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Fig.7.1.   3% agarose gel analysis of PCR-amplified products of the variable regions of flagellin genes

of B. pseudomallei and B. thailandensis from soil suspension. The upper gel: PCR-amplified

products of B. pseudomallei, NF10/38, NF47/38, E38(L58), E271 inoculated in soils 1, 2, and 3 in

lanes 1, 2, and 3 respectively.  Lane M is a 100 bp ladder DNA marker. Lanes B1, B2, B3, and B4 are

PCR of cultured broth of NF10/38, NF47/38, E38(L58), and E271 respectively (positive controls). The
lower gel: PCR-amplified products of B. thailandensis, E257 and E276 inoculated in soils 1, 2, and 3 in

lanes 1, 2, and 3 respectively. Lane M is a 100 bp ladder
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Fig.7.2.   3% agarose gel analysis of PCR-amplification of variable regions of flagellin genes

of  B. pseudomallei and  B. thailandesis from soil suspensions by addition of BSA in PCR reaction.

The upper gel: PCR-amplified products of B. pseudomallei, NF10/38, NF47/38, E38(L58), E271

inoculated in soils 1, 2, and 3 in lanes 1, 2, and 3 respectively. Lane M is a 100 bp ladder DNA marker.

Lanes B1, B2, B3, and B4 are PCR of cultured broth of NF10/38, NF47/38, E38(L58), and E271

respectively (positive controls). The lower gel: PCR-amplified products of B. thailandensis, E257 and

E276 inoculated in soils 1, 2, and 3 in lanes 1, 2, and 3 respectively. Lane M is a 100 bp ladder DNA

marker. Lanes B5, and B6 are PCR of cultured broth of 257 and E276 (positive controls). Lane N is a

negative control of PCR run.
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M  1  2  3 4  5             6  7  8  9  10 11 12

With BSA    Without BSA

Fig. 8.   3% agarose gel analysis of PCR-amplification of variable regions of flagellin genes

of B. thailandesis (upper) and B. pseudomallei (lower) from soil suspensions by with BSA in lanes 1,

2, 3, 4, 5 using 0.5 M primers and 107, 106 , 105 , 104 , 103 , respectively. ; and without BSA in lanes

8, 9, 10, 11, 12. using 0.5 M primers and 107, 106 , 105 , 104 , 103  respectively. Lane M is a 100 bp

ladder DNA marker. Lanes 6, and 7 are PCR of cultured broth of Ara+ and Ara- (positive controls).

Lane N is a negative control of PCR run.

                       M   1  2  3  4  5  6   Ara+ Ara- 8 9 10 11 12 13 M

    B. thailandesis          B. pseudomallei

Fig. 9. Sensitivity detection of B. thailandesis and B. pseudomallei from soil suspensions by without

BSA in lanes 1 and 8, 2 and 9, 3 and 10, 4 and 11, 5 and 12 and 6 and 13 using 0.5 M primers and

bacterial cells of 101, 102 , 103 , 104 , 105 and 106 respectively. Lane M is a 100 bp ladder DNA marker.

Lanes Ara+, and Ara- are PCR of cultured broth of Ara+ and Ara- (positive controls).

B. thailandesis

B. pseudomallei
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Fig.10. Color of soils; soils collected from rice field in Hoi Kha Yung, Ubon Ratchatani (soil 1), rice 

field in Varinchamrab, Ubon Ratchatani (soil 2) and Song Khla University, Song Khla (soil 3).
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Abstract
Promoter-active fragments of Synechococcus PCC7942 were isolated by

transcriptional gene fusion to the promoterless �-glucuronidase (GUS) gene of E.
coli, which was used as a reporter gene. One of the isolated strong promoter-active

fragments, designated E10, was regulated by light intensity and not functioned in E.
coli. Nucleotide sequence at 3’end of the E10 fragment harbored the 3’ end of the

htpG heat shock protein gene. Deletion analysis revealed that the light-intensity-

responsive promoter was located at the 3’end and downstream of the htpG gene. In

order to identify the gene regulated by the light-intensity-responsive promoter, the

downstream sequence of htpG gene was isolated using genomic walking method.

Nucleotide sequence analysis revealed two possible ORF at downstream of the htpG
gene: one encoding 76 amino acids (ORF76) and located at the same orientation as

htpG gene, the other encoding 315 amino acids of the C-terminal of a protein and

located at the opposite orientation. No significant similarity to the ORF76 and the 315

deduced amino acid sequence was detected in the database. The ORF76 transcript was

detected using RT-PCR method. Thus, the ORF76 was expressed in Synechococcus.
The RT-PCR of ORF76 under high light intensity was two to three folds higher than

that under low light intensity. These results agreed well with that of E10-GUS
transcript. Thus, the ORF76 was under the control of E10 promoter-active fragment.

Differentiation of the 5’ end of ORF76 transcripts of wild type Synechococcus
revealed the true and processed sites designated +1T and +1P, respectively. The +1P

site is identical to the transcription initiation site of the E10-GUS transcripts

determined by the 5’RACE-PCR method. The stem-loop structure at nt.-9 to +63,

which included the +1T and +1P sites of ORF76 transcripts, was probably an signal

for processing of the 5’UTR of ORF76. Downstream sequence of this stem-loop did

not affect the processing of the 5’UTR of ORF76, since the transcription initiation site

of E10-GUS detected using 5’RACE-PCR method was identical to the +1P site of

ORF76. Synechococcus strain totally lacking chromosome copies of ORF76 was

constructed. The ORF76 was not essential to cell viability but lacking ORF76 might

affect cell growth at high temperature. The phenotypes of the ORF76 mutant strain

are under investigation.

Key words: cyanobacteria, Synechococcus PCC7942, �-glucuronidase, light-

intensity-responsive gene.
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Introduction
Cyanobacteria (blue green algae) are photosynthetic and easily proliferate in

tropical aquatic habitats. Cyanobacteria have become hosts of interest for expression

of the high value proteins, since its ability to grow in a minimal media with light

offers a possibility of low cost production. Cyanobacteria have been used as hosts to

express several heterologous genes. For example, attempts have been made to express

the mosquitocidal protein genes of Bacillus sphaericus and Bacillus thuringiensis
subsp. israelensis in order to provide an alternative biological insecticide for control

of mosquito populations [1, 2, 3]. They have also been used in the expression of

salmon growth hormone gene in order to produce a feed additive for fish [4], or the

expression of ethylene-forming enzyme in order to exploit atmospheric CO2 as a

substrate [5]. However, the level of heterologous gene expression in cyanobacteria is

low when compared with that in E. coli. A possible way to improve the gene

expression is to use an endogenous strong promoter. However, current knowledge of

the structure and function of promoters recognized within cyanobacteria is still

limited. Although cyanobacteria are classified as eubacteria [6], their RNA

polymerase holoenzyme is unique in that it contains a subunit �, in addition to the �
2��’� structure common to the RNA polymerase of other eubacteria [7]. The genetics

of cyanobacteria is highly heterogeneous, the GC content of their DNA ranges from

35% to 71% which is as varied as the whole kingdom of bacteria [8]. Our study

showed that some strong promoters in E.coli may become weak promoters in

cyanobacteria [9]. Cyanobacterial promoters may be different from E.coli promoters

[10].

In order to isolate cyanobacterial promoters for structure and functional

studies, the unicellular Synechococcus PCC7942 (previously referred to as Anacystis
nidulans R2, Pasteur Culture Collection no. 7942) was used, because it is both

physiologically and genetically well characterized and highly transformable [11]. We

isolated several Synechococcus PCC7942 strong promoters [10]. Promoter-active

fragments of Synechococcus PCC7942 were isolated by transcriptional gene fusion to

the promoterless �-glucuronidase (GUS) gene of E. coli, which was used as a reporter

gene. Several of the isolated promoter-active fragments expressed GUS activity in

Synechococcus comparable with that of the �PR promoter. Only 10% of the isolated

promoter-active fragments also functioned in E. coli.
One of the isolated strong promoter-active fragments, designated E10, was

regulated by light intensity [10]. However, the gene regulated by the light-intensity-

responsive promoter, E10, was unknown. Thus, cloning and characterization of DNA

downstream of the E10 promoter will elucidate the gene that is regulated by light

intensity. In this study, the downstream sequence of the E10 fragment was isolated

and characterized. The true and processed transcription initiation sites of the ORF76
transcripts, possibly regulated by the E10 promoter, were differentiated. The ORF76
inactivated strain was constructed. The phynotypes of the ORF76 inactivated strain is

under investigation.
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Materials and Methods

Isolation of DNA sequence downstream of the E10 promoter-active fragment.
Isolation of DNA sequence downstream of the E10 was carried out following

the manufacture’s manual (Universal Genomic Walker kit, CloneTech, USA). In

brief, chromosomal DNA of Synechococcus PCC7942 R2Spc isolated as previously

described [12] was digested with PvuII restriction enzyme. The purified PvuII

digested DNA was ligated to Genomic Walker Adaptor (provided with the kit). The

adaptor ligated DNA was used as template for PCR carried out using Advantage

Genomic PCR kit (CloneTech, USA) with the Adapter Primer 1 (AP1, provided with

the kit) and primer Dwn-htpG1:

 5’-AGGGGCTTGGGCTGAGAGCGATTGC-3’ (located at 3’end of the htpG
gene, based on sequence accession number AB010001) at 94�C for 1 min, followed

by 35 cycles of 94�C for 30 sec, 68�C for 3 min and terminate after the last cycle at

68�C for an additional 12 min. The PCR products were electrophoresed in 1% agarose

gel. The PCR product of expected size was excised from the gel, purified and cloned

into pGEMT-easy vector (Promega).

Nucleotide sequence analysis
DNA sequences of PCR products cloned in pGEMT-easy were determined by

automated sequence analyzer (Perkin Elmer, ABI, Model 377). Sequence comparison

and analysis were carried out with the Wisconsin Package Version 9.1 software,

Genetic Computer Group (GCG, Madison, WI, USA) and the BLAST program [13]

with the GenBank database and the genome database for Synechocystis PCC6803

[14].

Detection of ORF76 and GUS mRNAs using relative reverse transcription (RT)-PCR
The cDNA of ORF76 or GUS transcripts were co-synthesized with cDNA of

16S rRNA transcripts from 5 �g of DNAse I- treated RNA with primers ORF76-rev

or GUS1, 16S-rev2 and SuperScript II RNAse H-free
 
Reverse Transcriptase (Life

Technologies). Two microliters of the reverse transcription reaction mixture were

then used as a template for PCR. The PCR products of ORF76 and GUS cDNA were

obtained by co-amplification with 16S cDNA, at 94�C for 1 min, 57�C for 30 s and

72�C for 1 min. The PCR of ORF76 and GUS were amplified for 25 cycles, whereas

that of 16S was for 10 cycles. Primers ORF76-fwd and ORF76-rev, or GUS-fwd and

GUS1 were added at cycle 1, whereas primers 16S-fwd and 16S-rev2 were added at

cycle 16. After PCR amplification, the reaction mixture was resolved in a 2% agarose

gel containing ethidium bromide. An image of the gel was captured with UVP (Life

Sciences, UK).

Analysis of ORF76 transcription initiation sites
The procedure used to differentiate genuine initiated transcripts from

processed transcripts was carried out essentially as described [15]. In brief (see

Figure. 6A), 10 �g total RNA from Synechococcus wild type was treated with 30

units of tobacco acid pyrophosphatase (TAP) (Epicenter Technologies, USA) or

incubated without TAP in the presence of 80 units of RNasin (Promega) for 90 min at

37�C, extracted with phenol/chloroform, then precipitated with 0.1 volume of 3 M
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NaOAc, pH 5.2 and 2.5 volumes of EtOH. Pellets were rinsed with 70% EtOH in

DEPC treated dH2O and then resuspended in 58 �l of DEPC.dH2O and combined

with 10 �l of 10X buffer, 4 �l (160 units) of RNasin, 10 �l of dimethyl sulfoxide, 12

�l (240 units) of RNA ligase, and 6 �l (150 ng) of the 35-mer RNA oligonucleotide.

Samples were incubated for 60 min at 37�C and then extracted with

phenol/chloroform. The treated RNA was annealed with primer ORF76-rev1 and the

cDNA was synthesized with SuperScript II RNAse H-free
 
Reverse Transcriptase (Life

Technologies). First PCR was carried out with primers ORF76-rev6 and ESK for 35

cycles at 94�C for 1 min, 55�C for 30 s and 72�C for 1 min. One microliter of a 20-

fold dilution of the first PCR product was then subjected to nested PCR. The

conditions of nested PCR were identical to those for first PCR except that the primer

ORF76-rev5 were used in place of primer ORF76-rev6. The nested PCR products

were then cloned into pGEMT-easy vector (Promega). DNA sequences of PCR

products were determined by automated sequence analysis (Perkin Elmer, ABI,

Model 377).

The mRNA secondary structure prediction
The secondary structures of upstream and downstream regions of ORF76 were

analyzed using the computer program mfold version 3.1 [16, 17].

Inactivation of ORF76 in Synechococcus PCC7942
The procedure used to inactivate ORF76 in Synechococcus was carried out

essentially as described in Figure 4. The PCR product of ORF76 amplified with

primers E10fok and ORF-rev3 was cloned into plasmid pGEMT-easy, resulted in

pGEMT-ORF76. In order to inactivate the ORF76 of pGEMT-ORF76, the 2 kb SmaI

fragment harboring the Sm
R
/Spc

R
 gene of pHP45� [18] was cloned into the fill-in

AvaI site of ORF76. The resulting plasmid pGEMT-ORF76� was linearized with

ScaI and transformed into Synechococcus. By homologous recombination, the ORF76

on some copies of Synechococcus chromosomes was replaced by the Sm
R
/Spc

R 
gene.

The transformants were segregated to obtain the homologous mutant strain.

Results and Disussion

The E10 promoter-active fragment
It has been shown that the E10 promoter-active fragment was regulated by

light intensity and not functioned in E. coli. GUS activities of E10 in Synechococcus
PCC7942 grown at 1,500 and 5,000 Lux were 65 (	7) and 298 (	30) nmol/min/mg

protein, respectively [10]. Nucleotide sequence at 3’end of the E10 fragment

immediately upstream of the promoterless-GUS gene showed that it harbored the 3’

end of the htpG heat shock protein gene of Synechococcus PCC7942 (see Figure 1).

Deletion analysis revealed that the light-intensity- responsive promoter was located at

the 3’end and downstream of the htpG gene[Chungjatupornchai, et al, unpublished

data]. Thus it was expected that the gene regulated by the light-intensity-responsive

promoter may locate at downstream of the htpG gene.
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The two open reading frames downstream of the htpG gene
The downstream sequence of E10 fragment was isolated using the genomic

walking method. PCR product of genomic walking library harboring the downstream

sequence of E10 was cloned into the pGEMT-easy for further nucleotide sequence

identification (Figure 2).

Nucleotide sequence analysis revealed that there were two possible open

reading frames (ORF) at downstream of the htpG gene (Figure 3). One ORF encoding

76 amino acids (designated ORF76) was located at the same orientation as htpG gene,

whereas, the other encoding 315 amino acids of the C-terminal of a protein was

located at the opposite orientation. Therefore, it is possible that the ORF76 is

regulated by the light-intensity- responsive promoter. No significant similarity to the

ORF76 and the 315 deduced amino acid sequence was detected in the database. Thus,

they are probably hypothetical proteins. However, sequence analysis of the 315

deduced amino acids revealed that it contained the PAS, GGDEF and DUF1

conserved domains (Figure 3 and 4). The PAS domains (accession no. smart00091)

appearing in eubacteria and eukaryotes are important signaling modules that monitor

changes in light, redox potential, oxygen, small ligands and overall energy level of a

cell. The GGDEF domain (accesssion no. PF00990) is found linked to a wide range of

non homologous domains that containing bacterial signaling domains. The function of

GGDEF domain is unknown. However, it may be a phosphoesterase based on the

pattern of conserved Asp and His residues. The DUF1 domain (accession no.

smart00091) is apparently occurred exclusively in bacteria. Its function is unknown. It

is likely to participate in prokaryotic signaling process.

The expression of ORF76 in Synechococcus PCC7942
In order to investigate whether the ORF76 is expressed and regulated by the

light-intensity responsive promoter, relative RT-PCR method was used to detect the

ORF76 transcript (Figure 5). Result showed that transcript of ORF76 was detected.

Thus, the ORF76 is expressed in Synechococcus. The RT-PCR of ORF76 under high

light intensity was two to three folds higher than that under low light intensity. These

results agree well with that of E10-GUS transcript. Thus, the ORF76 may be under the

control of E10 promoter-active fragment.

Differentiation of true from processed transcription initiation sites of ORF76 trnascripts
The transcription initiation site of the E10-GUS transcripts determined by the

5’RACE-PCR method was shown in Figure. 1. Chromosomal DNA sequence analysis

revealed that downstream of E10 promoter-active fragment contained the ORF76

(Figure 3). To differentiate the true from processed transcription initiation sites of

ORF76 transcripts, we performed the experiments as described in Figure 6A.

Treatment of total RNA with TAP converts all 5’ triphosphates to monophosphate and

comparison of the effect of TAP treatment to untreated samples should reveal

transcripts that had 5’ triphosphates. Figure 6B shows the PCR products generated by

amplification of GUS cDNAs synthesized from TAP treatment and untreated total

RNA of wild type Synechococcus. A distinct band of 200 bp was obtained in TAP-

treated samples that was not detected in untreated samples (Figure 6B), indicating the

presence of true transcripts. The band of 170 bp that appeared in both TAP-treated

and untreated samples (Figure 6B), indicates the presence of processed transcripts.

The two PCR products from TAP-treated sample were cloned and the DNA sequences
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were determined. Sequencing analysis of independent clones harboring the 200-bp

PCR product revealed that the true transcription initiation site (designated +1T) was

located in E10 fragment upstream of ORF76 (Figure 1 and 7), whereas the

independent clones harboring the 170-bp PCR product revealed that the processed

transcription initiation site (designated +1P) was located downstream of the +1T site.

The +1P site is identical to the transcription initiation site of the E10-GUS transcripts

determined by the 5’RACE-PCR method.

Processing of 5’ untranslated region (UTR) of ORF76 transcripts is probably
signalled by stem-loop structure

The predicted secondary structure of upstream region of ORF76 revealed three

stem-loop structures at nt -81 to –60, nt.-48 to –18 and nt.-9 to +63 with the predicted


G value of -7.3, -10.3 and –28.7 kcal/ mol, respectively (Figure 7). The stem-loop at

nt.-48 to –18, which included the stop codon of htpG gene, was probably the

transcription terminator of the htpG gene. The stem-loop at nt.-9 to +63, which

included the true and processed transcription initiation sites of ORF76 transcripts, was

probably an signal for processing of the 5’UTR of ORF76. Downstream sequence of

this stem-loop (nt.-9 to +63) did not affect the processing of the 5’UTR of ORF76,

since the transcription initiation site of E10-GUS detected using 5’RACE-PCR

method was identical to the processed site of ORF76. The stem-loop at nt.+295 and

+332 located immediately after the stop codon of ORF76 gene was probably the

transcription terminator (Figure 7).

The essence of ORF76 in Synechococcus PCC7942
To construct Synechococcus stain totally lacking chromosome copies of

ORF76, the Sm
R
/Spc

R
 gene was used to inactivate ORF76 (Figure 8). The resulting

mutant strains were confirmed using PCR. Figure 9 shows the PCR products

generated by amplification of chromosomal DNA with primers E10fok and ORF-

rev3. The PCR products with the expected size of 550 bp and 2.55 kb were detected in

wild type and mutant strains, respectively. The result indicates that mutant strains

totally lack chromosome copy of ORF76. Southern blot analysis of the PCR products

and chromosomal DNA also conformed that mutant strains totally lack chromosome

copy of ORF76 (see Figure 9). Thus, ORF76 is not essential to cell viability.

Preliminary results indicated that lacking ORF76 might effect cell growth at high

temperature. The phenotypes of the ORF76 mutant strain are under investigation.
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Figure 1.  Nucleotide sequence of the E10  promoter-active fragment.

  The nucleotide sequence shown is the 3’end of the 1.75 kb E10 fragment immediately

upstream of the promoter-less GUS gene. The 3’end of htpG heat shock protein gene (233 nucleotides)

are in bold. The stop codons of htpG are marked by double lines. The true and processed transcription

initiation sites of ORF76 are indicated by +1 T and +1 P, respectively (see Fig. 8A). The +1 P site is

identical to the major transcription initiation site of E10-GUS determined using 5’RACE_PCR method.

The putative LysR transcription activator binding site (CCTT-N11-AAGG) and photoregulated motif

(GG-N5-AAC) are indicated by double dash line and dash line, respectively. The italic sequence of 34

bp between the Sau3A1 sites is an artifact from cloning.

Figure 2.  PCR products of downstream sequence of E10 fragment   
    1% agarose gel stained with ethidium bromide. Lanes 1, 100 bp marker; 2, PCR products of

PvuII genomic walking library using primer Dwn-htpG1 and Adapter Primer 1.

1 2

1000

1500

500
600

bp

~1.1 kb

~ 600 bp

       1  CCCAGTCAGT AGTCAGAGAG CAATACCGTT AAACCCTGCC CACGCGGGGT

      51  TTTTTTATGG GCGATCGCAG ACGCGTCCGT AAGATGAAGG GGTGATGTTG

     101  GCCATCGCCT CAATGCTGAT CCGGCTAATA TACCCGATGA CCATGTCCTG

     151  CTCGTGAATA CCGCGCATCC TCTTGTCCAG AACATCCTTA GTCTGCAGCA

     201  GGGGGCTATC CTCAGCAGTG ATGGACACTC TCCAAGCCAG GTCCTGGCAG

     251  AGCAGCTCTG TCGACACATC TATGACTTGG CCTTGATGAC CCAAAAAGGG

     301  TTTGATGCTG AGGGAATGAA AGCCTTCATT GAGCGTTCTA ATGCGGTCTT

     351  GACGGCGTTG ACGACTCGCC AGTGAAGGGT TTAGGGGAAC TCTAAACTTC

     401  ACAGAACGTC ATCCTAGCTA TCTCGCCCTC AGACGTGAGC CTCGCTAAGC

     451  TGAGGGCGAC GATCGCAGCG GAAAAATGTG ACCGGGGCGG CGCAGATC

E10

Sau3A1

Sau3A1

Sau3A1

Sau3A1

SalI

+1 P

+1 T

�

�
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Figure 3.  Downstream sequence of E10 promoter-active fragment.

A). Nucleotide sequences at downstream of  the E10 fragment harbor the 3’ end of htpG gene, an

ORF of 76 amino acids (designated ORF76) and a partial ORF, B). The deduced amino acids of

ORF76. The putative phosphorylation sites of protein kinase C are indicated by asterisks,  C). The

315 deduced amino acids of the partial ORF. The sequence belongs to C-terminal of a hypothetical

protein, D). Schematic representation of downstream  sequence of E10 promoter-active fragment.

The PAS and GGDEF/DUF1 domains are indicated. The figure is not drawn to scale.
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Figure 4. Amino acid alignment of the sequence III.

The 315 deduced amino acids of sequence III downstream of the E10 promoter-active

fragment (see Figure 3) was highly homologous to conserved domains PAS, GGDEF and DUF1. A).

The PAS conserved domain with length of 67 residues (accession no. smart00091). There are 34%

identity and 52% positive. B). The GGDEF conserved domain with length of  168 residues (accession

no. PF00990). There are 43% identity and 63.1% positive. C). The DUF1 conserved domain with

length of 172 residues (accession no. smart00267). There are 38% identity and 62.3% positive.

Figure 5. Comparison of the ORF76 and E10-GUS transcriptional levels using relative RT-PCR.

   Negative image of 2% agarose gel containing ethidium bromide. Synechococcus was grown

under low light intensity (LL, 1,500 lux) or  high light intensity (HL, 5,000 lux). The cDNA of ORF76,

GUS and 16S were synthesized and used as templates in the PCR reactions.The ORF76 and GUS
cDNA were amplified  for 25 cycles, whereas cDNA of 16S rRNA, used as internal control, was

amplified for 10 cycles.

PCC7942: 16 QRLRAALDQVSSHIYMKDLQFRYIYANRSALDFVDRSLEEILGKDDFFFFSEEAAKLLQA 75
            +RLRA L+ +   +++ DL  R +YAN +A + +  S EE++GK        E  + LQ
    PAS:  1 ERLRAILESLPDGVFVLDLDGRILYANPAAEELLGYSPEELIGKSLLELIHPEDREELQE 60

PCC7942: 76 IDSRVFQ 82
               R+
    PAS: 61 RLQRLLS 67

A.

PCC7942: 143 ATTDALTGILNRRQFITLAQAELNRIYRIQRDTSLSLVIIDIDHFKTINDSYGHTVGDQV 202
             A  D LTG+ NRR F    + EL R  R Q  + L+L+++D+D+FK IND+YGH VGD+V
  GGDEF:   8 AAHDPLTGLPNRRYFEEELEQELQRARRQQ--SPLALLLLDLDNFKRINDTYGHAVGDEV  65

PCC7942: 203 LILWTNICQQNIREVDIFARLGGDEFVLMLPETNGKQAYQVMDRIRQLVIQQSLHLPQQA 262
             L         ++R  D+ ARLGGDEF ++LP+T+ + A ++ +RIR+L+    +
  GGDEF:  66 LQEVAQRLSSSLRRSDLVARLGGDEFAILLPDTSLEGAQELAERIRRLLAALKIPHTLSG 125

PCC7942: 263 IA--ITISVGIAVWTPEI-LTLDQFLERADRALYQAKQQGRDR 302
             +   +TIS+GIA + P      +  L+RAD+ALYQAK QGR+R
  GGDEF: 126 LPLYVTISIGIAAYPPNDGEDPEDLLKRADQALYQAKNQGRNR 168

B.

PCC7942: 143 ATTDALTGILNRRQFITLAQAELNRIYRIQRDTSLSLVIIDIDHFKTINDSYGHTVGDQV 202
             A  D LTG+ NRR F    + EL R    ++ +  +L++ID+D+FK IND+YGH VGD++
   DUF1:  12 AFRDPLTGLPNRRLFEEELEQELQR--AQRQGSPFALLLIDLDNFKQINDTYGHAVGDEL 69

PCC7942: 203 LILWTNICQQNIREVDIFARLGGDEFVLMLPETNGKQAYQVMDRIRQLVIQQSLHLPQQA 262
             L          +R  D+ ARLGGDEF ++LPET+ ++A  + +RI Q  +++ + +
   DUF1:  70 LQEVAQRLSSCLRPGDLVARLGGDEFAILLPETSLEEAIALAERILQ-QLREPIIIHGIP 128

PCC7942: 263 IAITISVGIAVWTPEILTLDQFLERADRALYQAKQQGRDRIIL 305
             + +TIS+G+A W       +  L+ AD ALYQAK+ GR+++ +
   DUF1: 129 LYLTISIGVAAYPNPGEDAEDLLKLADTALYQAKKAGRNQVAV 171

C.
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Figure 6. Analysis of the 5’ end of ORF76 transcripts.

  A). Flowchart of the procedure used to differentiate true from processed transcripts of

ORF76. Duplicate samples of total RNA were untreated or treated with TAP to convert  5’

triphosphates to monophosphates. The 35-mer RNA oligos was ligated  to 5’ monophosphate end. The

cDNA was synthesized using primer ORF76-rev1 and amplified using primers ESK and ORF76-rev6.

Nested PCR was performed with primers ESK and ORF76-rev5. PCR products were separated by

agarose gel electrophoresis (see Fig. 6B). The PCR product appearing in TAP-treated sample but not in

untreated sample would have had 5’ triphosphates which indicates that the 35-mer RNA oligos

tagged the true initiated transcripts.

  B). Negative image of 3% agarose gel containing ethidium bromide. PCR products generated

from ORF76  cDNA.  Lane M, DNA size marker. Nested PCR of cDNA derived TAP-treated and

untreated RNA are indicated. The PCR products of size around 200 and 170 bp result from true

initiated and processed transcripts, respectively.
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Figure 7. Predicted secondary structure of upstream and downstream regions of ORF76 gene.

   The  upstream and downstream sequences of ORF76 gene are written in the RNA form

and their secondary structures are predicted. The delta G value are indicated. Positions of the true and

processed transcription initiation sites are indicated by +1 T and +1 P, respectively. The nucleotides

are indicated with respect to the +1 T site of ORF76.
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Figure 9.  Southern blot analysis of ORF76 inactivated strains

    A). 1% Agarose gel containing ethidium bromide.

    B). Southern blot. Lanes m1, and m2 are DNA size markers, lambda DNA cut with PstI

and 100 bp ladder, respectively. The PCR products were amplified with primers E10fok and ORF-

rev3. -ve is negative control of PCR without DNA templates.Wt is of wild type Synechococcus
PCC7942. Mu1 and Mu2 are of ORF76 mutant strains.
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Running title : PRSV coat protein gene transformation of Thai papaya

Abstract
The binary vector containing the cassette of the coat protein gene of papaya

ringspot virus, the kanamycin resistance gene and the �-glucuronidase gene was

constructed.  This plasmid was used to transform the embryogenic calli and the somatic

embryos of Thai papaya cultivar Khakdum by particle gun bombardment.  After

bombardment transgenic calli were selected on the media containing 100 mg/l

kanamycin.  Seven transgenic calli were obtained from 1200 clumps of somatic embryos

bombarded with M10 tungsten particles (0.58%) and four transgenic calli from 780

clumps of somatic embryos (0.51%) were obtained from somatic embryos.  PCR analysis

of these transgenic plants showed that all contained CP gene as intact and truncated DNA

fragment.  Southern blot analysis revealed that several of transgenic lines contain more

than one copy of CP gene inserts. Five transgenic lines showed resistance to PRSV

infection.  Detection of the transcriptional products of CP gene in these transgenic plants

by RT-PCR technique showed that four resistance lines (G2, G3, G5 and T3) produced

very low amount of CP gene transcription and no product was detected in PRSV resistant

transgenic line T6. The CP protein product detection in these transgenic lines by western

blot analysis showed the CP protein products detection only in transgenic line G1 and T2

which are not resistant to PRSV.  The inheritance of the PRSV resistance to the progeny

was analyzed in transgenic line G2 (R0).  The resistance was transferred to the R1, R2

and R3 generation of transgenic line G2.

Keywords: papaya, papaya ringspot virus, coat protein, transgenic papaya

Introduction
Papaya (Carica papaya L.) is a fruit crop grown in tropical and subtropical

countries.  In Thailand, papaya is one of the staple food.  The green fruits are used as

salad and the ripened fruits are consumed as fresh dessert.  Papaya trees are

commercially grown in plantations and on a small scale in home gardens.  Since 1975,

the papaya production in Thailand has been limited by papaya ringspot virus (PRSV).

The major cultivars of papaya grown in Thailand, Khak Dum and Khak Nuan are very
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susceptible for this virus. This virus causes seriously damage to papaya plantation.  The

infected area increases each year and it is now endemic throughout Thailand.

PRSV is a positive single stranded RNA virus in the potyvirus group (Purcifull et
al. 1984) with the virions being flexuous, filamentous particles of 780x12 nm. PRSV is

classified into two types according to the host range, type P, which infects papaya and

some cucurbits and type W, which infects only cucurbits.  These two types are not

distinguishable by serological methods.  PRSV type P can infect papaya at any growth

stage and the infected papaya plants show a range of symptoms including yellowing and

vein-clearing of younger leaves, mottling, leaves becoming severely distorted and

narrow, ringed spots on the fruit as well as dark green streaks on the petioles and stems.

Infected papaya plants exhibit significant stunting of growth as well as a reduction in

both quality and quantity of fruit production.  Several techniques have been applied to

control the disease in the past including mild strain cross protection and conventional

breeding programs, however, none of these techniques proved to be successful to date.

Coat protein mediated resistance (CPMR) has been successfully used to produce

transgenic plants resistant to viruses (Baulcombe 1996, Beachy 1997).  Transgenic

papaya obtained by Agrobacterium and microprojectile bombardment had been reported

(Fitch et al, 1990; Fitch et al, 1992, Yang et al, 1996, Cheng et al, 1996).  In these

experiments the transgenic Hawaiian papaya cultivar "Sunset" containing the coat protein

gene of PRSV mild strain isolated from Hawaii (HA 5-1) were generated.  This

transgenic plant showed resistance to the severe strain of PRSV isolated from Hawaii but

not to PRSV isolated from Thailand and other countries (Tennant et al. 1994). This result

suggested that the resistance to the PRSV is strain specific and it must therefore be

targeted to strains from the same geographical region. In our work, we constructed the

binary vector containing the coat protein (CP) gene of PSRV Thai isolate (Ratchaburi)

and transformed into Thai papaya cultivar Khak Dum using microprojectile

bombardment.  Eleven transgenic papaya lines containing the CP gene of PRSV Thai

isolates had been generated in our laboratory.  The resistance of transgenic papaya plants

to papaya ringspot virus Thai isolate have been analysed..

Materials and Methods

Plasmid
The binary vector pSA1006 is based on pGV941 (Deblaere et al., 1987) and

contains the nos promoter- nptII gene-3'nos as a selectable marker and the CaMV35S

promoter-uidA gene-3'nos  from pBI 121 (Jefferson, 1987) as a reporter gene.

Plant material and culture.
Immature zygotic embryos were dissected from seeds of immature fruits of

papaya var. Khakdum.  Zygotic embryos were cultured on the induction medium (M1

medium) which consisted of: half strength MS salts medium (Murashige and Skoog's,

1962) plus 50 mg/l myo-inositol, full strength MS vitamins, 400 mg/l glutamine, 10 mg/l

2,4-D, 6% sucrose, 8 g/l Difco Bactoagar, pH 5.8.  After the zygotic embryos were
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maintained in the dark at 26oC for 3-4 weeks, the embryogenic calli which produced one

or more somatic embryos on the apex were developed.  These embryogenic calli were

used in this transformation experiment.  The second type of papaya culture used in this

experiment is the somatic embryos.  A small clump of somatic embryos was developed

on the embryogenic callus when the callus was maintained in the induction medium for

two to three months with monthly subcultured.  Both types of tissues were transferred to

the fresh M1 medium in group of 30 calli per petri dish one week before the

bombardment

Plant transformation.
Embryogenic calli and somatic embryos were bombarded with M10 tungsten and

1.0 �m gold particles coated with the binary vector using the PDS 1000/helium-driven

biolistic device (Bio-Rad, Hercules, Calif.). The gap distance between the rupture disk

and the macrocarrier is 1.2 cm and the petri dish was placed at the target level 2 (6.0 cm).

The chamber is evacuated to 26 in Hg and the helium gas pressure is set at 1300 psi.

After bombardment the embryogenic calli and somatic embryos were cultured in the M1

medium for 2 days and transferred to the callus propagation medium (M1 medium

supplemented with 75 mg/l kanamycin and 500 mg/l cefotaxime).  After 14 days the

tissues were transferred to the selective media which is the callus propagation medium

containing 100 mg/l kanamycin.  The tissues were subcultured monthly to fresh selective

media until resistant embryogenic calli developed.

Plant regeneration.
The resistant embryogenic calli were transferred to glass vessels with plastic lids

containing the regeneration medium (MS medium supplemented with 0.2 mg/l BAP, 0.1

mg/l kinetin, 3% sucrose, 8 g/l Difco Bacto agar, 100 mg/l kanamycin, pH5.7).  The

tissues were cultured under 12 hour photoperiod using cool white Sylvania fluorescent

lamps until the embryos regenerated and formed shoots.  Shoots with 3-4 leaves and

about 1.5 cm tall were sliced and transferred to the rooting medium contains the full

strength MS salts, full strength MS vitamins, 100 mg/l myo-inositol, 0.05 mg/l

indolbutyric acid (IBA), 3% sucrose, 8 g/l Difco Bactoagar at pH 5.8.  Rooting plants

were acclimatized by replaced the plastic lids of the culture vessels with a sheet of

double layer sterile tissue paper and covered with saran wrap for 2 weeks before the plant

transferred to 1:1 mixture of soil and vermiculite.

PRSV inoculation.
The PRSV isolate Ratchaburi was propagated in normal papaya plants.  The

infected leaves were ground in 0.01 M phosphate buffer, pH 7.0.  The leaf extract was

rubbed onto the two upper leaves celite-dusted of transgenic plants.  After 10 minutes the

inoculated leaves were rinsed with water.  Symptoms of PRSV infection were observed

for at least 90 days.
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PCR analysis.
The coat protein gene insertion in the plants was detected by PCR.  The total

genomic DNA isolated from transgenic leaves of CTAB method (Rogers. and Bendich.,

1994) was used as DNA template.  The 50 �l of total PCR reaction was composed of 100

ng DNA template, 50 pmol of each forward and reverse primers, 200 �M of dNTPs mix,

1x PCR buffer (20 mM Tris-HCl pH 8.8, 2 mM MgSO4, 10 mM KCl, 10 mM (NH4)

2SO4, 0.1% Triton x-100, and 100 �g/ml nuclease-free BSA), 0.5 �l (1.5 units) Pfu DNA

polymerase and water.  The amplification was carried out in the gene amplification

system 2400 thermal cycle (Perkin-Elmer) under the following condition : 94 oC for 30 s,

50 oC for 30s, 72 oC for 2 min, for 35 cycles.  The PCR product was analyzed in 0.8%

agarose gel electrophoresis.

Southern blot hybridization.
…..en microgram of total DNA isolated from each transgenic plants was digested

with the restriction enzymes Hind III.  The resulting fragments were subjected to

electrophoresis in 0.8% agarose gel, transferred to Hybond-N membrane (Amersham)

and hybridized using the 810 bp coat protein amplified fragment as a probe.  The probe

was labeled with Gene Images Random-Prime Labeling and Detection System

(Amersham) according to the manufacturer’s protocol.

RT-PCR analysis.
Total RNA was isolated from transgenic leaves of each plants by TRIzol reagent

kit (GIBCO BRL).  The RNA was treated with DNaseI to remove the DNA.  The first

strand cDNA was synthesized in the reverse transcription reaction using enzyme

Superscript 
TM 

II (GIBCO BRL).  The 20 �l reverse transcription reaction reaction

mixture contained 10 pmol of specific primers (5’CP and 3�CP), 2 �l of 100 ng purified

viral RNA and sterile DEPC-treated distilled water. The reverse transcription reaction

was performed using Gene Amplification System 2400 (Perkin Elmer).  The reaction

mixture was heated to 70�C for 10 min and quick chilled on ice. The 7 �l of 5x buffers

(250 mM Tris-HCl pH 8.3, 375 mM KCl and 15 mM MgCl2), 0.5 mM dNTPs and 0.01

M DTT were added to the reaction mixture and incubated at 42�C for 2 min.  The 1 �l

(200 units) of Superscript
TM

 II was added and the reaction mixture was incubated at 42�C
for 20s and 50�C for 50 min.  The reaction was inactivated at 70�C for 15 min and

incubated at 4�C for 5 min. The 10-20 �l of this first strand cDNA/RNA hybrid was

directly used as the template for PCR reaction.

Western blot hybridization.
Total proteins were isolated from calli and leaves of plants by TCA method (Wu

and Wang, 1984).  Thirty five microgram of each proteins were separated on a 13 % SDS

polyacrylamide gel. The proteins were transferred to nitrocellulose membrane and

reacted with a 1:2,000 dilution of the anti-CP polyclonal antibodies, and followed by

incubation with a 1:5,000 dilution of the anti-mouse IgG conjugated with horseradish

peroxidase.  The signal was detected using the ECL plus western blotting detection

reagent (Amersham Pharmacia Biotech).
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Inheritance of the coat protein and resistance.
Transgenic papaya G2 which is a female papaya (R0) was cross-pollinated with

the the hermaprodite Khak Dum papaya to set fruits.  The seeds were collected from the

fruits and sow on the soil to obtain the R1 plants.  The hermaprodite R1 plants (G2-1-4)

were self-pollinated to set fruits and the seeds from the fruits were grown to obtained the

R2 plants.  The one month old of these progeny plants were used for PRSV inoculation

and molecular analysis.

Results

Transformation of Thai papaya cutivar Khakdum
The somatic embryos of Khak Dum papaya was bombarded with the binary

vector pSA1006 (Fig.1 ).  After bombardment the cultures were transferred to the

selectable medium containing 100 mg/l kanamycin and transferred monthly to fresh

selective medium until transgenic calli were selected which took about 4-5 months.

Transgenic calli were identified as light-yellow somatic embryo clusters among the

brown tissues of the non-transformed calli. After the tissues were cultured on selective

medium for 5 months, seven transgenic calli were obtained from 1200 clumps of somatic

embryos bombarded with M10 tungsten particles (0.58%) and five transgenic calli were

obtained from 780 clumps of somatic embryos bombarded with 1.0 �m gold particles

(0.51%).

Plant regeneration
The transgenic calli started to regenerate after culturing for 3-4 months on the

regeneration medium containing NAA, BAP and kanamycin and multiple shoots were

formed within 6-9 months.  Shoots with 3-4 leaves and about 1.5 cm tall were sliced and

transferred to the rooting medium.

PCR analysis of transgenic plants.
The Coat protein gene insertion in the transgenic lines were determined by PCR

analysis.  All of the transgenic lines showed 1 Kb amplification fragment of the coat

protein gene except lines G3, G5 and T3 of which the truncated 0.8 Kb fragment of the

coat protein gene were amplified (Fig 2).  In transgenic line G2 both 1 kb intact and 0.8

kb truncated fragments of CP gene were presented.

Southern blot analysis.
The coat protein gene insertion in transgenic lines G1, G2, G3, G5, T1, T2,

T3,T4, T5, T6 and T7 was analyzed by Southern blot analysis.  The total plant genomic

DNA was digested with restriction enzyme Nco I flanking the 1 kb coat protein gene and

hybridized with the CP gene probe.  The result show that most of the transgenic plants

contains multiple copies except G1 and T2 (Fig. 3). There is no detected DNA band in

transgenic line T1.
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RT-PCR analysis in transgenic plants.
The transcriptional products in 11 transgenic lines were determined by RT-PCR

analysis.  All of the transgenic lines showed 1 Kb amplification fragment of the coat

protein gene except lines G2, G3, G5 and T3 of which the truncated 0.8 Kb fragment of

the coat protein gene were amplified (Fig 4). The intensity of the amplified bands of the

coat protein gene in transgenic lines G2, G3, G5, T3 and T5 is lower than other

transgenic lines.  No RT-PCR amplification product was detected in transgenic line T6.

Western blot analysis in transgenic plants.   
The protein product of the inserted CP gene in eleven transgenic plants was

analysed by western blot analysis.  The CP protein band of 32 Kda was detected only in

transgenic lines G1 and T2 (Fig 5. and 6.).

PCR and physical analysis of the coat protein gene insertion in progeny plants.
The inheritance of the PRSV resistance was further analyzed in G2 line. All G2

plants were grown to maturity in a greenhouse. They had a normal morphology and

growth habit compared to the non transgenic control.  Segregation of the introduced

genetical material was investigated by PCR and Southern blot analysis on 13 plants. The

coat protein gene insertion in the 13 progeny R1 plants of transgenic line G2 was

analyzed by PCR.  The truncated coat protein gene fragment of about 0.8 kb was

detected in 9 plants (G2-1-5-2, G2-1-5-8, G2-1-6-1, G2-1-4-2, G2-1-3-1, G2-1-3-4, G2-

1-2and G2-1-4) but not in 4 plants (G2-1-2-7, G2-1-1, G2-1-3 and G2-1-6) (Fig 7. and

8.).  The coat protein gene insertion in these plants was confirmed by Southern blot

analysis.  The total plant genomic DNA from these transgenic lines was digested with

restriction enzyme Nco I flanking the 1 kb coat protein gene.  Hybridization of plant

DNA digested with restriction enzyme Nco I showed that the progeny plants containing

the CP gene detected by PCR showed multiple copies of the coat protein gene inserted

pattern as in transgenic line G2 (Fig 9. and 10). The PCR analysis of the 42 progeny R2

plants showed that 78% of the progeny R2 plants contain the truncated coat protein gene

fragment of about 0.8 kb (Fig. 11, 12 and 13). Southern blot hybridization of the plant

genomic DNA from these R2 progeny plants digested with restriction enzyme Nco I

showed multiple copies of the coat protein gene inserted pattern as in transgenic line G2

and the R1 progeny plants (Fig. 14 and 15).

Resistance to PRSV infection in progeny plants of transgenic line G2.
Sixty progeny plants from transgenic G2 crossed with normal papaya were tested

for PRSV infection under greenhouse condition.  Thirty progeny plants showed complete

resistance.

Forty two progeny plants from R2 progeny (self pollinated line G2-1-4 plants)

were tested for PRSV infection under greenhouse condition.  Thirty three progeny plants

(78%) showed complete resistance.  There is no symptom on the inoculated leaves nor on

new emerging leaves during plant maturation over than 6 months.



Resistance of transgenic papaya plants to papaya ringspot virus Thai isolate

95

Discussion
The efficiency of transformation of papaya cultivar. Khakdum using somatic

embryos is comparable to the previously reported in particle gun bombardment of

zygotic embryos of papaya cultivars "Sunset" (Fitch et al, 1990) and " Maradol"

(Cabrera-Ponce et al, 1995).  However the papaya cutivar Khak Dum took about 1 month

longer to regenerate.  The genotype of the papaya, the type and age of tissue used in the

particle gun bombardment are the important factors that effect the transformation

efficiency by particle gun bombardment .

Plant transformation by microprojectile bombardment results in transgene

integration patterns that generally exhibit multiple transgene copies and extensive

rearrangements of the introduced DNA (Pawlowski and Sommers, 1996).  It has been

shown originally on rice, that transgene loci in plants transformed by particle gun

bombardment have host DNA separating closely linked transgene sequences (Kohli et al,
1998).  Fig. 3 shows that similar situation was observed in papaya transformation.   Only

two transgenic papaya lines have a single copy gene (G1 and T2), while there are three

distinct patterns showing rearranged transgenes.  This is probably due to the fact that

direct DNA transfer is mediated by two-phase integration mechanisms and it is using

integrational hot spots (Kohli et al., 1998).

However, only lines G2, G3, G5 and T3 with the same integration pattern are

resistant to the virus.  The majority of virus resistance in plants has been shown to occur

on RNA level. The underlying mechanism of virus resistance in plants is believed to be

post transcriptional gene silencing (PTGS) (Wang and Waterhouse, 2002).  As a result of

PTGS, RNA accumulation is suppressed, which can be seen from Fig. 2A, where no

RNA was amplified by RT-PCR from virus resistant lines.   The induction of PTGS by

transgene is believed to be facilitated by creation of inverted repeats separated by a short

spacer (Waterhouse, 2001).  Such a specific rearrangement did not take place in

transgenic lines T4, T5, T6 and T7, where no resistance to PRSV was found.

The PCR amplified fragment from lines resistant to PRSV shows a missing 166

bp from the 3’ end of the CP gene as determined by sequencing (data not shown).

Although it has been reported that the truncated CP is able to induce resistance against

potyvirus (Silva Rosales et al., 1994, Leclerc and AbouHaidar, 1995), it seems unlikely

in this case.  No above mentioned putative inverted repeat was found in this 0.8 kb

fragment.  Also, the 166 bp fragment missing from the 0.8 kb fragment can be found in

all other upper bands in Fig.1.

The protein involvement in this resistance was not found - only two lines with

intact expression cassette (G1, T2) show protein expression.  The ORF and/or the

promoter are apparently rearranged in the non resistant lines as well.  Only TEV

resistance was shown to be mediated by protein so far (Marcos and Beachy,1997).

The PCR analysis and Southern blot analysis of R1 and R2 generations and

analysis of segregation patterns showed integration of the target genes to have occurred

at one or few loci, resulting in stable and predictable pattern of inheritance, which shall

prevail through future generations.  Such integration in a single or few loci could not

have taken place by a chance alone, however, the mechanisms governing this

phenomenon are not yet known.
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Figure 1.  Schematic map of binary vector pSA1006.  The CaMV 35 S promoter-gus coding sequence-

3'nos is at the right border

Figure 2.  PCR amplification of the coat protein gene inserted in the transgenic lines.  The PCR products

were analyses in 0.8% agarose gel, stained with ethidium bromide. Lane1; �-DNA digested with Hind III

as a marker; Lane 2, PCR product of non-transgenic papaya plant, Lane3 to 7; PCR products of transgenic

lines G1, G2, G3, G5, T1, T2, T3, T4, T5, T6 and T7 respectively
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Figure 3.  Agarose gel electrophoresis (A) and Southern blot hybridization (B) of transgenic lines.

Total genomic DNA from each plant was digested with restriction enzyme Nco I which flanks the PRSV

coat protein. The DNA was analysed in 0.8% agarose gel, transferred to nylon membrane and hybridized

with DNA probe.  Lane 1: ��DNA digested with Hind III, Lane2: DNA of non transgenic papaya, Lane 3-
13: DNA of transgenic line G1, G2, G3, G5, T1, T2, T3,T4, T5, T6 and T7.
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Figure 4.  RT-PCR amplification of the coat protein gene inserted in the transgenic lines. The PCR products

were analysed in 0.8% agarose gel (A) transferred to nylon membrane and hybridized with probe(B).  Lane

1: ��DNA digested with Pst I, Lane2: PCR amplification without DNA template (negative control), Lane 3:
PCR amplification using pSA1006 as a DNA template (positive control), Lane 5-13: PCR product of

transgenic lines G2, G3, G5, T2, T3, T4, T5, T6 and T7.
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Figure 5.  SDS-PAGE (A) and western blot analysis (B) for detection of CP protein in the transgenic

papayas. Total proteins were isolated from the transgenic papayas, healthy papaya and infected papaya and

thirty five microgram from each proteins were separated on a 13 % SDS polyacrylamide gel. The proteins

were transferred to nitrocellulose membrane and were reacted with a 1:2,000 dilution of the primary

antibody, anti-CP polyclonal antibodies, and followed by incubation with a 1:5,000 dilution of the

secondary antibody.  Lane 1: 35 �g of total protein extract from healthy papaya leaves, Lane 2: 500 ng of

total protein extract from PRSV infected papaya leaves, Lane 3: Board range protein marker.  Lane 4-8: 35

�g of total protein extract from transgenic papaya leaves line G1, G2, G3, G5 and T3 respectively.
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Figure 6.  SDS-PAGE (A) and western blot analysis (B) for detection of CP protein in the transgenic

papayas. Total proteins were isolated from the transgenic papayas, healthy papaya and infected papaya and

thirty five microgram from each proteins were separated on a 13 % SDS polyacrylamide gel. The proteins

were transferred to nitrocellulose membrane and were reacted with a 1:2,000 dilution of the primary

antibody, anti-CP polyclonal antibodies, and followed by incubation with a 1:5,000 dilution of the

secondary antibody.  Lane 1: 35 �g of total protein extract from healthy papaya leaves, Lane 2: 500 ng of

total protein extract from PRSV infected papaya leaves, Lane 3: Board range protein marker, Lane 4-9: 35

g of total protein extract from transgenic papaya leaves, G1, T2, T4, T5, T6 and T7 respectively
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Figure 7.  PCR amplification of the coat protein gene inserted in the R1 progeny of transgenic line G2.

The PCR products were analysed in 0.8% agarose gel, stained with ethidium bromide.  Lane 1: ��DNA

digested with Hind III, Lane2: PCR amplification without DNA template (negative control), Lane 3: PCR

product of non infected normal papaya (negative control), Lane 4: PCR amplification using pSA1006 as a

DNA template (positive control), Lane 5: PCR product of transgenic line G2, Lane 6-13: PCR product of

progeny plants G2-1-3-4, G2-1-2-7, G2-1-1, G2-1-2, G2-1-3, G2-1-4, G2-1-5 and G2-1-6, Lane 14: PCR

product of non infected normal papaya (negative control).
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Figure 8.  PCR amplification of the coat protein gene inserted in the R1 progeny of transgenic line G2.

The PCR products were analysed in 0.8% agarose gel, stained with ethidium bromide.  Lane 1: ��DNA
digested with Hind III, Lane2: PCR amplification without DNA template (negative control), Lane 3: PCR

amplification using pSA1006 as a DNA template (positive control), Lane 4-10: PCR product of progeny

plants G2-1-5-2, G2-1-5-8, G2-1-6-1, G2-1-4-2, G2-1-3-1, G2-1-3-4 and G2-1-2-7.
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Figure 9.  Agarose gel electrophoresis (A) and Southern blot hybridization (B) of R1 progeny plants of

transgenic line G2.  Total genomic DNA from each plants was digested with restriction enzyme Nco I

which flanks the PRSV coat protein. The DNA was analysed in 0.8% agarose gel, transferred to nylon

membrane and hybridized with DNA probe.  Lane 1: ��DNA digested with Hind III, Lane2: DNA of

transgenic line G2, Lane 3-9: DNA of progeny plants G2-1-2-7, G2-1-1, G2-1-2, G2-1-3, G2-1-4, G2-1-5

and G2-1-6, Lane 10: DNA of non transgenic papaya.
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Figure 10.  Agarose gel electrophoresis (A) and Southern blot hybridization (B) of R1 progeny plants of

transgenic line G2.  Total genomic DNA from each plants was digested with restriction enzyme Nco I

which flanks the PRSV coat protein. The DNA was analysed in 0.8% agarose gel, transferred to nylon

membrane and hybridized with DNA probe.  Lane 1: ��DNA digested with Hind III, Lane2-8: DNA of

progeny plants G2-1-5-2, G2-1-5-8, G2-1-6-1, G2-1-4-2, G2-1-3-1, G2-1-3-4 and G2-1-2-7.
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