen PnumEsazaeii Waansarans Blocking vl U3inms 5
fladdns waz AntiDigoxigenin U3anns 2 lulesdns wenassiufazenduna 15 wiil lusumenl Anti-
Digoxigenin 24U U Digoxigenin Uuwawﬁmﬂﬁﬁ%mﬂ%aﬁﬁgﬂﬁ@lﬁéﬁ’jﬂl,wi%umauﬁwﬂ%aﬁ leasuan
WEnsaaneiie LasThnsanaurusILUsIE T inles Washing US1nms 20 HaaanT 3ol usiuiLy
U wenaewili) ASeuiiavedns AntiDigoxisenin iUl eduin e 5 wil WEnsavane? ey
hmsdnagwiusn 1 ad mmiumansazanefiuaziuiwives Detection Usums 5 fadans uiidliiiy
e 5 W7 deuSuanmlumsnsiaradsuansazats NBT/BOP thun istsUS L NULMHUNAaRNld wae
enanTazany 2X NBT/BCIP (8m5dau NBT/BCP 40 lilasans aeunines Detection 1 fadans) Usuws 1-2
fiadans v everlviviusiu uaglifivindsansazanerundliinuiu udSrmsazaned nafueon oy
wusuliluitile i@@iaaaaumaﬂﬂiLﬁmﬁmmﬂmﬂmﬁﬁw@uma N9 10 WM dvsusianIuANEauIn (Probe
control) YaINTEUIUNT %LLamﬁ’zyzy']mﬁ;mﬁﬁﬂﬁuajaaﬁﬁhLﬁluﬂwaiuLaaw 15 11 aguandiiiuInmsvheu
UYBINTZUIUNT Mo.PACHA ﬁgwmgﬂﬁmuam%aﬁalﬁ drunseuranInTITInTsiuzaznelifauUag
WUgNTIU wazdnulaniugnssy WisumeuiundyaavesinnIuALNaay (non-GM control) kagsi
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PIUALKAUIN (GM control) muaeiy

BIACR  nosBCR  AgthRCR  papan iR
product

Conventional PACHA PCR-PACHA MO-PACHA — =S
Dot DNA/PCR product on nylon Dot DNA/PCR product on nylon Dot DNA/PCR product on nylon Samphe 2
membrane membrane membrane Sample 3 M 0. PAC HA
Samgte t
Denatured with 0.4N NaOH Denatured with 0.4N NaOH Fixed with UV light Somple'$
(2 min) (2 min) @ min) Dot DNA/PCR product
Ll on nylon membrane
Fixed with UV light Fixed with UV Ught Blockwith 1X Blocking ~~ Probeconrol @ [ e c]: | I
(2 min) (2 min) (15 min at room temp.) l Sanide
Pre- Hybridization Hybridization + 2X Probe denatured Anti-DIG 2 pl Fixed with UV light
{30 min at 65 C) (45 min at 65 °C) (15 min at room temp.) (2 min)
Hybridization + 2X Probe denatured Low stringency buffer Washing buffer \#iu Block with 1X Blocking Y33 5 mt
(15 hours at 65 °C) (5 min, 2 times at room temp.) {5 min, 2 times at room temp.) (15 min at room temp.)
—
Low stringency buffer High stringency buffer Detection (1 Anti-DIG @ L + 1X Blocking U3inAs 5 ml

(5 min, 2 times at room temp.)

High stringency buffer
(5 min, 2 times at 65 °C)

Washing buffer

(5 min, 2 times at room temp.)

(5 min, 2 times at 65 °C)

Block with 1X Blocking
(15 min at room temp.)

Anti-DIG 2 pt

(15 min at room temp.)

(5 min at room temp.)

2X NBT/BCIP
(Detection 15-30 min)

(15 min at room temp.)
warewndy
(@ Washing buffer U3inas 20 ml (adait 1)
(5 min at room temp.)
wanaewd
Wi Washing buffer W3inas 20 ml (assit 2)
(5 min at room temp.)
l..mu-‘h

Block with 1X Blocking Washing buffer .
5 (#iu Detection buffer Y3uns 5 ml
(30 min at room temp.) (5 min, 2 times at room temp.)
(5 min at room temp.)
8 | e
Anti-DIG 2 ul Detection

(30 min at room temp.)

Washing buffer
(5 min, 2 times at room temp.)

Detection

(5 min at room temp.)

2X NBT/BCIP
(Detection 30-60 min)

(5 min at room temp.)

2X NBT/BCIP
(Detection 30-60 min)

iy membrane Mavuwiunmadnla
unzwun 2X NBT/BCIP Tiiausiu membrane
(40 pl NBT/BCIP: Detection buffer 1 ml )
(Detection 15-30 min)

ﬂ’]‘W‘ﬁ 5 mwsmmsmumiﬁwummsqmm’sf\]aau Conventional PACHA, PCR-PACHA e Mo.PACHA
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nsiauUSulTandaanludandydlay gansiadnsivifivlinnuwlaiugnssuie
wAdA Mo.PACHA @11Suns337tA5189 10 A390819%AN53936AT18MUTIIN18TUNEBIVUA
17x20x11 gnuaArlaufiuns (1wl 6) Usenaudae 2 dau fe dawudl 1 HuyaiiuuSinafidue
menAliafi@es Usenaumenasavinujizetvuin 1.5 Tadans uaz 200 lulasdns drinas 2X
Dream Taq PCR Master Mix Twsiie$ Forward way Reverse uazdauil 2 1uyansiaiiasigs
Mo. PACHA Usgnausiguiuluasuluuiusy a1sndvinuasen lawn Blocking reagent, Anti-
Digoxigenin-AP, Washing buffer 1, Detection buffer, NBT/BCIP reagent i’lﬂ’]éfmquﬂizmm
743.16 U™ fiondes fON1IRTID 1 Bu fe 10 feghs Anladusnegsay 74.32 U de 1 Tu sio 1
fegne et sandrsiudtlildsudiussgdusiane gansaieseiannsaiulifiounagd
ssmwaldoa 1uszeznan 2 e uagidenissyisie amsifvuduluasumusuliluiiuisaiin

PnlANuTUILY N UL US WS AN Tdanunsaldaule

YARTVFIVUTALNIAAUURINUGNTTN Mo.PACHA
GM Papaya Detection Modified PACHA kit

For 10 sample
Detection: CaMV 35S promoter, Nos terminator, nptll, papain

MFD

e
EXP Store at W{L

\S)

AN 6 YANTIVEBULEALNDAALUAINUTNTTU Mo.PACHA

a

3 N15VINDDUANTUNS

9

NNIYBINBUAVTUNTYANTINGLLATBIOAAINNITHANTFUUNTNTINAANTBIEAENDARLUAS
wugnssudmiugaavnIsuwlssUitensdseen laniumsvismundnau 3 918015 Al

1) YansIvaeuivrnulasiugnssy. luneudvstng 22430. Tuneeneydvsdng 11 fueeu 2566.

= a

2) yaaiafduieaniiv. lavieyanddng 22663. Juileanayanddng 16 nanau 2566.

q

3) UNTAlLNENY. LauToudnsUng 22429. JunieanaydniUng 11 fugieu 2566.
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[ a

msiangansIRnLenNaNzaznelfiuingiulugnamnssuudssy Wuninnssudldls
e avan edsendaaildineg waziailunisnsadansesilidawUasiugnssudiuiuuinly
na1TaE Sanumszandmiunsieluies foRnsadiliianunieuniaeiesde 01
UISERAne LTIy wasnensns ansnsafauiduiuuuunisuenenadinuiiuiitu 1 lu
Uszindlng Wunuimsnsinwdmniunisanaaeuiivdaudasiusnssuvindug ievaeudly
amumaaﬁmaﬂwﬁawﬁaﬁ%ﬁ'ﬂufdaaﬁ’uqmaﬂuﬁuﬁwéaaaﬂsuaqﬂizmﬂlms fifdundadamer
Tutlatuld Stumerlunissifusdad

1. fwgunsnlmafuidenraznegunsmanauin 7 s, Tagauauaainsagaavng
0193 aneRLBuleeyaatafLiueniveg1eine AilussavsamldAueniinunmuaz Ui
dwiunageu

2. MUAULUUYANTITIATIBNTARL UGN TSNNEaznaldmallawiUasiasuninns
finenvenlsuslawdu (PACHA) Ingnaasufidulofiatnandegsfeynaramiduiont1sine
naaouvuwsiululnsiwaglaaselnsuiumziiinaaind anunsosrunaseniiva Tnsfiwdauuas
fiugnssuaLifingading uazfodsiilidauasiugnssuaslsiiing

3. ﬁmu%ﬁmﬂizﬁw%mwmmsw PACHA (Modified PACHA) anansnaniunaunassvesiialuns
pTRARTIEiINAY 2 U wdewtes 3 Falu Fuluunanasigansa Mo. PACHA dwu 10 fegh
Uszneusie yaliuUSinafiuemeomaiafidens uazynnsiaiinsizi Mo. PACHA siaUsvansy 743,16
U flendos vide 75 Umesaegns amnsaiuli 4 esmnwaiBea Wune 2 ey Sanuwangaudmiu

mahaluiesuuansnghifienunioumarsowls

nstlUIduselevd

Ao Sovenenam I deg e U3t aessen $1in nsludususdvanudosson 1ifn uay
nsnsiauladsalasimenin 10 melueiuil agams uar 2. UssnuAsius asnsethmalulas iUy
ARLeNszaznalaifLUAMLE NIIFNAENNNI 50,000 éfuuazmammﬁuéfmmmwumamaém%’uﬁuﬁ5‘w]
Tudszmelne Tewasiunilunsnnalinziad 86 Wesldud antlymmsananumsusuiivdaulas
fiusnssuAuidseenudgnindurasaduanusiulslussuumsndsesaliidsoenaagaamnssil
yarmeed UM suideirnudoihliiuduilon uay luneramidemsyenmadauenuzaznetaen
GM Lﬁaqmmmmiummﬂigﬂmuﬁ Wi fUsgneumslssnugaavingsuwUszUenmns Lagnqannensns o
Venssyung i FewannnenndeuiitierydwRgRauUITugNIIU NeN T Al Tanm (L1aw)
TreasarmmemsAnudmiumesmadeuiisdauaniugnssmiadug ievieudluanunssimauitou
vosiudaulaniugnsnilududdesnvessumdlnefidud ey ulagiu LB W WS

HANULAEMTANLW WS RAIUN TUNSUSEAATIMITAUNA 8 (583 Wasnuw AU 5 589
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fa o A

lisuaueyATIziudnuzaznaiuguunaasaziny 31nAudideivaiurdaziny nsuiving

Nwas suanusiNiielunsailuauin Usen awsesgen 310 wazinunsnsEUanuzavnaty

%

LWANUT 2.U58IUATTUS . 9uNT wazvavauauiietnIdelulaseinis iuvayrainsynvinuly

e

v A a & o

NaNITeNMUINTATIVARUNVRALRAUNIIAARUTNUGNTTY NYI8g1uIsANaraINIieuITell
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AtedsTeva warany. (2558). NaUWIABAWUNTIAIVINTINYATY 2558 1589 7797195177
A5 IVAANTENA NG AENDAAKY TGN 32, NEIITENRWINATLLATYINIMNINITINYAS

Ly

dinideiauninalulad®inm nsudvninsinuns. ngunns.

Yosol s35uAaian werns assAivnena Uoyy aAste wasgaseu drueaafs. (2561). n13Ha
walla Triplex Real-Time PCR Lﬁamwﬁ’mﬂiaﬁwﬂwmﬁmmaﬂﬁuqmiu MUNINTFIU
ISO/IEC17025. 35ansiunsnuns Uil 36 atudl 3. fugneu -Suineu 2561, pp 316-331
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