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Hemp (Cannabis sativa L.) is an annual and typically dioecious crop and is cultivated in many parts of the 
world for its fiber, oil, seed and in the therapeutic potential for human diseases, phytocannabinoids as 

a medical therapy are getting more attention recently. The species is also widely utilized as a source of fiber 
(such as fabrics, ropes, and paper), food, oil, and medicines plus it has a reputation as being used in religious 
ceremonies and/or for recreational purposes [1]. The development of new hemp cultivars with improved traits 
such as resistance to biotic and abiotic stresses, better nutritional and processing qualities, and with increased 
yields among others [2,3]. However, before the implementation of this technique in C. sativa species, it is 
imperative to develop an efficient plant regeneration and transformation protocol that allows the regeneration 
of transgenic plants. Micro propagation can facilitate high throughput propagation in many species and forms 
the basis of disease-free plants for certified clean plant programs. Thus, developing an optimized in vitro 
method for propagating clean plants is a crucial strategy to produce large-scale genetically identical plants, 
retain genetic integrity and maintain the long-term sustainability of the economically valuable crop [4,5,6]. The 
purpose of this study was to establish a protocol for Agrobacterium-mediated transformation for foreign gene 
introduction in Hemp. Several factors influence transformation efficiency including the effect of explant type, 
age of leaf explants, the concentration of silver nitrate and or calcium chloride, bacteria concentration, infection 
time, acetosyringone concentration, wounding, and different co-culture periods of bacteria were evaluated to 
optimize the transformation efficiency for Hemp. The Agrobacterium-mediated transformation was optimized 
using the binary vector pCAMBIA1304 (1) encoding the modified Green Fluorescent Protein (GFP) and 
a β-glucuronidase (GUS) as reporter genes which is driven by the Cauliflower Mosaic Virus (CaMV) 35S 
promoter for early detection of transgene expression and containing hygromycin phosphotransferase (HPT) 
gene as a selectable marker. Results obtained were based on the average number of blue spots and percentage of 
transformed GUS expressing leaf tissue which was observed 3 days post-transformation. The results indicated 
that the 14 and 21 days old fully expanded leaf and transient transformation efficiency increased with a GUS 
blue spot and GFP expression and decreased at 7 days. Enhanced transient GUS expression with an average 
frequency of 79% was noticed at 30 minutes of the co-cultivation period while 10 minutes of the co-cultivation 
period resulted in 20% transient GUS expression. The addition of 150 µM acetosyringone, 60 µM of silver 
nitrate, and 0.5 µM of calcium chloride in the co-cultivation medium increased the transient transformation 
frequency and the number of blue spots by 77% (150), 80% (159), and 76% (133) compared to control treatment 
in the leaf tissues. The bacterial inoculum concentration of OD of 0.4 at 600 nm showed 90% transient GUS 
expression in the histochemical GUS assay. The highest transient gene expression of 74% was obtained from 
a leaf incubated compared to other explants such as roots, cotyledons, petiole, and or leaf-derived callus. The 
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results indicate that the GUS gene is superior to the GFP gene in following transgene expression in transiently 
transformed materials in different explants. The maximum transformation frequency was obtained by using 
the following parameters: 21 days of fully expanded leaf explants of commercial Joey cultivar that were left 
for 3 days of post-transformation incubation, co-cultivated infected with Agrobacterium for 30 min at a 
concentration of OD600 of 0.4, and wounding the tissue with the screen. These optimized conditions have 
been used to obtain stably transformed explants for subsequent regeneration.
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