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Refinement of Polymerase Chain Reaction (PCR) Process for GM Papaya
Detection in Small Laboratory

Doyy aste” algid yamasd” FAsmI daeaad3” Jsedna Winsageas” Yedml ssanatant”
Piyanuch Sornchai” Nattawadee Buntongdee" Thitirut Assawamongkolsiri”

Weerasak Pitaksaringkarn” Piyarat Thammakijjawat”

Received 12 Mar 2021/Revised 22 Apr 2021/Accepted 4 Jun 2021

ABSTRACT

The ban of Genetically Modified crops importation by many countries, had papaya
exporters in Thailand screening for genetically modified (GM) papaya throughout the production
chain i.e., seedling selection, raw material purchasing, and before product exporting to
prevent the product from being rejected at the receiving end. Nowadays, Real-time PCR technique
is popular for the GMO screening and recognized as an international standard method but is
high cost to run and high investment for equipment. The aim of this study was to refine the
PCR technique that was a basic technique for GM papaya detection in small laboratories. The
internal factors (annealing temperature, primer set, DNA concentration and DNA extraction
methods) and external factors (PCR machine brand, PCR programs and PCR cycles) for GM
screening: the CaMV35S promoter, Nos terminator, neomycin phosphotransferase (nptll), and
papain gene by PCR technique were improved. The studies revealed that GM screening by
PCR technique have to consist of the following factors:1) The optimum annealing temperature
was 58°C. 2) The primer final concentration was 0.2 uM and 3) the optimum initial DNA content
was 50 nanograms per reaction. Improper DNA extraction methods that did not remove all
inhibitors affect the PCR reaction yield. In addition, reducing the initial denaturation and extension
steps by 5 min each and reducing the number of PCR cycles by 10 can help reduce the GM
papaya detection processing time by 40 min. and be as effective as the original program that

takes approximately 2 hrs.

Keywords: GM papaya, PCR technique, screening method
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NABULD WU walla PCR (Polymerase
Chain Reaction) LLaz Real-time PCR (Chris
et al, 2014) N15AINNATEANTAALUAY
siugnssaassuazinnansiadansas (screening
method) supasiuiifiegiamzlufivdiaula
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iilavananansansieldioluiBeqmunmuay
Y waziudsinasguilésunisuensy
Tuszduana uin1snTRdeszlukostjin
nssualdn ldaunsalfiaIes Real-time
PCR l¢ flasaniigunsnl snsiadl uazsiunu
Tunsasrieszianda Feanduspedsuuss
n35838 PCR Tiidnsnwileuwniunsnie
AAeFILeSey Realtime PCR viuidudl
Sofimquszavdifiamnnisnnsiessi
nraznafnulasiugnIsndewmaila PCR 1%
wnzan e lflunssansasuzaznasvisy
WiosUfiAn1suIaLan

gunsaluazisng

1. faduzaznauaziandede
fhatefivanldnismeasy dun 1)
fetenzaznafaudasiugnssuildsunis
ATIEDULAIIN UIenaudie CaMV 35S promoter
NOS terminator way nptll fisefiun1guzu
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Denature i 96°%. U 30 AUl

=
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3.3 msAnmANuEniugainesas
Twsasivansansdmsuufasen PCR

nasouaNdndugeaiezsdlnawes
35SCaMV promoter, Nos terminator, &u
nptll way 84 papain 7 0.04, 0.2 uay 0.4
Tulasluans Tusunandfisen 20 lulasans
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Table 1 Primer sequences for 35SCaMV promoter, Nos terminator, nptll, and papain genes

detections in genetically modified papaya

Target gene set Sequence (5- 3) Product size (bp)
35S CaMV 1 Forward TAGCTGGGCAATGGAATC
Reverse AGACTGGCGAACAGTTCA 194
promoter 2 Forward DIG-TAGCTGGGCAATGGAATC (From this study)
Reverse AGACTGGCGAACAGTTCA
Nos 1 Forward GAATCCTGTTGCCGCTCTTG
Reverse TTATCCTAGTTTGCGCGCTA 180
terminator 2 Forward  DIG-GAATCCTGTTGOCCGCTCTTG
Reverse  TTATCCTAGTTTGCGCGCTA (From this study)
nptil 1 Forward TGATGCTCTTCGTCCAGA
Reverse CTCGACGTTGTCACTGAAG 048
2 Forward DIG-TGATGCTCTTCGTCCAGA (From this study)
Reverse CTCGACGTTGTCACTGAAG
papain 1 Forward GGCATTCTCAGCTGTTGT
Reverse CCTCATATGGGTAAGTATTTCTG 191
2 Forward DIG-GGCATTCTCAGCTGTTGT

Reverse

(From this study)

CCTCATATGGGTAAGTATTTCTG
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Table 2 Details and duration of 1st, 2nd, 3rd, 4th and 5th PCR program for genetically

modified papaya detection

Time of Program

Step Temp.
1st 2nd 3rd 4th 5th 6th
Initial
Denaturation 95C 10 min 10 min 5 min 5 min 5 min 5 min
Denaturation 95C 30 sec 30 sec 30 sec 20 sec 20 sec 20 sec
Annealing 58C 30 sec 30 sec 30 sec 10 sec 20 sec 20 sec
Extension 72C 40 sec 35 sec 35 sec 30 sec 30 sec 30 sec
Final Extension 72C 7 min 5 min 5 min 5 min 5 min 7 min
All Process 1.41 hr 1.36 hr 1.31 hr 1.08 hr 1.14 hr 1.16 hr
Table 3 Total duration of PCR reactions at different number of cycles
Process time of Program
No. of Cycles
1st 2nd 3rd 4th 5th 6th

40 141 hr 1.36 hr 1.31 hr 1.08 hr 1.14 hr 1.16 hr

35 1.30 hr 1.26 hr 121 hr 1.01 hr 1.06 hr 1.08 hr

30 1.20 hr 1.16 hr 111 hr 54 min 59 min 1.01 hr

25 1.10 hr 1.06 hr 1.01 hr 47 min 51 min 53 min

20 1.00 hr 56 min 51 min 40 min 43 min 45 min

15 49 min 46 min 41 min 33 min 35 min 37 min

10 39 min 36 min 31 min 26 min 28 min 30 min

5 29 min 26 min 21 min 19 min 20 min 22 min

wamiwﬂamuaz’amstﬁ
1. flsuaeluiifeadasfunisiiuisen
PCR ialdlun1snsranaudu 355CaMv
promoter, Nos terminator, 88U nptll uas 8u
papain
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miﬁnmqmwgﬁ‘[u%umau annealing
semauindsanauiuie 4 oia Ao 355CaMv
promoter, Nos terminator, B nptll wae B
papain WU ﬁaaqmwgﬁﬁmmmmaﬁumu

annealing uansnviulun1aiinufji5en PCR a8y
weiaztiu §wsuEu 35SCaMV promoter, Nos
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terminator LAy Hu nptll mmaﬂ%’qmwgﬁ
Sunou annealing Isdaust 58 - 61°7. ueis sy
& papain mmiﬂﬁqmwgﬁ%umau annealing
1#wous 55 - 61°3. (Table 4) Wil WipaT9aeL

aaa

wananUin3e1 PCR wu gl annealing
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carry over Wazlifl primer dimer UENYIBRLE
(Van Pelt-Verkuil et al, 2008) &§1%5UN1IANEN

asstiFaRenlgunniin 58°s.
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Twsiue5 35SCaMV promoter, Nos terminator,
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Table 4 Testing of annealing temperature for 35SCaMV promoter, Nos terminator, nptll and

papain genes detections in GM papaya

Annealing Appropriate
Gene Temperature ('C) Temperature (C)
55 56 57 58 59 60 61
35SCaMV promoter X X X v v v v
Nos terminator X X X Vv v v v 58-60
nptil X x x v ¥ v ¥
papain v ooV v v 4 4 X

Noted:

: PCR product Detected X : PCR product Not Detected

355 (194 bp) nos (180 bp)

4

e » o -» e g mED G YT
- e

nptil (248 bp) papaln (191 bp)

Figure 1 PCR products of 35SCaMV promoter, Nos terminator, nptll and papain genes at

58°C annealing temperature using Non-radioactive primers

wisnzas wuin msldanudindusasiiduie
Susiuil 10 wilunsy duduly dwmsunisuia
USuuiiu papain rawmatin PCR ldnanan
UffiBevionng ugmsu 355CaMV promoter,
Nos terminator way fu nptll fiagldusuneu
MBuENAUA 50 unlunfuseUiisen Jeas
TinawdaUfsen annan1amaassiiannnan
sqUlédn YBanudBuleiimiigafivans aslu
nMavhUi5en POR wlaufiny3unofiuii 4 fu
An 50 ulunuspUfizen

1.5 WaPBIITNISANAALDULEABNS
inAUji3en PCR

NaN1IANMILUIBUINBUASN1Ta AR
Adulanzazneorne 5 35 lawnsnsie
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sauaNdniuLazANUIaNGz0fBuLD

NNUAREAS LaznIvaviRaasIussU e
PCR Wu11 757 5 (Lysis)
AANDIENSVBIRLBULEYINTD 1.8-1.9

9

Wa=I57 4 (Kit) &
v
& < .

ANMNdNTupIfLUaAILA 100 Ulunsw/

Talasansguly 337 3 (Kim) TEaanudadu
Mduedszanm 60 wilundu/lulasing uaz
fanwuignivasiidue windy 15 il
AMNEINIInLisswe lun19viljisen PCR

aadaAa

UAR1IMIUISN 2 (Hwang Bo) wazisn

(Kasajima) Weanudinduzasiidueatly

Y

295739 100-200 W lunsn/lulasdang e

a ]

AButeiiléannii 2 35 feauuignsaag
Tuz 0.9-1.2

©
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(Lysis) T¥nananuffssn PCR #flanaidy
uansneiuly a3 4 uazd5i 5 Sanwda
PBIUDUNANANUNAT1 PCR g9 389898171
3587 2 (Hwang Bo) warNGw35# 3 (Kim)
Touandlu Figure 2
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u%qw%mﬁﬁmama:na wui 357 5 (Lysis)
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Wugnssu 339 3 (Kim) 357 4 (Kit) yaaiin
ABuleag1edny wazdifl 2 (Hwang Bo)
aansaiunaUfiien PCR waswsuisi 1
(Kasajima) ladgansnunasesufizenls
aziiuleh TurnusinBueiléannds Hwang Bo
foufazfianuignimn uimssudslufiue
fiton vl flswnnannluasiafifliluis
Hwang Bo A8 Chelex 100 Fafianuaansalu
nM3feaNIABnieanaNALduLe (Walsh et al,
1991) fovfu Foaquléd ABnsadndiduiean
yaaRABUEDE1NY (Kit), Kim uas Hwang
Bo axninthanl#lunsviniisen PCR 14
YSunaudBuieisusulunsvin§ism
donalapasenuUiuupaswananljizen
PCR usilumasuin nsaiasibuleuzazne
dlngarldgaainfifuengieine 819
ldABueaNudndum wazfinsiians
fufamainuiizeey dewalilenialunns
\AnUARse e anaubuiifisuiudiun
tag (low copy) WulUldendu Geranndes
U Debnath et al (2010) fi51897u71 §997
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a &
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papain

355CaMV promoter

Nos terminator

Figure 2 PCR products of 35SCaMV
promoter, Nos terminator, nptl/l and papain
genes obtained from different DNA
extraction methods (Kasajima, Hwang Bo,

Kim, Kit and Lysis methods)
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Figure 3 PCR products of 35SCaMV
promoter, Nos terminator, nptll and papain

genes from six PCR testing programs
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Figure 4 PCR products obtained from
different DNA extraction methods and the
number of PCR cycles with primer 35SCaMV

promoter
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sumpuaiafEue Tausogwassanstudonis
\AnUA%e1 PCR flfnluteaiamduie 1éud
fiuoa Twaudnalsfanniia (Hudu uananil
Peist et al. (2001) 5789171 oulsdinnain
Ayszrinaiafdue losu wazansildly
nsafedue wu lalalwaniuea ey uea
Aaansnsewansznusansiiaufizenls

2. wavasiladunsuaniiisadasiunnsein
Ujizen PCR wWaldlun1snsaaday
355CaMV promoter Nos terminator &
nptll waz 84 papain

2.1 WaTaIlUsUNTNUAZIIUIUTDY
299n3UGHASe1 PCR

HRINNINATEUI 6 TUTUNTN WU
Tusunswdl 1 Fafuldsunsuseuauliing
U5 PCR fuiusu uasiilaanszuzina
PoIuAardunBuaINT W31 Tdsunsad 2
uaz 3 swnIninananUinsen PCR 1d oy
MuIaaRsTEzIARILREs 10 und Tuoue
AlUsunsuil 4, 5 uas 6 fousazanTzaciaalé
fiv 30 Wil waliawsowunandmiisen PCR
vupzmlsalaald (Figure 3) fatfu awnsaaqy
1 Tusunasdi 3 Huneu uazaiivsnzas
swsumaiadisenlfeteanysal fmsunms
naRpUINNUTOULARATN PCR fis iy 40,
30, 20, 15, 10, 5 99U (Table 3) WU &N
ASINLLOLUNANARALBUIEUUBENLIERA 2%
\lavhufAgen 91uau 40 uaz 30 50 Lazliny
woufBunlunandnUfiendl 20 souasan
(Figure 4) §9AAADINUNITIIEINUIDY
Van Pelt-Verkuil et al. (2008) fiwu31 Hawdn

o o A

UfAsenduiuvaneilads lasiladuiadyd
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aaa =

urusounnwalinandndjisenfesces

Plateus phase uenanii S5 S
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Fuly azansousawaliluaaaznilss

2.2 wamsw3puifisuia3ae PCR sia
msiaUjisen PCR
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UARSENAN 2 1A389 WU 1A3BY PCR ¥ 2
Wy @i ldnaninUiisenioutu
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PCR fifl Ramp rate gy az¥l¥dasInsLin
UfAsEnSIndnde 30 wnft el Sufiuda
AnTeriseasBunduy q WnAnnaufiazii
sddelyTgusclomd wu 9112891309
U idasn1masaudaiu Teu
naMiUsznauMIEwIsnIaRaN MANDULH

fmsunaila PCR %38 Polymerase
Chain Reaction \{un1591asdnIsiinysanu
FudumBueluseliiin Feszneusenans
%umaulﬁuﬁ MSUENREVDIRALDULD (denaturation)
nadindureslnsiues (annealing) waznsLis
walitumBueselne (extension) 19l WAy
sunpusraiitasefisnisasviasulnnig
asaseuiUsrAnsamandeiu winenadl
faduidunansznudon1aiuiAsen PCR
(Amersham Biosciences, 1998) 114U qmﬂgﬁ
a9msidirdurasinsimed anududuass
Twsiwes UsanuufiBueisnsu 91uiusauzed
UfRsInasufeUiAseeefiBuie uananil
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U751 PCR uax 1A309 PCR il Ramp
rate fi9iu AsewafaLssAnsn1naaenTiiia
USneudidule

Thai Agricultural Research Journal Vol. 39 No. 3 September - December 2021 257



#3UNaN1INARDY
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promoter, Nos terminator, 8u neomycin
phosphotransferase (nptll) Wwaz8i papain
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fiaunuandmiuiosfiifn1saunaidn
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1. gunnd annealing Mnunay
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