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Abstract Papaya (Carica papaya L.) is one of the crops
widely planted in tropical and subtropical areas. The papaya
fruit has low calories and are plentiful in vitamins A and C
and in minerals. A major problem in papaya production is a
plant disease caused by the papaya ringspot virus (PRSV).
The first PRSV-resistant GM papaya expressing a PRSV
coat protein gene was developed by USA scientists in 1992.
The first commercial GM papaya cultivars derived from the
event was approved by the US government in 1997. De-
velopment of transgenic papayas has been focused on
vaccine production and limited agricultural traits, including
insect and pathogen resistance, long shelf life, and aluminum
and herbicide tolerance. Approximately 17 countries, including
the USA and China, produced transgenic papayas and/or
commercialized them, which provoked studies on biosafety
assessment and development of GM-detection technologies.
For the biosafety assessment of potential effects on human
health, effects of long-term feeding to model animals have
been studied in terms of toxicity and allergenicity. Studies on
environmental safety assessment include influence on soil-
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microbial biodiversity and transfer to soil bacteria of GM
selection markers. Many countries, such as Korea, the
European Union, and Japan, that have strict regulations for
GM crops have serious concerns about unintended intro-
duction of GM cultivars and food commodities using
unauthorized GM crops. Transgene- and/or GM event-specific
molecular markers and technologies for genomics-based
detection of unauthorized GM papaya have been developed
and have resulted in the robust detection of GM papayas.

Keywords  Caricapapaya, GM-detection technology, papaya,
transformation, transgenic papaya, biosafety assessment
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gt ok(Carica papaya L.)+= }3toFTH(Family Caricaceae), 3t
afop(Genus Carica)ol] %38t ThAE Q) 454 224&
ol c}. shafobiz Ao WL %017} 7~ 10 m7kA] A2k
o191 s AT A UL, v %3 AEol A Ae =}
Y A2 0] &3 4= 9= ZH-E-o| tH(Morton 1987; Warnert 2004).

Aoff ofr| 2| 7L} WA IR AR mhutol= 164] 7] 2
of 29l #A7FEol 98l A2 A" F 164]7] FHte]
Bapgat 9%, 174]7] Zoll& S, 1841 7] o= ofZ |7}t
i Sof Mute Ao g dref A il §let. Yo A= 1905d 9]
shetolof| Al -EFEFo] EQEHA Azt AJRFE ST
(Nakasone and Paull 1988; Garrett 1995; Aradhya et al. 1999;
Australian Government 2008). 31}k 2014 7] & 667} =9
A A 7} o] 0] 2] AL QLo ] AYAFE-L- 20001 7257HE o] A
2007 953WHE 18] 31 20144 12679HE 0 2 A4 Z7}e}
3L QITHFAOSTAT 2018). -2 vt ol A &2 X Aol F
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7FeFH A = 220121 54E 0 4] 2016\ 116E 0. 2 F<4
5] Z7}5FaL Q) th(Korea Customs Service, 2018). m}-31}of 9] =+
YAE BE2ATY 2 A S LT LTS
A AEA 0l 4] 2008 off AJ2FE] QL 0, Al A -2 2012
0.2 haof| A 20144 2.0 ha, 712 17 2015 3.4 ha (A AL 63E)
& A% F7skar Qo

=] sjafobi 2227k o Al ulekulz o)y 2] F
2 9} o] (papain) o] 21 T} 2 35 7 227} Bo} 1 A
0.2 b, A1 E, o7, 12l S E Arl 5 ot
Hoko| A g o] 8% 1 )t} (Nakasone and Paull, 1988;
Aravind et al. 2013; Hewajulige and Dhekney 2016; Yahaya et al.
2017).

AAA staof Akl A 74 ZA|7F E= 2 papaya
ring spot virus (PRSV)©|t}. o] Hpo] 2| 2= X G Eo|u; 74
H F2pol| o) el Ao = m I of FL vhd o] YR AL Sl e
T AL g FHE AA HojmE = Ao R
o+ A ¢l th(Purcifull et al. 1984; Tomas and Dodaman 1993;
Tennant et al. 2007; Retuta et al. 2012). o] H}-0] & A &= 1}u}ofoj|
A o} ZHA| T w3 Q1 A o] §l7] wf o ututokE
Aot w7t A e FEAAR s o] &3t AR £F
W 5 ohget A7t o] R oA 1L QlH} (Gonsalves 1998;
Teixeia da Silva et al. 2007; Fermin et al. 2010).

0= 1992 o] sefoltfetaf Adltfsto] g5 o2 4
4 “‘Solo’ =55 0]-8-3HPRSV A &4 2] ‘SunUp’, ‘Rainbow’,
18] 11 ‘Larie Gold’ &2 /W39t o] 225219974
)= 2} 7ok Al o] 5 21s Hhol 19981 L E A 4bo] o]
SolFom, 95y 0] AR A A o] 8% 2|51
Qltt. ol A+ 2006 South China Agricultural University
o] ] PRSV #] 3} Al £ 2 Huanong No. 12 7[|¥F3}¢] 20101 9]
SR FF 5 37 Aol A oF 6,000 hazh A ul = 3 gt
3 T, LAEY Ao}, T o] Ao}, HEH Fol Al
T A gpufopo] AR o] o] Fofx|aL gloj ko w
GM (Genetically Modified) 3ta}of Au] 47t= gL ol
Ao R o AE] ¢ th(Fuchs and Gonsalves 2007; Tecson-
Mendoza 2008; Evans and Ballen 2012). “12{ 1} GM 2+ A ]
£ 58t Qe v=moly S 2y 9, 17
L S-2ubehol A= GM ZhEof] gt et 4= 742 3]
A8}l ) th(Evans and Ballen 2012). L& U A=+ 9] &30]
Slol YT A o &t A A= AU GM FA19]
Aol leE = o] Stk 55| upupor= 1T, 115, A4S
EF 5 o8 A F AR & A= A w7 o A7t
2ol B7tpEo] fA dold 4= A th(Teixeira da Silva et
al. 2007). whekA| 7] 29 GM F%0] ot 2t GM #3590 2
7hof ogt A Fo] Yoju GM FAE REEo1E 7}
/o] ATkl 3 4= ik Y2 9] F L-of &= ke 4] 1987
| Non-GM £ 2 2 84 & o] 4= & ‘Tainung No. 5’7} GM
A 2 SFQl & o] A ufF ] Lol =Y FA7 A H| 7]

2 ]
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A
s
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9] 31 (Biosafety Clearing-House 2018a), 2014 of| = tjj 7to] 4|
= 9] ‘Tainung No. 2’ 9] 7-¢- GM /g Hh-g-& Uretfof 7
7] =] 1.0 1 (Biosafety Clearing-House 2018b), 201614 6 o] A]
2017 9L 7HA] B =, ik, W E ol A Y | SAY B
of thet A A1 9871 8] A& 7He-H| S7H7F GM RS
< YeErithal B 113514 th(Biosafety Clearing-House 2018c).
o4o] ATHE & AR 2 uf -elikete) 4 $0) = ol
A el H A o] 5o up i A shutof FA} o] 4=Q] o] A& E| AL 9l
) a0l GM ahshope] -2 7bs o] ol - ek 2
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afupopo A= w5 f2ff A, vs wghl o2 RE
AA| 2 B A S =kl o] ZHE A EAHE AHE A
= ZA "ok A A7F F=5 S H(Litz and Conover 1982;
Fitch and Manshardt 1990), ©| & v}& 0 2 31 & 2 [ 3 4| 4] 2]
gge F PRSVY| AAEE 2t GM dhufof #F
(‘SunUp’, ‘Rainbow’ -5) 2] ¢4 27} 7155} =] A tHGonsalves
1998). 90t Z¥ko| 22 F A A7t P =M thF
S ESI RS Se ghapop A A 9 A 154
6 2 0] 20 x]A| E ¢l th(Tecson-Mendoza et al. 2008). %] % 2]
QPE A2 shshok B AATHE v % mAH, Sl% A U
QA E 2 Y 22 H 28 RS o] Got 1A (particle
bombardment) B HH -2 £-3| 0] 0] © H(Fitch etal. 1990), &
/0] A A E o] B E lth(Caietal. 1999). -4
AZ O e, =Y A RAAE bR FEf o) @
Ao AE AR A1 4 Qe Ego) ¢
o} wheba] @ AR Y] 24 GARE AlE GMAUR &
407 =9]35}7] §]31o] Agrobacterium tumefaciensE 0]
3t & 2 A 3lo| o] o] A th(Zhu et al. 2006). A. tumefaciensS
o|-§3t 27| 9] upujof FAASHE ol dH O mHE AL
A &7FR| 9 =88 & 91 © 1 (Pang and Sanford 1988), £ % 9] £+
At A2t A A o S = A A 2 v E o] 83 A
M-S F5) 0] 520] Flrh(Fitch etal. 1993). o] % 477 5%
o e FHA 75 g A= ko] AntAlz A A&
Q131 A Af| 3wl A AL 0)-&3F Agrobacterium-1f 7l & 2 A
ke Folf 7129 FA g o vlsf 4=&0] 10~ 10044
%= A E 3<% o F(high throughput) & 2 A 2 WR o] g
2 =] ¢ tH(Cheng et al. 1996; Zhu et al. 2006).

gafop FAAS A A -5 v Este] ot FEA S R
of5}7] 913k F-AA o E & 9]5ho] B A 7HA] = cauliflower
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mosaic virus (CaMV) 35S T2 R E| 7} tj 52 A} g5 11 ¢Jth
(Tecson-Mendoza et al. 2008). % 7] of|+= Aldhu}7| 2 A A 7]}
ul-o]| Al of| A &A]-S H- 6] 5= npdl (neomycin phosphotransferase
) A=}, 2 328 AR 2 uidA (3-glucuronidase) 77 2}7}
ZF &2 A8 Q) th(Fitch and Manshardt 1990; Mahon et al. 1996).
ol &fo= YA sto]1mutol Al A A hph
hygromycin B phosphotransferase), A 2 A A &4 -2 2K bar,
phosphinothricin acetyl transferase), GFP (green fluorescent protein)
S &85 Qlth(Zhu et al. 2004a; Tecson-Mendoza et al.
2008). Phosphomannose isomerase (PMI)+= mannose-6-phosphate
9} fructose-6-phosphate 2] 7}<] 2] A g-& Zuj it} o] AAE
Faslsle pmi FHAE 2 A o= ABAEE
mannose & oot gl Al o A AET o= it vtk
of Az A= PMI &/ o] A 9| §lojA &4 S 2 mannose
S8 AH8 4 510, 3051 0 mannose o] 87| o] -4
R NE R b ER PR R R
th(Souza et al. 2001). Zhu 5-(2005)2 pmi AR A} 28+
27 Al 2 349 vutor 3 A0S B & Sl

GM Tjmjof 7Het

GM stutof & 913 78 53
(FFol, vhol g &), =8 & A%
A AR o= 5 ek o] Yo
WS AYAbel7] 47 AE o 24 ghutof

935t L7} o] F 0] x| I Q) TH(Table 1).
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©1-8-9f| (carmine spider mite; Tetranychus cinnabarinus Boisd.) 2}
1l ] 55 (leathopper; Empoasca sp.)i= Itakoko]l 41 2}3t ] 8

Table 1 Major target traits for genetic modification of papaya

i
ofd H

oF7|SHe 0 B0l AT T §RE 47 A
ABLE R (Aphissp.yi= %27} 012 5 ghajop s A,
A W42l PRSVE 1 7]l & 4= 9] th(Tecson-Mendoza et
al. 2008). Phytophthora, Pythium, Rhizoctonia 52 T} 3}-of 341
Eo)| RAEW-S 545} a1, Colletotrichum gloeosporioides-2-
FE Hdof FFEst dARS doity a2 5 34
5}= 1 © & &= Phytophthora stem-end rot (Phytophthora nicotianae
var. parasitica), Phomopsis rot (Phomopsis caricae-papayae), €

B o 1
o

A’ (C. gloeosporioides), black stem-end rot (Phoma caricae-
papayae, Lasiodiplodia theobromae), Alternaria rot (Alternaria
alternata) 5& 5 < Utk

Asofe] TS AAsH7] fisto] Hul AR
(Manduca sexta) -] 9] chitinase 34 A& Ttu}olo] A W]
A TH(McCafferty et al. 2006). A F A Z Ao A WE AH
5343t A3}, chitinase 5 UH 8} = Ttutof FAM A = A
Sofo] 48 2A Al Aon, A AY £ 240
HE B A3s wor) sfo|Eerel Al %o shifel
resveratrol (trans-3,5,4'-trihydroxy-stilbene)2 2-33-0] | of % g}
A& Fofste AAdEd $9 stz g A 1o, wihy-
droxystilbene synthase (stilbene synthase, EC 2.3.1.95)9]] &) 3 &+
A = tHDelaunois et al. 2009). 3 &= 22 2 E] B.2] ¥ stilbene synthase
AR Vst E o]-&-5to] Fgol g of thgt A d & S 7HA
7]7] 9|3t wo Al &7} o] o] F thDelaunois et al. 2009). In
vitro #}oll A 1 mM resveratrol©| P. palmivora o AHA| 2] A A+
AT 23S vpgon WAR-HE ERuE ZHsl
Vstl A AE shafopol A & Al 7] Aah, B+t 4 E A+
ofl Vstl A o] e o] F7hskw, A A A= P. palmivora
of] t 3k A 3} A o] Z7}3FS H 9] tH(Zhu et al. 2004b). Defensin
& A 0] B 02 ZASHE AR kDa o5
w2 Ao A meE kA Bl A2
37 g o Ak 2 M Al ol el WS of

Srr

Target traits

References

Fitch et al. 1993; Cheng et al. 1996; Cai et al. 1999; Chen et al. 2001;

Papaya ringspot virus (PRSV) resistance

Lines et al. 2002; Tennant et al. 2002; Davis and Ying 2004; Jiang
et al. 2004; Souza et al. 2005; Kung et al. 2009; Kung et al. 2010;

Jia et al. 2017

Papaya leaf-distortion mosaic virus (PLDMV) resistance

Kung et al. 2009; Kung et al. 2010

Phytophtora resistance

Zhu et al. 2004b; Zhu et al. 2007

Insect resistance

McCafferty et al. 2006

Aluminum resistance

de la Fuente et al. 1997

Laurena et al. 2002; Magdalita et al. 2002; Magdalita et al. 2003;

Long shelf life/delayed ripening

Lépez-Gomez et al. 2009; Che Radziah et al. 2011; Sekeli et al. 2014;

US patent 6495743B1 (2002); US patent 7084321B2 (2006)

Herbicide resistance

Cabrera-Ponce et al. 1995

Vaccine production

Zhang et al. 2003; Hernandez et al. 2007; Fragoso et al. 2017
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Aok Fu| A=A = 282 th(Meneguetti et al. 2017). 3}t
ok W3, 7], v} So Hajy AWe oplshe P
palmivora®| =& /S Z-=0), o] & A5 5t
Dahlia merckii 52} @) defensin 8- AHDmAMPI)E- 1}-1}ofo]
2.9) 9 chZhu etal. 2007). B 2 AL 7)o Tral )
2.2 invitro 4| | Phytophthora®) A%+ o\ A]31%1 254, <)
WL ol ST AE AR N E FAT ATE BTt 24
Z710l| X o] A A E A, P. palmivora] T3k ¥ A 3}/d 9
S7h= A F ol A FARA| & o] A== Ak B
o] ool EHQI= it} whufof Aulf, £7], Holl= U+, A
%, 23l tigt Hol7) 2 Wi et A o2 A glo
™, cysteine protease 2] U592 papain®] & 55} chH(Misas-Villamil
etal. 2016). P. palmivora= T a}of o] B E 2 2.8 7+ A 7| =
7325t v o9l ©l, papain 243 -S A A| 5}+= cysteine protease
inhibitor % 154412 0 24 ek WA S 27 H Ao
]| 2 & 1 th(Gumtow et al. 2018). P. palmivora®] tjj gt A ALA|
d| o] E] 2 5B 57} 9] F-H| A cystatin-like cysteine protease inhibitors
(PpalEPICs)7} = gFo] 22l =] }ltt. o] & ol Al PpalEPICS
T A7} P. palmivora £ 0] 2] o], afutof 7} ¢ Al of HFE o]
2 SHA| I % ATt Ppal EPIC8 A 23} T 2 2 papain & 4
G & st A8}tk CRISPR/Cas9-1 7l -7 A}
& AH-&-5ho] 2R F PpalEPICS|| th 3 454 3 = A W o]
A= ok ofl Hlsf papaino]] &3t in vitro A7Fo] A = %l
O nf, afutof Gufjof thgh ¥/ o] 745 tH(Gumtow et
al.2018). o] 2|3t A vk= U 7| kol A shakok-P. palmivora
o Agol ek AR oby 2, <5550l A papain 2/ 9]
242 50l P. palmivora A3}/ wtutok 7)ol th 3t 7+

& o} A Alalo] 2.

o o
S~

HIO[2A & Xy

PRSVE AR A0 & 714 2 Q 8t Poryvirus 259] <5381, 2}
AAfe ol M= 2 51| 5] FATFTITh. PRIV nha
obs 791 Al 71 S RPRSV-P)} 3}k of o] 9] 0] 75 B
3} 98 (PRSV-W) Q.2 LHRo] 2tk PRSVE 19481 o]
ofof| Al A5 0 & W & of stefo] whufof Ab¢] o wlj$-
bl alE el olel, WA AZ 02 Tafof At v)
2Rt 1 o] = AL Lok oA 7hA] PRSVO]| th gt -7 4
A asop SR A WAL A 2T ek oFS
Hpo] g A5 o] &3t A| =7} o] F o] | O L} 3t 5= Fo] 4], vl o]
B1220] 41 wlo] 502 18] 4§ M o] X ergo] A H Y]
T}(Bau et al. 2003; Tecson-Mendoza et al. 2008). 3}z oF 9} )11}
ok} Vasconcellea sp. 7+2) &7+ Wl & £3F PRSV A A &
% ;elo] ool A1 gy, BT, B EFC 2
A Fol sipof A5 SFol Yol =8 A7lEo| HaL
8] thH(Tecson-Mendoza et al. 2008). 1980 tf] S1to]| 24==9}
T2 HIES T8 Ao et GM 5o o 2H 2

O iy

©

17+
Al

o mx
N o,
flo ol

o

Wl ok o} seko| e stulof A GM ahatoR 712 913 Al
L7} o] Fo] A PRSV-A g ¢l o] E “55-1"0] REZof F t}
(Fitch et al. 1992).

U AR A volels AFHL Sanfordsh
Johnston (1985)e]l 2J3l] 4 HH L2l #13/J (parasite-
derived resistance) 7l g2 7]HH O 2 3}, Abel 5(1986)0] &
ujj 2A}o] = Hfo] 2| 2(TMV) 9 coat protein (CP) f+ A AHS 2
AAH O 2N 2| 2= vlol g A A|3Hd Bl FEAHASAE
AZrst it ghapopo] WA =S St W Rl
FAEEAZE CPFAAe}E o] 9 )1 5o A 51w Blo] 2
2 G A A BA) of) o] 5}= replicase (RP or NIb, nuclear inclusion
protein b) 3 &} 7} 3= 2 AF8-&] 21 Q) th(Tecson-Mendoza et al.
2008; Fitch 2010). CAMV 358 Z 2 1 E] o] 9] 3] 0] S 27}7] &
AAE THE 5.2 §31510] WA 7 © 2.4 posttranseriptional
gene silencing (PTGS) 7| HFe] PRSV A& =95} qlth
(Bau et al. 2003; Fitch 2010; Table 1). 3}-2}-0] 9] ‘Sunset’ &30]|
CP & A7} Q1 H GM Z29] “SunUp’ (Ry o] 1 E 1 “55-17)
= Non-GM 2:3}5-¢l ‘Kapaho’®} iLH[S}o] U2 FF0]
‘Rainbow’ ©] ™, ‘Larie Gold’+= | 2} 21 ‘Kamiya’ ¢} ‘Rainbow’
25 wujste] vhEolXl FFolth = FA -9 South
China Agricultural University o] A 7| 2% “Huanong No. 1’(4 2}
3 ‘Solo’ #E) RP 4 A7} &= ) ¥l GM #5-©] th(Chen et
al. 2001). s}-2to]of| | & 2] HA Hfo] 2| A 9] Z AR o] {2
OF 5 HEo| 2] A QI HA S-1 o o thalf A= 2= 229
GM oHI EQl *55-1" A|-g-0] ¥h=0o] 5 & U (Fitch et al. 1992),
=2 77 CP F- A AL A Do A o BIEIgE H ol 7} K AL E QL
© (Jain et al. 2004; Fernandez-Rodriguez et al. 2008), o] = <l
o skofo] o] 9] o] 2| ol A f2fst chekat Sl s &
A3t A3FAd-S B o] FX] ¢&F3th(Chiang et al. 2001; Tennant et
al. 2001; Bau et al. 2003; Davis and Ying 2004). PRSV <] tj 3} 3%
9 A S F=517] flsto] thget Al d Hlol & Ko
%= oFo|it A9 PRSV o+ =59 CP {3 A} Al G 7ko] B
EH 95 H=6taL, o] & v S 2 RNAI 7|55 o] 83
PRSV | 3}A] mlufof 7]t A| =7} o] 0] % th(Jiaetal. 2017).
PRSV-A| 3}/ GM &Eoll A A 244712k o] 3lf517] ¢
sto] A7k el ‘SunUp’at ZH4=/d ¢l “Sunset” &5 o i
PRSV 7+ A9 A7t o] ¢l o1&t &= AAMA vl &
A& 3 5kl th(Fang et al. 2016). ZARA| Bl 3L FA] A i}, 2~
g2k WATA A §H2HMYB, WRKY, ERF, NAC
)0 AE A BERQA AL A AL P E) AS
g W ARl A2 Sunlp” FFol 4] 5t
&

N
30
o

o oS o

CPLERP 71249} 22 po] 2] 2
& B3 RNA-T) 7} PRSV-A 84 =

o)1 ik PRSVO] w3t 5 91 A

2055 59 shbrtuhol g2 G
1

o
I
T 1o
S
o

Mot mo ol -
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Mangrauthia 5-(2010)-2 in vitro A 312 Z3}] PRSV Y] silencing
oA okl A (PRSV-HcPro, helper component proteinase)©|
microRNA (miRNA)o| &] 232 E3f RNA silencing®] 2] A|
A2 AL35k 4~ 9122 Ho]FQit}h ESF PRSV-HcPro9] in
planta I8 & F3l miRNA 7]9F 24 7 2 o A A} &2 2+-§
sto] 4| 0] ol g vl A ik ob|2h PRSVE) o] %
Hholg| 20 & &3S 2052t} Kung 5(2015)
A58 vho] 2] A RNA $0 41 & o] 83 7l A7} 2|
27394 §5) Hebro7h @71 4.2 1)
9 §ho =M Cp $-74) £9)
UZ= A8k e o] 2
o) HePro2) 3'-H] o} = 39]
£ st atupof HUATAE A=et At & Ly
402 riobe oA Helg
sl el A e et A& 7Hd & A A8kl o B
o)2 A A e o] fistol BAHTE Fak o
9]0} 0] 7} &} RNA (dsRNA)L} hairpinRNA (hpRNA) S 9] 3
oA A=A = A3 F=Ysh= Wi o] ARg-E AL 3l th(Tenllado
and Diaz-Ruiz 2001; Robinson et al. 2014). Shen 5(2014a)->
PRSVCP §2719] R 2 3-0]3)= 2 9j0] e A= E 7
4 hairpin dsSRNA (ihpRNA) construct (ihpRNA-CP279)E A| 2+
&}l o] & RNase [I-2 9 th A =0 A "I A| ZiTh o] =
H-B| &3 ihpRNA-CP2799} PRSVE F Al ol &3t 21,
HE 52714 71A PRSVO]| th gk A &g o] -4 = it
ks HERE FobA[obo A= PRSV Qo= E ThE
potyvirusQ] PLDMYV (papaya leaf-distortion mosaic virus) ]| 2] 3f|
sfstof A1¢Jo] 4] 2tak 9IS 4F 1 9k (Bauetal. 2008). Kung
5(2009)2 PLMDV P-TW-WF 52| CP 53} o o o] H &2
73} chol A £2]  PRSV YK #29] S 3] o) =
R91S e CP 955 G0 Hi AU S FA0] 3
= Bl 35 7] v 2f DNAE I3 6l= 3 A SHA| & A2
o}, s}sfoF @ 2 W el A 552 PRSVE} PLMDV] ot
A& Bolon, A5 AT shetol, B =, WA o A
gk o] % 2] PRSV 59l thalf 73t A3 4= 7Haloh
 Kung 5-(2010) PRSVE} PLMDV coat protein (CP) -4 &}
Hol| gt 7] v 2t A 23k el W B & A &5t Ahg-5 5
=0l e FHAALAE Ndst =, A5+ FE
85717k thzof 1014 F a3 374 59| sholc.
Geminivirus 2] Y %<1 papaya leaf curl virus (PLCV)+= gemini-
virus@} PRSV7} utafof AARS A dfj ot Q1= H5 2o
A SRS F0 412 0] sfLto|ch CPSLRP SRS §
&gt constructE W E A| A PCLV A 3}/ atutolE 7is}7]
9lat w2lo] Q1% AASo] o3 o] o)A T 9 Th(Fitch
2010).
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45 = XBY 50 B
Wl g

e & ol = wtulof b of A wlf - T 2.3 A 59
SPUZE AR} 4 2 SolA D40] O3t 58 F &
olell, BAFES] 30 ~40%0] o] & 4= kil HiE it
(Tecson-Mendoza et al. 2008). T}u}of= 25~28% O] Ak-2-of A
L 459, 10-122.9) Ao A 357 o) BE §5 714
(shelf life)S z+ =1}, gfabope} 22 A 5HA] 71 (climacteric
finel 4] 4571 27] Aol FAT £5] F7H A7
ol &J gt o F el A3t FHHE T webA EnfEES HE
gk ohekek A ek vk 2HEof A ACC synthase (ACS)UF ACC
oxidase (ACO)O} & o el T4 U150 248 5
3t 427 2 A7} o] F o] A t}. Tecson-Mendoza 5-(2008)
< vtufof Aufjof A Fe) et 27 9] ACS - A acs!, acs2) T
of| A acs2 F-7AA}9] antisense WS 53l ¥ P A HSA of
H] 7] 7 A 5o, 94 Aleol A DpA ] AEs} 4
= gupol FAMSAE A Uth E3F FFAFEol et
Azt B Auh FAASA = eI C TS H RS =
2 QAR A B ARA L AL A FEHE B
acs? A A 240 o) 47|17} A 4 ¥ GM T}itof o]
HEEof A= 25 Queensland ] &3} 2 2|3 Laguna
Aol A ZAF A F = =3 =] AT} ACO -2 2}2] cosuppression
oJi} antisense '@ of] ofsf o H&ll YA T FS AT
24 gs}of 7] 5 2 45}7] 913 A% o] 0] rHLoper-
Gomez et al. 2009; Che Radziah et al. 2011). Sekeli 5(2014)-&
RNA 74 (RNA interference) 7] &2 0] 2319 acol 32 aco?
FAA S AR e =N 2N E = FE A

= g v)a) 8 5 $5718S 27200
7 @ b ek, H ol GEE YxTe} ol gle
o wslth of glofw AEy Raol BAT pectin
methylesterase, B-galactosidase, polygalacturonase, xylanase 2] 2F
A28 5o 1 B UL WA 17 A7} o] o]
Z TH(US patent 6495743B2; US patent 7084321B2).

YT0[F2 M EA Aekd
A A 7 2EA] 2] 40%7}F 2 g ool
¥

Ak AP = B 2ol 4 a1t
[e]

=
wHEE 7 EFulE A 2 A

-

EAE | 23 4= At} Pseudomonas aureginosa -2 2] citrate
synthase (cs) - AAE Ao @ st ofutof g AH A=
2ol vl A|EE2ARS 2~ 34 T Hol &H|5kl o,
300 uM O] A1) oA = B 7t A ehuhe] A Rl
A S-S B ¢ tH(de laFuente et al. 1997). Cabrera-Ponce 5-(1995)
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S fANEFL ST RS ATt FHABUUS T oA ¥217HGM AlE o] $EE A EIHEE 511 9]
Z8h= 77 of| A phosphinothricin A% bar A4S =91 ouh, AR 7o A ThFt Aol A vl 7FGM &0l B
oz Al zA A3 ghutors Afdet ik A A 5t 31 E H Qlth(Nakamura et al. 2016). 2HfoFo] -9, o] A

sfobis AR A B E RT3 ~4u] 8 F o A E A 24
phosphinothricin®] o 3] A &AlS X ok

FAE BT ST sE AT DA S AHEA 2
A Aoz TAAA FYH o2 BEste A7 2
3] o] Fof AL 9l o, U5 Tha A o] Z (o], 1L

TH( Mycobacterium tuberculoszs)
o ZH T F o}uro ESAT 6= atutofol A HHE A] 7]
7] 935t ﬂ:}ﬂ Al &= %] @ tH(Zhang et al. 2003). &%(Taenia
solium)©| 23} 2= = d5-5(cysticercosis)> 7F (S A, 4
)k oy gk Alghol| = 9 gF-g t)A] = A B o] t}. Hemnéndez
(2007) A FFFol tet M-S BAskr] ffsto] &
=T, crassiceps)°l| 4| EFel = 371 4] A H gl =& vlufof
oA LEA L FEAAL A A B a0 84 F=
29 ol gatol A Aol Tal FAFE A, FAL T
crassicepsol] 2250l A EQlo] = ¢l o, il A] Fof ] A
9] 90%7} Y553 ®H ol A 9kttt Fragoso 5(2017)2 7| &
o] BHE 3712 Y22 e s s AfA AES

2 2G50l e 2 Aol 49 Qg A o) 71 M WAl
Y ERES PEOACL A Aok HAS HRE Fol
Bz a1 410 of, cheFah w4l SubA|oto] g 2 0l g
Mo BRE P4 EIS B HA MY HF A2HS 2u
s,

2016 7<= Al Al GM FA4F Al o= 1589 & of o] =
AL §lom, 28 7= of Al 1.859 haof] GM 2h&-o] A ufj = 3L Sl
T GM mhufof o] 74-9-, 4k 9 A4 Q1 A ulf 5915 2 gk PRSV-
ABFA] EZZo] )= 0}9}01(% 1,000 ha; ‘SunUp’, ‘Rainbow’
% 5)9F Z3(2F 8,550 ha; ‘Huanong No. 17 &3)0f| A 2 vl
L 3l tH(James, 2016). 2~ H| AF-Z0] GM 4 ﬁ°ﬂ sl 7+ 5
= BB GM 2z AfEto] A" FH A A 71913}
Lﬂmﬂ% 5.2 o 27] i BAlolth theby e
T7HEE GM 2Ha5 Al &0l ARE-Sh= A ofl Jlof Al ¥4
ol HAE Z< 11 Q) 0 [ Y E-Standards for the Safety Assessment
of GM Foods (Seed Plants), 2004; §t=+-Good Review Practice for
Safety of Genetically Modified Food, 2011], GM 2] % 2] o} % A
HoHe 2t F7hE Yo Rl w9 R 0 2 Sy T

WGMQEA%ﬁ%%ﬂﬂﬂ@%@ﬂmaﬂﬂiﬂé

4 n{m
ol

Fl
o |

PRSV A q}/d & 2= H| Q17F GMo| thof gt 7k &0l A A=
%l v} @) th(Nakamura et al. 2011; Nakamura et al. 2013; Nakamura
etal. 2014). GM mhuof ot A A 3 7ho} B 8 A 91 %] ©]3) A4
I} 347 Qo wate] AghE A o] =3 = et AA|
9150 ol oAl F2 2 UL o] §3 BA o] o] o]
AL, 27 fleidol dafAl= B mAE Aol vl A=
ol et o] £ o] Roj A,
PRSV CP 3 #1215 7H= GM u}utofo] A7) 7H 4
w2 E|9S o) 4 24T AL WS v
g}o}sl7] £]5}o] Powell 5(2010)2 370 € E-oF
Aol 3 AgS SHatsch 9o 4 24
e B R LI RS R R
GM 471 -2} Non-GM 41 312 7bo] 9] w]%k 7}
th 5 25 7bo] v A g5 9] Ca™ W Na' /K" ATPase
Foju| gk Ato] & H Yo, & Hupe] FEf W
2] sk}, AASL AR A 0 2 GM }uore]
g 0 oA dmsA o
1 B3 GM A o] 7k H
J = wA1517] $18t] Chen 5-(2011)
o]l 4] 7l PRSV/PLDMV 5-A] %|3}d stakoke} Non-GM
ZT+E ovalbumin (OVA)-sensitised mouse & of] 55271 7
F =olsick. 5 4lo] 18110 A%, Y% 7| 2e] Fefo}
A, AA| IgE A ==, OVA-E o] [gEe} [gGl 34| 5= =
= OVA-8-%& interferon-v, interleukin £-8] 5-of 9J o] 4] 8-2]
0]k 2ol & Eof 2] oL, IgM A 5 =7 GM 4]o] 1
Foll 4 @71 5] 278t Sk AF%] Al 7h 591 PRSV CP
A} = ¢ ‘Rainbow’ 2} ‘SunUp’ 35F-2 5Fe}o], o= £ &, 7|
LFCho] ] 48] 5] 3 Q1T Fermin 520112 %) CP thal
Aol G 273FUA oS 2SSt PRSV-A A&
Q1o =9 CP e A 2 7] Eof G Xl dre| 27] 3ol &
Astiz 871 2] A4 ou] Al oS 77 91X eeni, 7]
& e =TT 35% W) M E e S et

=

=

E
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o o MU rlr
off 24 & o |o
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Ut FLT PR NI Gl 22ef A 3= st
o ejof| = k| 2 7] el ofl tik b 7]l whet ek
SHH|L F A4S T8 2 F A 0 R 29 1A -2 PRSV CP
off ek AF L 27] fd2 fle A2 2 H7hE Ut Lin
5(2013)2 digtof A A= 7 PRSV-A @ GM Al 55
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Non-GMT} GM Alo] 15 Zto| Estd o g B4staor  FF2 ‘SunUp’ o] 5ol Hth ‘SunUp’ 52 v P A A e
Zpol 7k QAT o] o] A= A A SHol JlofA ‘Kapoho” 55-32] W] 2 5-¥ F %< ‘Rainbow’ 7} THE
GM ututop7 25241 Ql Ant mpujopel A0 2 F53 o Frh ‘SunUp’ 2} ‘Rainbow’ o] o 3| PRSV-A /4 gH2l2 9]
2 A A 5FodE ). Roberts 5(2014)-& Non-GM ¥} GM w}-1}-of 3 2F Aldlo] 1992~ 1995 o SFelo| oA 43 =] ¢l aL,
of 3l A% 24 o] ZWol A Fd o] Zejstel Wl Aystelx 19974 ulst A Ko o5 GM uhufofo] AFstel o gk <
SR & A=, pH, 54, 7] S)of ek vl 45 4= o] o] Fo{Fth Ol S HI XSt T, a T AL B
ot on], PAgto] spufof Aufj of Zejasta EA4S 2HE, Auth Ak, Aok, ApH|o]7E A2, o] A

H QP ] 71| g Ho{ 58l Lin ‘6‘(2015)’1:‘ Lin 5(2013)
Fo|| A AFR-3E A3 53 GM A E-S AFEEFe] 1
ok 7] Z[Regulation (EC) No 1829/2003, 2003]0]] u}-2}
F15 )aro.2 90217ke] GM Aolo] w2 4% ekl KA
& ok 7L 23, GM ahaobiz A1 994 Zwlof A
non-GM} 21474 540 388 2 15},
GM ututopo] 2k 9fsfAdofl gt &t 2006 o] A
0 2 o] 2] H t}. Hsieh®} Pan (2006)-> GMI} Non-GM A Hlj
A B AlmE A5 5Ee] PRSV-A3}d GM mjufopr} EF
oA o] A= FFE EA 8% Th AFLPE H|£5to o}
et FAESHA Y EA S AT A, RO ESG AR
of DA TS 80% O] 4 §-AFRHS: 1 0] GM sk afof Ao
= Eof nlgo] o ATl FFE vAS Blel
T}, Iwaki®} Arakawa (2006)= GM 4] & &-2 o] -8 4| A 814
TR mpAl) 7 £ v =R o] H=AE Felsk= A
2 1A o] 5 Sleto] mpll § 1AV BB E E
2tAn) =& ZH= Acinetobacter sp. BD413 w55 GM 1}ithof
o 4 %23 DNAZ B QAT AF 2}, AA) 2
sH ol A HHAg 817 ofl = o - W& Rl = o], whaatof genomic
DNA 60,000 ~ 90,000 2 2}5H(10 ~ 30 pg DNA) 3 71 ©] 7}Lja}
o|Al A ZE Y7} FA T} Lo 5(2007)2 GM 1}t
oF AU} Eopoll A w9 fHAY WEES HATAL &
Hake] 271 17) 240] ek 2o 4w hE A Ueh
o, 27) 9] FAT 23l T A A 3] 1"5: S = oL, EoF m A=l
o3t a4 Fofjof EoFol o3t F&bo] Aol ¥k vl
At B s}t 3k, Iwakiet Arakawa (2006)2] X 119}
= B8 2% 9] Acinetobacter sp. w5 EF | A =3 DNA
= A3t dat g A A gho] dojubA] 2 Skth(Lo et al. 2007).
Sheu 5-(2008)-> th gt EF 7o Al %3t DNA9] tfj gt
denaturing gradient gel electrophoresis (DGGE)E 4=3) 5} o] GM
ufutol AA EFo] w| & v & AT AA =
710lli= Bte| 2o} thefAgofl thas Apo] 7} ot Al 67)

Zoj|= o) 7} ZrastAtty RuEgoh

l‘

1>
E{F‘ m>~

GM mjmor #E & &Y

AL, 42T EFQ Sunset’ S A 22 F 2 GMoJHIE Q]
Ry ‘55-1" A|-&-0] REEo Atk o] AlE& B F A %12 ‘Sunset’
I w ko] Ry Al F-0] SFEE QAL O] 5 A7EAI A 2
AFE TR A B0l 83 H 0.2 4 229 PRSV-A 34 GM

ohwaLaaLxH B, W W= Sl A
CPe}RP £ 7170 315 3l H] 3% 912 o] §3 Y A2

A7F A= AL 27 AR o] o] Fo] HTh. 2006\ off T A F-
+= South China Agricultural University o] 4] 7} &3} PRSV-#| &}
A GM %% (‘Huanong No. 1)) A4 31 45915} th(Tecson-
Mendoza et al. 2008; Fitch 2010). 0] A+1} o], thoFst <-7}oj
A cropst Al o] E5E0] et §AAEA 2 A% R EA
ol +-HE 1 olck Selvhabe] A9, 2o A 0§52

SERTES SRR T DEEEEDER
of k. mebA] 4191 A Afe) %91 W] ¢S GMpsobe]
S| JAE BT 4 Uk AFolnE, BY FFAY

S
o] MR E Y 9 4% Qb4 B7hE 9l 587 w7
¥o] 82 5 o of whek.

GM 2 B A 915 chokdt 1S e} 28
531 gy, 2 DNAUHE 0 & &3t o] 2l
SHA| AFE-E 21 Qlom, 11 o 2= UXF PCR, real-time PCR,
ELISA (enzyme-linked immunosorbent assay), LAMP (loop-mediated
isothermal amplification), microarray, MIPC (microdroplet PCR
implemented capillary gel electrophoresis)E & 4= A tH(Wei et
al. 2016). Wakui 5(2004)-2 <55-1° o] ¥l E 92} o] GM T} of
£ A=517] Slsto] FA=RH Hl(embryo)E A F et & =

15}8+2] B 2 E5f = 9] % B-glucuronidase (GUS) 54 &}

a %‘5}03 t}. PCR W (Y ¥t & = real-time)2 23 GM 7
Z WAof|A mtulok E0o] endogenous reference genel =
chymopapain (CHY)©] A% %] 1 th(Guo et al. 2009a; Wei et al.
2013). “SunUP’ 7} ‘Huanong No. 1< 1] 235}0] thoFsk GM 1}
gpof 7 B ol A AHEH LR RE, Buyo]g, At n
74 2 =] FAA Sof BAEA| 2 T-DNA AT 91 A] 1)

= et oJHIE So] EAEA7} A E e, o] 5 A4
ﬁﬂgg%&@qwﬂ*m;uua—ﬂﬂuﬂi 2
GM oHE E=GM 78 4 23 HES Y3 45 PCR,
real-time PCR, LAMP Y reverse transcription-LAMP ®¥ o] &+
A thLo et al. 2007; Fan et al. 2009; Guo et al. 2009b;
Nakamura et al. 2011; Nageswara-Rao et al. 2013; Nakamura et al.
2014; Nakamura et al. 2016; Wei et al. 2016). Xu 5-(2012)2 & &t
multiplex PCR A]| A8 o] A} & WhA 6l = o b I gjo)
v 32 3jo] 59 245 o 25}7] 915k wniversal primer-
multlplex—PCR (UP—M-PCR)J"—} sequencing gel electrophoresis&

¢33 w2 5128191 of. Kim 5(2010) 2} Nakamura S(2013)
& PCR WYY B real-ime) & 53 A1 % 5 5= shho

mlm _1>4
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teE(exd, 98, A, d& A, A, 4, Y5 &
)l oM E 55-10] AREE| e H 53T Shen
(2014b, 2014¢)-& 3 AFo] 4] PLDMVS} PRSV O] Al4:3} 11
o3t 12 915121 one-step RT-PCRo]| v 3fj 108} o] 4 2 =
7} =2 reverse transcription-LAMP HH-& S1-=35} 9 th. Next
generation sequencing (NGS) 7| ¢ o) uwha} A ARA|
(RNA-seq = public ESTs) = 9 4% 243 53] 3]
A A7} B-E 3 A-EA 7F GMO (genetically modified organism)
QA9 o] RE mpotstr] I3t A&7} o] Fo Al Qlrh,
Tengs “5-(2009)2 of 7178t 3 2 A ghAf| o] T2k HARA] £4]
S AT &, oW FAA ARG in silico 244
(substraction)= <=3 5} %I T}, off 7] Aol 3-7 A o] mapping &
Z] 9k= sequence tagsof| T 3] NCBI nr database©f| tf oF 7 A2
Sreal 3, At @ A 8 2|20 ALg-E pBII21
Hob 5 Y $AES Btk YT AT WAL
‘SunUp’ 3}-31}oF EST sequence Z & X of #-8-3}o] PRSV ¢p,
uidA, nos terminator®} U 2| 5}= cDNA A g Zrolf it
2008'd of] GM TfukokS] “SunUP’ of] T3k 2 QF 9] #2414
A B 7} =5 ¢l th(Ming et al. 2008). Nakamura 5(2016)-2
GM 7 2 of A FAd Whg-& H.Q1 m] 2] & GM shatof Al
A5 w2 544 715 re-sequencing& 4345132, o
Az FAA EE A A8k &4 E 84 4
BE 7|Hro 2 GM A& A& construct A &, T-DNA 4}
2 1715 soltomn £ U7 % olWlE So] el
ARE 3 H 519 o, 1 ZI}E real-time PCRE 3 9=
shqit.

19929 2| % | GM ututof o]l E7} wh50] 2] AL, 1997
HE 3 AEZE 802 PRSV-AH A GM 29 A
&1 Ael 7} o] 2ol %] 7] A2k A4} 7k4] GM stao 7
uro] 7.0 ke sfapof AlAte] lof A o] 2711 2 5
(PRSV A4, 8 T A4 Zof) )8 0] 27 0] 2ol
A Shk. 7% 1] 4fo] A4 HER Aalzke @ A4
ol 4 5 GM 7}afof £ -2 71543 o 42 2,
DR7E7H) o] R4 T A4 o] 914 347 E Ao
7%= tH(Abu Bakar et al. 2003; Fragoso et al. 2017). 2| Al &
TR 715 A 2 5 B A WA Foll -84 127 (genome
editing) 7] & 0] A 7| &2 8511 Q) ©1}(Gaj et al. 2013;
Wooetal. 2015), O} 2] 7HA] GM Thittof -5 7 dhof| 2-8-F At
=R molch shafops $ A LYL 97 A4 71490 24
o @ 35S A AT A A 7L 2 2301 93 (Chenget
al. 1996), wtutol S A A AR = hH E] 9l © B F(Ming et al.
2008), §704) L4 7142 Thafof 24 5] 3lo]A] 4
Aol 2 Flew Aeret ok SuA 27 7ure] 17
SFo|Zus| o|Fod Ao R AYEHE AL HE F4
A eH(genomics) 7] ¥} GM i 7| & &= & A w kA A
g Ao A

o o 1>

o
o

XM O

= i

gafoke Ffof of A A & ol A F i 5HA A e = AL 9l
= 78 A= 59 stitolth. ghufof Pulj= AR )7 Wil
HIEHT A9LC, m| Y| o] F-7-5H, m] < fof = whul A Zsf
A aQl mhuQlo] FHEEko] ook, SHkE, A% 7Hs AHY
Soll de] &&= qlk. AAA atutof Abd ol A 7HE 5
23t A5k 291 5] }1t7} potyvirusol| £ 5}+= papaya ringspot
virus (PRSV)ol| &]3f| oF7] &= A} &1 o] th. 1992\ of| ] = &
TFAFEof 93] PRSVY] coat protein (cp) FAAE Wl sl=
%] 2 ©] PRSV-A 3/ GM "t afof ol E(Ry’55-17)7} T
Hom, 19740 = o] 25E Fg GM FF(‘Sunlp’,
‘Rainbow’)o]| Tl mf= 571 G4 A& 525kt
AA7HA] GM Thafof Zia-e s 5 A, B A (F%
of,utolg| ), =8 & A S, Tl Al 2 A Ao
359 FHo) 24 g o] g} ob& Y HutolE F&
T (A F) BARS QI3 Al BT o2 get] 9%
At o] ol ek @A, v =3} S W ET oF 177 =
7Foll Al GM shatof 7] kit s 7k A9 = A A Al 7t o]
Fo] 2] 2L et GM stutoo) Zf kit o Fof a2t g 3
7F 2 GM 4 7)< ol et A o] o] 2| AL Qitt.
A=A B wEisto] =2 Q1A el 2t 2 2l el
ol ek EA o] = w AL Qlek. QA i o] B, TE
ndls giFor F77E Aol HE Tl Wt /- =
4, G271, WY v, GM -2 T o] obg A
of ¥t A7k = = ek 2 913144 o] -, GM Al 7}
EGuAE Tl v dF MG A= &
G AF A EG YR Aol of flof 3 AL7E o]

O

QA= 015 GM E2 w9l o] L}, mhujof 7} Al E A

NN ox 9
éu%;}z‘.

ZS|
H]%-91 GM sk afof o] A-§-2 TFAISHL 91k 8] §
So] 4 iz o] ML= 50| 4] BATEA] S |5}, PR
(Y4, real-time) &+ loop-mediated isothermal amplification %
W& 58 GM o 55 g skar Qi ghufofof gt 29k 4~
] A A H 712008 of) 8 =55 3l o, 2| ol = ZHA|

o HAA B4 7162 SEE A DA GRS B
3ho] GM of -8 Tgat 7|4 B9l
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