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ABSTRACT 

 Cytoplasmic male sterility (CMS) is a mitochondrial inherited trait that prevents a flower from producing normal pollen grains. CMS has widely been used to produce F1 hybrid seed 

in pepper. Though the orf507 gene is known to be associated with CMS in peppers, definitive and direct evidence that ORF507 induces male sterility is still lacking. In this study, a 

set of chimeric constructs were developed to confirm the hypothesis that ORF507 protein directly causes male sterility in tobacco. Tapetum-specific promoter TA29, mitochondrial 

transit sequence yeast coxIV pre-sequence, orf507 and green fluorescent protein (GFP) gene were cloned sequentially and designated as TCOGN (TA29-coxIV pre-sequnce-orf507-

GFP-nos terminator). For developing control vectors, orf507 was cloned under TA29 promoter without coxIV pre-sequence (TOGN) or orf507 was cloned with or without coxIV pre-

sequence under the constitutive CaMV35S promoter (SCOGN and SOGN). The four constructs (TCOGN, TOGN, SCOGN, and SOGN) were used to transform tobacco using leaf 

disk transformation mediated by agrobacterium. At flowering stage, transgenic plants will be scored for pollen production and viability. This study is expected to provide evidence that 

the expression of orf507 gene in the tapetum might be responsible for male sterility in pepper. 

INTRODUCTION 

 A good pollination control system to avoid self-pollination of the female line is required 

to produce hybrid seed. CMS lines have been used widely as female lines in hybrid 

seed production. In pepper (Capsicum annuum L.), CMS was first isolated from an 

Indian C. annuum accession, PI164835 (Peterson, 1958). Previous research revealed 

that CMS in pepper is associated with the expression of orf507, which is located 

downstream and co-transcribed with the mitochondiral coxII gene (Kim et al., 2007; 

Gulyas et al., 2010). However, direct proof that ORF507 is critical for induction of male 

sterility has not been established.  

In this study, We hypothesized that if orf507 is expressed under TA29 promoter from 

tobacco and ORF507 protein is targeted into mitochondria using coxIV pre sequence, 

the protein might lead to male sterility in solanaceae plants. In the present, we 

generated transgenic tobacco plants using constructs containing orf507 gene which are 

not flowered yet, and further, research will be done to check fertility of the plants 

MATERIALS & METHODS 

 Plant Material 

 The pepper (Capsicum annuum L.) CMS line ‘Bukang A’ carrying the sterile cytoplasm 

was used in the study. The tobacco variety Nicotiana benthamiana was used for 

transformation. 

 

 Vector Construction 

 To construct the vector, a tapetum-specific promoter (TA29) from tobacco and a 

mitochondrial transit sequence (the first 25 amino acids of COXIV) from yeast were 

cloned. The orf507 gene was taken from the Bukang A CMS line of C. annuum. The 

PCR amplified sequences were first cloned in the T-Blunt vector, sequenced and 

excised with specific enzymes that were introduced into the primers. The TA29 

promoter, coxIV pre-sequence and orf507 were cloned sequentially into the 

pCR®8⁄GW⁄TOPO® Vector. Then TA29-coxIV pre-sequence-orf507 sequence was 

cloned into pMDC107 vector by gateway cloning method. The resultant clone TCOGN 

was used for plant transformation. TOGN, SCOGN and SOGN vector were also 

constructed  for the comparison with the TCOGN transgenic plants. The vectors were 

confirmed by sequencing. The confirmed vectors were then transformed into 

Agrobacterium tumefaciens strain GV3101. 

 

 Plant Transformation 

 The constructed vectors were used to transform the N. benthamiana, via leaf disk 

transformation procedure. Explants were infected with the A. tumefaciens strain 

GV3101 containing transformation vector for 1min. The infected explants were co-

cultured in a solid medium (MS + 1.5ml/L BAP) for 3d and then transferred into 

selection medium (MS + 10mg/L Hyg + 200mg/L.Cef + 1.5mg/L BAP), The explants 

were transferred into fresh medium every 2 weeks. When shoots began to grow, the 

shoots were cut and transferred into rooting medium (1/2MS + 5mg/L Hyg + 100mg/L 

Cef + 0.1mg/L NAA) for root production. When roots were elongated, the transformants 

were transferred and acclimated to soil. 

RESULTS 
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 To confirm the correlation between orf507 gene and occurrence of CMS 

 To introduce orf507 gene could be useful for genetic engineering of male sterility. 

OBJECTIVES 

 Development of Gene Constructs 

 Four gene constructs, TCOGN, TOGN, SCOGN and SOGN were developed using the 

CMS candidate gene orf507 from pepper. This gene was cloned under both tapetum 

specific promoter (TA29) and constitutive promoter (CaMV35S) either with or without 

the mitochondrial target sequence which is the first 25 amino acids sequence of COXIV 

from yeast. The chimeric genes were cloned into pMDC83 vector (SCOGN and SOGN) 

and. pMDC107 vector (TCOGN and TOGN). pMDC83 and pMDC107 vectors contained 

green fluorescent protein (GFP) gene in order to be used as a reporter of expression 

and hygromycin resistance gene for facilitating selection of putative transformants using 

hygromycin in vitro. The completed vectors were confirmed by sequencing and 

mobilized into A. tumefaciens strain GV3101. 

 

 Transformation of Tobacco Plants 

 Sterile leaf discs were transformed mediated by A. tumefaciens strain GV3101 

containing four gene construct and empty vector as a  control. Transformed plants were 

obtained throughout the shoot differentiation, elongation, and rooting stages. These 

plants will be tested for the transgenicity using gene specific PCR and RT-PCR. If the 

transgenicity is checked, the morphology of anthers, pollination ability and quantity of 

pollen grains from transgenic plants will be analyzed. Next, progeny test will be done for 

checking single copy insertion. 

Figure 1. Schematic illustration of gene constructs developed and used 
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Figure 2. N. benthamiana transformation steps 

(A) Leaf disk explants on co-cultivation medium. (B) Shoot induction after 4 weeks on 

selection medium. (C) Shoot elongation in selection medium. (D) Rooting and plant 

development in rooting medium. 
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