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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 ¢p 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-PREV-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-C P__CHZ

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

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_ PRSEV-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

(119)
(192)
(201)
(142)
(138)

(169)
(242)
(251)
(192)
(188)

(219)
(292)
(301)
(242)
(238)

(269)
(342)
(351)
(292)
(288)

(319)
(392)
(401)
(342)
(338)

(369)
(442)
(451)
(392)
(388)

(418)
(491)
(500)
(442)
(437)

(468)
(541)
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--------- ATGGACAAATCTGARTCARACCAGTGCTGGTCGTAACCATCG
TCGAGAAGCACTGACAATCATCAATTAACCCGCGGCAGTAATACACATGT

ACGTCGTCRA
GTTTCACCRA

CP_FTT/CP_FHA

251

301

23




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
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

751 800

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 AGAGACACACAGTGGAAGATG'

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

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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fAud 10 11 12 13 14 15 16 17 18 19

_——— e —_—— - = <+—170 frud

Handnfigenvesdulusiuvieineunaveadelifanduaseisiedlnsiwes CP_F-all/CP_R-all Tufiegrsuzazneafivuingu
AAniaUszInm 170 Aiuauadil 1 Aduennsgu ; 100+1,500 Awamduieuaniaes, wndfl 2-14 fegraurasne, uaail 15
uzarnoRnwUTuUgNIsHAIBiug PRSV HA5-1, unafl 16 uravnadnulsiugnssuanewiug PRSV-DOA, ol 17 uzaznadn

wUsiugnssuateiug PRSV-KU, waail 18 ugaznaunf, wadil 19 Uinaudiseinie

T uB S A0 =il 1233 141516 17

500

300 <—325¢qwua

200

Handnfigensvesdulusiuvierinounaveadelifanduassisedlnswes CP-FTT/CP- R2 andegweazne dvuindu
AAnialszang 325 Alaundfl 1 Adueunsgy; 100+1,500 Aiudidueuanaes, uadfl 1-12 feguzazne, waail 13
uzaznoRnwUsIugNIsHaIeiug PRSV-DOA, unifilduzaznadnulsiugnssuaneniug PRSV HA-55-1, waafl 15 wugaznadn

wUsiugNIsuaEWUg PRSV-KU, Wil 16 uvagnaunf, wadfl 17 Winauileeniae

o
1 23 456 7 8 910111213 141516 1718 19 20 21

«—325¢tud

Handniidorsvedulusiuvieviuounaventelifandunmeivneginsiues CP-FHA/CP-R2 andiedhewagne dvundy
Aanialszang 325 Auauadfl 1 AduensgIu ; 100+1,500audidueuanaes, uaifl 2-16 fegwzazne, waail 17
ugaznafaulsiugnssuaeiug PRSV-KU, waafl 18 uzagnadnuusiugnssuateiug PRSV HA-5-1, uadfl 19 uzaznodauys

WUFNTIUALIUS PRSV-DOA, Waafl 20 uzaznaund, unaf 21 Uinauileaniie

SEESE s TR0 101112 13 1415 16 17 18 19 20

409¢wua

a a

HoanAnfidensvetu uidA iduaszvidneginsued GUS_F/GUS_R 1ndetwgaznafivinndunanisUszana 409 glua
W0l ADUeIAIEIY; 100+1,500 Auuaridueuanaes, wadfl 2-14feteeazne, wanil 15-16 uzaznanauUsiugnssy
aefug PRSV HA-55-1, uaafl 17 uzarnedauUsiugnssuaiewus PRSV-DOA, uaifl 18 uraznednwdsiugnasuanenug

PRSV-KU, 40791 19 ugaznauni, ko 20 inauieeinie

Figure 2 Eletrophoresis of c¢p and uidA amplified with the four specific primers
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Table 2 Sensitivity of detection of 3 genetically modified papaya events by PCR on the lowest of

detection (LOD )
f1 LOD N15A37980UNZazNe GMOs uAazaeiug
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
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11,135 10819 wuIwzaznoaaudsiugnssulinisuninszateodluninmile n1n

Az IURNIRBAUNIID NANZIUDBN tazAAna1d uadd lunumsuninszaelunmald manny

MIUNTNTZIUBINZAZNOAALLSTWUEFNITUNINNGARDNIANAII (Table 3) Haziifpoazvoq

yzaznoaalsHUFNTTUFWNTNTZ1008 1UIABZ 191 IR (Table 3)

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

SMUeERATI | % feafinsi
d1aun IHIA Sunuiegaiidse | wunzaznedamls | wunzaznedaus
UENTIN UENTIN

MAe

1 AUNAUNYT 14 1 7.1

2 1389510 109 5 4.6

3 e Ina 40 1 2.5

4 A 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 | ynaIms 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 FouUM 137 41 29.9

15 | uasiyw 1,541 24 1.6

16 | wumy3 74 7 9.5

17 | dnusn 686 39 5.7

18 | Uszewdsdus 673 289 429

19 | 313 276 128 46.4

20 | 91915 387 55 14.2

21 | awis 452 29 6.4

22 | A3z 296 6 2.0
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r KP1
I 4391
I 5833
I 5638
I 5925
5426
F PRSV-KU
I 6018
g2 F KP7
- 4980
- KP6

DOA
241 PRSV-DOA

PRSV-YK
PRSV-Hawaii

il

00 003 RE X 0
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
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