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Development on Screening Technique for GM Papaya
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ABSTRACT

The aim of this study was to develop a screening technique in order to identify different
genetically modified (GM) papaya events by polymerase chain reaction (PCR) with specific primers.
Experiments were conducted at the laboratory of GMO detection and analysis, the department of
Agriculture from year 2012 to 2015. Nucleotide sequences of cp gene encoded the coat protein (AUS-
PRSV-CP, Hawaii-PRSV-CP, Taiwan-PRSV-CP-YK, THAI-DOA-PRSV-CP and THAI-KU-PRSV-
CP-CM2) of the papaya ring spot virus (PRSV) and glucuronidase gene (uidA) were fetched from a
genebank and compared using Blast. Three pair of specific primers (CP_F-all/CP_R-all,
CP_FTT/CP_R2, CP_FHA/CP_R2) was designed on the ¢p gene, while a pair of specific primer
(GUS_F/GUS_R) was designed on uid4. All specific primer pairs were then used to screen GM
papaya and identify its event by PCR. Felidity of the specific primers and the method were
reconfirmed by Real-time PCR. Result showed that the specific primer pair (CP_F-all/CP_R-all)
could screen all GM papaya events. The specific pair of primers (CP_FTT/CP_R2) could screen only
Thai events (PRSV-KU and PRSV-DOA), while the specific primer pair (CP_FHA/CP_R2) could
screen only one Hawaii event (PRSV HA-55-1) and the primers (GUS_F/GUS_R) could screen both
Hawaii and Thai events (PRSV HA-55-1 and PRSV-DOA). Next, surveying and sampling papaya
from farmer fields of registered good agriculture practice (GAP) and of non-registered GAP and
farmer fields of growing papaya for export were done. Papaya samples were screened and identified
with these four pairs of specific primers and the method previously described. It was found that

PRSV-KU were the most abundant which took in an account of 40.7%, while PRSV-DOA, PRSV
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HA-55-1, the hybrid of PRSV-KU x PRSV HA-55-1 and unidentified events were 13.67, 1.17, 0.08
and 46.37%, respectively. Phylogenetic analysis of cp sequences of all GM papaya samples and those
of all GM papaya events from the gene bank revealed that GM papaya events could be divided into
4 clades; PRSV-KU, PRSV-DOA, PRSV-YK and PRSV-Hawaii.
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Table 1 Specific primers used for identification of different lines of genetically modified papaya
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AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2Z

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2Z

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOAR-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP

(

D ATGGACARATCTGAATCAACCAGTGCTGGTCGTAACCATCG
{1) TCGAGAAGCACTGACAATCATCAATTAACCCGCGGCAGTAATACACATGT
(

CP_FTT/CP_FHA

201 250

AACTGGAGAGAGAGATAGRGATGTCAATGTTGEGACCAGTGGRACTTTCA

401 " o 450
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Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

651 700
AUS-PRSV-CP CTACTGAC GTACATGCCGCG ATGE TCARGAGE TTGACTGA!
Hawaii-PRSV-CP
Taiwan_PRSV—CP—YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

70 750
AUS-PRSV-CP : TAGATACGC e 1] GAGGTGARTTC
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI—KU—PRSV—CP_CMZ

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV—CP—YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

851 - 900
AUS-PRSV-CP SRAGRARRACS AGACRACAC \GATGT!
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV—CP—YK
THAI-DOAR-PRSV-CP
THAI—KU—PRSV—CP_CMZ

Figure 1 Comparison of nucleotide sequences of cp among different isolates of PRSV.
1 indicates the position of the primers (CP_F-all/CP_R-all) designed.

[ indicates the position of the primers (CP_FTT/CP_R2 and CP_FHA/CP_R?2 ) designed.
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13 14 15 16 17 18 19

«—170 fud

nanAnfidevesBulusiuiorueymarende iaiduneidedinames CP Fal/CP Rall lushedisuzagnefouindu
AmnTausEane 170 Q'Lual,lmﬁ 1 Aduennsgny ; 100+1,500 @'Luaﬁlﬁmauamma%, Wit 2-14 deghauzazne, wait 15
uzaznefinuUsugNIINaefUS PRSV HA-5-1, uanfl 16 uragnedaudswusnssuaewus PRSV-DOA, umil 17 uzaznodin
wUsiugnssuateiug PRSV-KU, Wt 18 uzaznoUnf, wanit 19 Thndudsende

7 8 9,108 S 12 1314 15 1617

<«—325aLud

Handnfigensvesdulusiuvierinounaveadelifanduassisiedlnsiwes CP-FTT/CP- R2 andegiweazne dvuindu
Aanialszanm 325 Auaundfl 1 Adueunsgy; 100+1,500 Aiuaidueuanaes, uadfl 1-12 fegwzazne, waail 13
uzaznoRnwUsugNIsHaIeiug PRSV-DOA, unifilduzasnadnulsiugnssuaneniug PRSV HA-55-1, waafl 15 wugaznadn
wUsiugNIsuAEWUG PRSV-KU, Wl 16 uvaznaunf, wadfl 17 Winauileeniae

fud

1 23 45 6 7 8 9 10 11 1213 141516 1718 19 20 21

Handniidorsvedulusiuvievineunaventelifandunmeisneginsiues CP-FHA/CP-R2 2ndiedhewagne dvungy
AaniaUszanm 325 Auauadil 1 Aduensgu ; 100+1,500audidueuanaes, uaifl 2-16 fegauzazne, waafl 17

ugaznafnulsiugnssuaeiug PRSV-KU, waafl 18 uzagnadnuusiugnssuateiug PRSV HA-5-1, uadfl 19 uzaznodauys
WUFNTIUELIUS PRSV-DOA, Waafl 20 uzaznaund, unaf 21 Uinauilaeniie

4 5 6 7 8 9 10 1112 13 1415 16 17 18 19 20

«— 4094

a a

HoanAnfidensvedy uidA iduaszvidneginswes GUS_F/GUS_R 1ndetwgaznafivinaduaanisUszana 409 glua
<

0TIl ADUEIAIEIY; 100+1,500 Auuariduiauanaes, wadfl 2-14fetsueazne, wanil 15-16 uzaznanauUsiugnssy

aefug PRSV HA-55-1, uoafl 17 wuzaznedauUswugnssuaiewug PRSV-DOA, uaifl 18 uraznednwlsiugnasuanenug
PRSV-KU, 40791 19 ugaznauni, ko 20 dnauieeinie

Figure 2 Eletrophoresis of c¢p and uidA amplified with the four specific primers

Nasmddoivin nsudvmsineas Ussa 2558




2’, A o 1 J o g‘; ldy J IR
i]?ﬂHHL?JE]HWﬂ]lWﬂZJ’E]ii]WL‘WWz“I/N 4 ﬂuhlﬂ‘ﬂﬂﬁ'ﬂﬂﬂfﬂmhl’)ﬂl'ﬂ\iﬂthiLiJ'ﬂiﬂ\iﬂ’ﬂﬂJﬁ'nﬂiﬂ

7 ¥ o ¢

lumsnsndlnneruzazneaaulsWugnTTUaeWuENe 3 a1eWus (PRSV HA-55-1, PRSV-

DOA 1182 PRSV-KU) aotfiunaanudutuiigavesdduedunyy (Lop) wuig lnswes

CP_F-all/CP_R-all) #11130052900U8U cp vo4125d PRSV Tunzaznoaaudsnugnssums 3
o Y Y ° A =~ [ [ < o 3’, 1

aMevius 1aa1 LOD mgaioeunug Insmessum1zna 4 g (Table 2)

Table 2 Sensitivity of detection of 3 genetically modified papaya events by PCR on the lowest of

detection (LOD )
f1 LOD N15A37980UNZazNe GMOs uAazaeug
dlwsnies PRSV-KU PRSV-DOA PRSV HA-55-1
N unN) @ unsu) @ uns)

Papain_SF/Papain_3R 0.5 0.5 0.5
CP_F-all/CP_R-all 0.5 0.5 5
CP_FTT/CP_R2 5 5 -
CP_FHA/CP_R2 - - 5
Gus_F/Gus R - 5 5

Y1 1 J . . A o < 1 PR '
ud 9 Iwsiwes (Papain_ SF/Papain_3R) 1if1 LOD dganaiu uag Insmwesqiliilug lns
P 9 =) . o g 1 = I
weiselFnsrvdeuauy papain Fulusuvenzazno (endogenous gene) lliJGI,Gb'EJu"ll’éNul,’JiﬁG]N
RN a9
Wusuihrunenaeinsniiam
A g A w1 o y ldyd o 1 @ @
ioilumsgudung lnswessumzna 4 giilianusumzasuzaznosaudsiugnsy
J a & v a < @ @ 4
AYHUFH1DINT 3 T10HUFDE 19739 ADUPAULDUVDINZAZ NEAALUTWUTNTTUNT 3 10
¢y a A o S a g o 7 o
ugo1edatde ldgnmi T ddudidouedunuuiuya lnsmeisunizues Anonymous, 2015
o a 4 A
1ag Nakamura ef al., 2013 HAZHINITATINIUATIEHAIMITNITVDS Anonymous, 2015 LAY
a 4 o 4 o
Nakamura et al., 2013 #2873 Real-time PCR 1tiloas199mundionugvosuzaznonauls
o 1 J o
WUBNTTU HANITATIINYI %A IN51UDITUNIZUDI Anonymous, 2015 1Az Nakamura ef al.,
[ Y4 [ 14 @ a o
2013 a5 wunaeug ldasanuge InswosvesnmugdI9e Ma9IUITeV09 Anonymous, 2015
I A w1 P [ e’g o
18z Nakamura et al., 2013 1Humsgudunga lnswessignosnununaz duns iz iy ULz
a [ o v J @ @ ?1’/
MIATINAINIDNITVDIAULAIVOEAIUITOATIVTWUN AW UFVOINZaZNOAAI THUFNTTUN
v JdY a Y 9 [l o
3 MeNuEe1909 Iaod1egnde uiud
o o v (Y] Y
3. msmnsamazswunmenuguzazneaaulsiugnssululszimalng

1 7 o 2’, 1 axy = Y v Y o dﬁf dy Y o Y
ﬂl{LWiLiJ’f]i%'lLW'WW\‘] 4 ﬂllagﬂﬁﬂ1iﬁiﬂﬂcﬁ\1ﬂﬂ!$E'JﬂEJUlﬂWGJJU']GUHN'IHVl@QﬂuHJ'IGl“HﬁTN]

=

3 o @ @ o ] J <
muuﬂmawu‘guzazﬂaﬂmrﬂi‘wu‘gﬂisumﬂmemmzazﬂemgﬂqmﬂmmuﬂmﬂgﬂmazﬂa

9 v
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11,135 10819 wuIwzaznoaaudsiugnssulinisuninszateodluninmile n1n

Az URNIRBAUNIID NANZIUDBN tazMAnad uadd Tunumsuninszaelunmald manwy

MILUNTNTZIWVBINZAZNOAALLITWUFNITUNINNGARDNIANAII (Table 3) Haziifpsazvoq

wzazneaalIHUFNTTNFWNTNTZ1008 1UIABZI1IA (Table 3)

Table 3 Dispersal of genetically modified papaya in different parts of Thailand during year 2012 to 2015

SMUeERATI | % feafinsi
S1aun IHIA Sunuiegaiidse | wunzaznedamls | wunzaznedans
UENTIN UENTIN

A

1 AUNAUNYT 14 1 7.1

2 T8930 109 5 4.6

3 e v 40 1 2.5

4 AN 101 5 5.0

5 | unsansA 8 6 75.0

6 | Wugylan 10 3 30.0

7 R 3 1 333
mangTueanifaaiile

8 | mwaug 1,760 24 1.4

9 UATIIVAN 33 1 3.0

10 | ynAIMIs 2,361 157 6.6

11 | daaziny 430 275 64.0
MANANY

12| NuNNA 7 1 14.3

13| Maauys 695 76 10.9

14 FoUM 137 41 29.9

15 | uasiyw 1,541 24 1.6

16 | wunys 74 7 9.5

17 | Unusn 686 39 5.7

18 | Uszewdsiug 673 289 429

19 | w313 276 128 46.4

20 | 91913 387 55 14.2

21 | awis 452 29 6.4

22 | A3z 296 6 2.0

A \ 4
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NUINMIVENINATID | % AIVENINATID
o U = o U U ‘ﬁ' [ U U
f10un I UIUMIDENINT153 nunzazneaauls nunzaznenauls
AugNIIN AugNIIN

23 | gwIses 695 32 4.6

24 | 9190049 216 21 9.7
ManzIuesn

25 ALBUNT 131 34 26.0
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1 { a I 4 o
Uzdlueguniiga Aallusesas 40.70 5090911 Ao A181WUF PRSV-DOA $1uiuiesas 13.67
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¥ ' o oA Yo ¥ A v o '
fowaz 0.08 uaz bigmnioszymeiiuiuvnasiinlasuiuiooas 46.37 loguaiodnauzazno
[ Y
AU ITNUFNTTUANTINIY 10 A20819TTHAAI KP1, KP7, KP6, 4391, 4980, 5833, 5925, 6018,
Y
5426 1A% 5538 LATHUDIE IR LILEVDIBY ¢p Vosdva1 Al liReunudduuavesdu ¢
o o v X
YoINZAZNOAALUITWUFNTTUEI8WUE PRSV-DOA, PRSV-KU, PRSV-YK 1182 PRSV-Hawaii &9
< V4 a a J v o J a o .. . '
THiluaenugo190wa A1 mANUANHUT NI TAIUINS 1A7T Poission correlation W11

Y
@1aamamazﬂaﬂmzﬂiwu‘gﬂiﬁumﬁwmu 10 G]’J’t)fl']\iﬁflﬂ’ﬂuﬁwwugﬂﬂhgﬁgﬂ@ﬂﬂllﬂi

@

o a ¥ o J
UFNITEWWUTO1DINT 4 E0WUT (Figure 3)

r KP1
I 4391
I 5833
I 5638
I 5925
5426
F PRSV-KU
I 6018
82 - KP7
- 4980
- KP6

DOA
84! PRSV-DOA

PRSV-YK
PRSV-Hawaii

86

0:04 0:03 D,:DZ D.:U1 D:DD
Figure 3 Phylogenetic analysis of 10 samples of genetically modified papaya with 4 reference
events of PRSV by comparison of nucleotide sequences of ¢p. Distance calculation using Poission

correction by Neibor-Joining with boot strap 1000

W
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