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ABSTRACT 
Transgenic papaya, cv. ‘Khak Nual’, line 116/5 R0 was regenerated via particle bombardment-mediated transformation with coat protein 
(CP) gene of Papaya ringspot virus (PRSV), Chiang Mai isolate (PRSV-CM). This line showed high resistance to PRSV-CM and 
contained 4 copies of the transgene. Homozygous lines of transgenic papaya line 116/5 were developed by self-pollination. Progenies 
were tested for resistance to PRSV by mechanical inoculation under screenhouse conditions. PRSV-CP transgene was detected by PCR, 
dot blot and Southern blot analysis. The results showed that R1 progenies contained 2-4 copies and 20% were resistant to PRSV-CM. We 
selected resistant lines that contained only 2 copies of transgene for self-pollination to produce R2, R3 and R4 progenies. The level of 
resistance in the R2, R3 and R4 were 34, 71 and 95-100%, respectively. All 426 plants of the R4 generation contained the PRSV-CP 
transgene. Sixty R4 resistant plants were randomly selected for the determination of CP transgene copy. The results showed that all plants 
contained 2 copies of the transgene. Stability of R5 homozygosity and biosafety assessment are being investigated. 
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INTRODUCTION 
 
Papaya (Carica papaya L.) is an important economic fruit 
crop grown widely in tropical and subtropical areas. Ripe 
papaya is consumed as a dessert and is processed as canned 
fruit products. Green papaya is used as a salad; latex from 
green fruit is used in the wool and silk industry, beer and 
breweries, as a meat tenderizing agent, in cosmetic and 
pharmaceutical applications, and also in medicine. Further, 
aqueous extracts of papaya seeds have been tested in male 
rabbits for contraceptive and toxicological effects (Lohiya 
et al. 2000) and have been used as an anthelmintic in dogs 
in Trinidad and Tobago (Lans et al. 2000). 

Nowadays, ‘Khak Dum’ and ‘Khak Nual’ are two major 
of papaya cultivars grown commercially in Thailand (Kum-
cha et al. 2008). The volume of papaya produced in 2006 
was 131,000 tonnes with exported quantity 1,600 tonnes 
(FAO 2009). Although, Thailand is one of the largest 
papaya production countries in Asia, almost all productions 
are usually commercial for the local market as well. How-
ever, the production of papaya in many areas is limited by a 
destructive disease caused by Papaya ringspot virus 
(PRSV), a Potyvirus that is rapidly transmitted by numerous 
species of aphids in a non-persistent manner (Ferreira et al. 
2002; Fermin and Gonsalves 2003). Therefore, spread of 
the viral disease is difficult to control by conventional 
methods, such as rouging, aphid control and cross pro-
tection with a mild strain of PRSV (Yeh et al. 1988; 
Tennant et al. 1995). Nowadays, the effort to develop virus 
resistant papaya is focused on genetic engineering involving 
the insertion a part of viral genome into the nucleus of 

papaya cells. This technique was derived from the concept 
of pathogen-derived resistance (Sanford and Johnson 1985; 
Powell-Abel et al. 1986; Luis et al. 1997; Fermin and Gon-
salves 2003). PRSV genes that have been used for papaya 
transformation include the translatable and un-translatable 
coat protein (CP) gene, replicase (NIb) gene and CP linked 
with inverted repeat of CP gene (Chen et al. 2001; Davis 
and Ying 2004; Kertbundit et al. 2007). Using the CP trans-
gene, Chowpongpang et al. (2002) successfully transformed 
a Thai papaya cultivar, ‘Khak Nual’, via microprojectile 
bombardment and subsequently obtained transgenic papaya 
with CP gene of PRSV-CM isolate as well as the nptII gene 
for selection. The resistant line 116/5 was completely resis-
tant to PRSV-CM and contained 2-4 copies of transgene in 
R1 plants under screenhouse condition (Warin et al. 2003). 
However the transgenic plants do not produce CP protein 
which may result from post-transcriptional gene silencing 
(PTGS) (Chowpongpang et al. 2002; Ruanjan et al. 2007). 

The homozygous progenies were selectively screened 
through self-pollination of a hermaphrodite tree under 
screenhouse condition. The stable lines obtained from the 
breeding regime depended upon the insertion copy of the 
target gene, parental genotype, and morphology; the lower 
copy number of insertion tends to be easy for breeding into 
homozygous line (Phironrit et al. 2007). This breeding re-
gime was employed in order to achieve stable homozygous 
PRSV resistance and preferred sex type (Phironrit et al. 
2004). In this study, the copy number of PRSV-CP trans-
gene determined for development of homozygous trans-
genic papaya line 116/5 resistant to PRSV under screen-
house condition. 
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MATERIALS AND METHODS 
 
Screening for PRSV resistant papaya 
 
Transgenic and non-transformed papayas were inoculated with 
PRSV-CM isolate. The inoculum was prepared by grinding PRSV 
infected leaves with 0.1 M phosphate buffer (0.1 KH2PO4, 0.1 M 
Na2HPO4), pH 7.0 containing 0.5% w/v of celite®545 (Fluka, 
Switzerland ) for wounding. The ratio of leaf to buffer was 1:10 (1 
g infected leaf to 9 ml buffer). The plants were inoculated by 
rubbing the viral inoculum onto 3 leaves of the papaya plants very 
gently. After inoculation, celite®545 (Fluka) was rinsed off with 
water to prevent shading. The inoculated plants were kept in a 
screenhouse for symptom observation. After 14 days of inocula-
tion, non-infected plants were repeated and determined the CP of 
PRSV by ELISA with polyclonal antibody against PRSV-CP for 
confirmation of PRSV symptom. 
 
Detection of PRSV-CP transgene by PCR 
 
Genomic DNA was extracted by CTAB standard method (Rogers 
et al. 1996). A 20 �l PCR reaction mixture consisted of 1x PCR 
buffer, 1.5 mM MgCl2, 100 �M each dNTPs, 0.5 �M each pri-
mers; CP1 (5�-ATT GCG CAT ACC TAG GAG AGA GTG-3�), 
CP2 (5�-AAA GTG GTA TGA GGG AGT GAG GAA-3�), 1 U Tag 
DNA polymerase and 1 �l genomic DNA (~200 ng). PCR cycles 
for PRSV-CP are as follow; one cycle of 94�C for 5 min, 30 cycles 
of 94�C for 1 min, 55�C for 1 min, and 72�C for 1 min, and a final 
cycle of 72�C for 10 min. The 501 bp products size were analyzed 
by gel electrophoresis. 
 
PRSV-CP transgene analysis in transgenic papaya 
by DNA dot blot and Southern blot analysis 
 
Ten micrograms of genomic DNA were denatured in denaturation 
solution (0.125 N NaOH and 0.125X SSC) and doted on positively 
charged nylon membrane (Roche, Germany), fixed with UV 260 
nm for 3 min. The membrane was hybridized with DIG non-
radioactive PRSV-CP probe then followed the procedures as sug-
gested by the manufacturer manual (Roche). The PRSV-CP inser-
tion number was analyzed by Southern blot hybridization. Ap-
proximately 20 μg of genomic DNA was digested with EcoRI res-
triction endonuclease, and separated on 1% agarose gel with TAE 
buffer system; transferred to membrane, and then hybridized with 
DIG non-radioactive PRSV-CP probe with PCR-DIG labeling mix, 
DIG labeling probe as describe by DIG Application for Filter Hyb-
ridization (Roche). Detection procedure was similar to the DNA 
dot blot hybridization. 
 
Screening for transgenic papaya line 116/5 R4 
resistant to kanamycin 
 
Seeds were collected in bulk from transgenic papaya line 116/5 R3 
for self-pollination (and generation of R4 progenies) and non-trans-
genic papaya for control. For kanamycin selection, seedlings at the 
stage of first pair of true leaves were sprayed 3 times with 2 mg/ml 
kanamycin in 0.1% dimethy sulfoxide (DMSO) solution using a 
spray bottle (Xiang et al. 1999; Raweerotwiboon and Chunwongse 
2007). The sprayed plants were kept in glasshouse at 25°C for 
symptom observation. After 21 days the chlorotic symptoms. The 
results were compared to those obtained by the PCR amplification 
of the transgene using specific primers. 
 
RESULTS AND DISCUSSION 
 
A number of resistant transgenic papaya line 116/5 which 
shown high resistant level to PRSV in R1 generation and 
have good performance the same as parental was identified. 
Progenies were tested for PRSV resistance by mechanical 
inoculation under the screenhouse conditions. PRSV-CP 
transgene was detected by PCR, dot blot and Southern blot 
analysis. Non-transformed papaya was used as positive con-
trol for symptom observation in every inoculation. After 14 
days of inoculation, non-transformed papaya developed 
severe systemic symptoms while transgenic plants were 

resistant and did not exhibit any symptom development 
(Fig. 1). In addition, CP gene of PRSV was not detected by 
ELISA in these plants after 1 month of inoculation. Inter-
estingly, the results show that R1 progenies contained 2-4 
copies (Fig. 2) and had 20% resistance to PRSV-CM. We 
selected resistant lines that contained 2 copies of transgene 
for self-pollination to produce R2, R3 and R4 progenies. We 
found that the level of resistance in R2, R3 and R4 were 34, 
71 and 97-100%, respectively (Table 1). Plants with high 
resistant level against PRSV-CM were obtained the R4 
plants of each 116/5 transgenic lines such as R4 - 116/5-200-
17-1, R4 - 116/5-200-4-1, R4 - 116/5-200-13-4 and R4 - 
116/5-200-20-2. Progenies from these lines show 97-100% 
resistance to PRSV (Table 2). All progenies of R4 contained 
the PRSV-CP transgene (Figs 3, 4) Sixty R4 progenies ran-
domly selected showed that all of them contained 2 copies 
of transgene (Fig. 5). The differences in protection observed 

A

B

Fig. 1 PRSV-CM challenge inoculation of R4 plants of the transgenic 
papaya line 116/5 inoculated with PRSV-CM for 14 days. (A) Non-
transgenic papaya seedlings showing systemic infections after 14 days. 
(B) PRSV resistant, asymptomatic transgenic progenies after 14 days. 

Table 1 Screening for PRSV resistance in R1, R2, R3 and R4 progenies of 
the transgenic papaya line 116/5. 
Papaya 
regeneration1/ 

Progeny % PRSV resistance Copy number of 
PRSV-CP gene

p116/5 R1 150 20.66 (31/150) 2-4 
p116/5 R2 1,850 34.05 (630/1,850) 2 
p116/5 R3 2,573 70.08 (1,829/2,573) 2 
p116/5 R4 426 95.05 (405/426) 2 
Non-transformed 
papaya 

80 0 (0/80) NT 

1/ Plant of each regeneration 
NT= not tested 
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in our transgenic plants when analyzed by generation may 
be due to transgene dosage, which plays a fundamental role 
in the phenotypic manifestation of resistance in transgenic 
papaya. We expect to identify a homozygous line in the fifth 

generation that we are currently analyzing. 
In addition, the spraying of kanamycin on young trans-

genic papaya and non-transgenic papaya seedlings was 
extremely effective in differentiating transgenic and non-
transgenic seedlings. Chlorotic symptom development on 
leaves of the untransformed seedling and non-chlorotic 
symptom on leaves of the transformed plants were observed 
21 days following application (Fig. 6). All 160 of the tested 
plants were positive with the PRSV-CP gene by PCR tech-
nique (Table 3). This reaction occurred regardless of age of 
tested plants, and the method has proven to be simple, fast, 
non-destructive, relatively inexpensive, and reliable (Weide 

Fig. 2 A PRSV-CP gene insertion copy in R1 plants of the transgenic 
papaya 116/5. Genomic DNA was digested with EcoRI restriction endo-
nuclease. DNA fragments were separated on 1% agarose gel electropho-
resis, transferred to positive charged nylon membrane and hybridized with 
DIG-PRSV-CP probe (Roche, Germany). 

1     2    3    4    5    6     7     8      9   10    11  12   13  14    15   16   17  18   19   20   21  22  23   24  25  
26   27   28 

Fig. 3 PRSV-CP PCR product in 116/5 R4 transgenic papaya was ana-
lyzed by gel electrophoresis. A 501 bp DNA fragment was observed in all 
lines. M=DNA Molecular weight marker, P = plasmid p2CMCP, W = 
water, N = non-transformed papaya, 1-13 = transgenic papaya. 

500
750

M       P      W     N      1       2       3       4       5   6       7       8       9      10     11    
12     13

501 bp

N 

Fig. 4 DNA dot blot hybridization for PRSV-CP specific transgene in 
transgenic papaya line 116/5 R4 progenies. Genomic DNA was immobi-
lized on positively charged nylon membrane and hybridized with DIG 
PRSV-CP specific probe. N = non-transformed papaya, � = PRSV-CP 
positive transgenic lines. 

A 

B 
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Fig. 5 A PRSV-CP insertion copy in R4 plants of the transgenic papaya 
line 116/5. Genomic DNA was digested with EcoRI restriction endonuc-
lease. DNA fragments were separated on 1% agarose gel electrophoresis 
(A) and transferred to positively charged nylon membrane and hybridized 
with DIG PRSV-CP probe (B). N = non-transformed papaya. 

A 

B 

Fig. 6 Seedlings at the stage of their first of true leaves were sprayed 3 
times with 2 mg/ml kanamycin in 0.1% DMSO solution using a spray 
bottle. Comparison between transgenic papaya line 116/5 R4 (A) and non-
transformed papaya (B) after 21 days post spraying. 

Table 2 PRSV-CM resistant, PRSV-CP gene and copy number of 
transgene of R4 plants of the transgenic papaya line 116/5. 
Papaya line1/ % PRSV2/ 

resistance 
PRSV-CP 
gene3/ 

Copy number of 
PRSV-CP gene

R4 -116/5(200-17-1) 100a  +40/40 2 

R4 -116/5(200-4-1) 100a  +40/40 2 
R4 -116/5(200-13-4) 97.90a  +40/40 2 
R4 -116/5(200-20-2) 100a  +40/40 2 
Non-transformed papayas 0b NT NT 

1/ R4 plants of each 116/5 transgenic lines 
2/Mean followed by a common letter are significantly different at the 5% level by Duncan’s Multiple 
Range Test 
3/Plants tested by PCR for presence of PRSV-CP gene  
NT= not tested 
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et al. 1989; Xiang et al. 1999; Ilardi and Barba 2001; Hadi 
et al. 2002; Freitas-Astua et al. 2003; Raweerotwiboon and 
Chunwongse 2007). 

Although the selection of stable resistant transgenic 
lines require labor and time, the procedure is necessary to 
obtain lines with desirable traits. Various research groups 
are also attempting the development of transgenic lines 
using these conventional procedures (Chen et al. 2001; 
Davis and Ying 2004; Tennant et al. 2001). Prior to com-
mercialization of virus resistant transgenic plants, it is 
necessary to know as much as possible about the gene that 
has been incorporated into the plant. Additional information 
will serve to expand our information about the properties of 
newly generated transgenic plants. This information is of 
special interest to breeders and researchers assessing the 
risks associated with introducing transgenic plants into agri-
culture (Kaniewski and Thomas 1999). 

For future plan, these transgenic lines must be tested in 
the restricted field plot in different locations of Thailand to 
evaluate their performance against infection from different 
PRSV isolates. And also next generations of Rn will be 
generated for homozygous genotype that processes stable 
agronomical characteristics and PRSV traits. 
 
FUTURE PLANS 
 
We will continue with the selection and the development of 
homozygous stable lines. Biosafety assessments under 
screenhouse condition are ongoing. These preliminary 
results envisage the potential benefits to the farmers for 
papaya production and future papaya breeding program 
must incorporate for sustainable papaya production in Thai-
land. 
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Table 3 Screening for transgenic papaya line 116/5 R4 resistance to kana-
mycin. 
Papaya lines1/ No. of 

progeny 
% Kanamycin 
resistance2/ 

% of PRSV 
resistance3/ 

PRSV-CP 
gene4/ 

R4 (200-17-1) 40 100a 100a +40/40 
R4 (200-4-4) 40 100a 100a +40/40 
R4 (200-4-1) 40 100a 100a +40/40 
R4 (200-20-2) 40 100a 100a +40/40 
Non-transgenic 
papaya 

80 0b 0b NT 

1/ R4 plants of each 116/5 transgenic lines 
 2/,3/Mean followed by a common letter are significantly different at the 5% level by Duncan’s Multiple 
Range Test 
 4/Plants tested by PCR for presence of PRSV-CP gene  
NT= not tested 
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