
Protocol used for the In Vivo Transformation 

This protocol is based on Pal Maliga (ed.) Chloroplast Biotechnology: Methods and Protocols, Methods in 

Molecular Biology, vol.1132, DOI 10.1007/978-1-62703-995-6_8, Springer Science + Business Media New 

York 2014 .  

 

1) Preparation of DNA-Coated Gold Particles 

1. First prepare the gold particles. Weigh 30 mg of 0.6 mg gold microcarrier in a 1.5 mL Eppendorf tube 

and add 1 mL of ice-cold 70% ethanol. Shake the tube on a Vortex microtube holder for 5 minutes and 

then allow the pellets to settle at room temperature (20-25°C) for 15 minutes. 

2. Spin the tubes in a microcentrifuge at 3,000 rpm (600 x g) for 1 minute to precipitate and compact the 

gold. Remove the ethanol with a pipette. Add 1 ml of ice-cold sterile distilled water and suspend the 

pellet by vortex stirring, then allow the gold pellet to settle at room temperature for 10 minutes. 

3. Compact the gold pellet by spinning it in a microcentrifuge at 3,000 rpm (600 × g) for 1 minute. 

Remove the water with a pipette and add 1 ml of ice-cold sterile distilled water. Preparation of DNA 

coated gold pellets by weighing the gold pellets, after put in a vortex and then allow them to settle at 

room temperature for 10 minutes. 

4. Repeat step 3 and rinse the gold pellets with water. 

5. Spin the tubes in a microcentrifuge at 5,000 rpm (1,700 × g) for 15 seconds, then remove the water 

completely. Add 500 µl of 50% glycerol, vortex for 1 minute, and resuspend the pellet. The 

concentration of gold will be 60 mg/ml. The purified gold can be stored at room temperature for up to 2 

weeks. 

 6. You can use freshly prepared gold pellets or stored gold to coat DNA. If stored gold is used, vortex the 

test tube for 5 minutes before coating the DNA. To start the DNA coating, place the Eppendorf tube with 

the pure gold on the Vortex microtube holder and shake at setup 3. While shaking the tubes, 50 µl of 

gold was withdrawn and pipetted into ten 1.5 mL Eppendorf tubes. While the tubes are shaking, add 5 µl 

of plasmid DNA (1 µg/µl), 50 µl of 2.5 M CaCl 2, and 20 µl of 0.1 M arginine-free base. Make sure that 

the components are added in the order indicated and that the contents are well mixed before adding 

the next component. 

7. Shake the vortex tube for 5 minutes, set to 3. 

8. Spin in a microcentrifuge at 3,000 rpm (600 × g) for 1 minute to precipitate the gold. Remove the 

supernatant with a pipette and add 140 µl of 70% ethanol. Gently tap the test tube until the pellet 

begins to enter the solution to make sure that the pellet is not tightly packed. If the gold does not enter 

the solution when gently tapping the tube, break up the pellet by moving the pipette up and down. 

9. Spin in a microcentrifuge at 3,000 rpm for 1 minute to precipitate the gold. Remove the supernatant 

and add 140 µl of ice-cold 100% ethanol to each tube. Gently tap the tubes until the pellets begin to 

transfer into solution. 



10. Precipitate the gold by spinning in a microcentrifuge at 5,000 rpm (1,700 × g) for 15 seconds. 

Resuspend the coated gold pellet in 50 µl of 100% ethanol by gently tapping the test tube. The pellet 

should enter the solution easily. While waiting to use the bombardment, shake the vial. If the tube has 

been left for an extended period of time before bombardment, replace the ethanol in the tube with 

fresh 100% ethanol.  

2) DNA Delivery by the Biolistic Process 

1. Preparing leaves for bombardment. Place two sheets of sterile Whatman No. 4 filter paper on top of 

RMOP solid medium (20 ml) in a 100 x 15 mm Petri dish and place the sterile leaf back side up (with the 

top side resting on the medium). Use a leaf when bombarding with a standard PDF1000/He gun, 

covering the entire plate with a Hepta adapter. Plasmid transformation of tobacco using bioprocesses 

158 Leaves from greenhouse-grown plants are also suitable for plasmid transformation. Leaves can be 

stored in the "ready-to-shoot" state on fiber paper for at least one day.  

2. Set up the biolysis gun in a sterile laminar flow hood. Sterilize the main chamber, rupture disc 

retaining cap, microcarrier launch assembly (if using a Hepta adapter) and target holder by wiping with a 

cloth moistened with 70% ethanol. 

3. Sterilize the rupture disc (1100 psi), large carrier, large carrier holder and retaining net by soaking 

them in 100% ethanol (5 min) and air-drying in an open Petri dish in the laminar flow hood. 

4. Open the helium cylinder and set the regulator pressure (at the distal end of the cylinder) to 1300 psi 

(200-300 psi higher than the rupture disc value).  

5. Turn on the vacuum pump and the gene gun switch. Set the vacuum speed of the gene gun to 7 and 

the venting speed to 2. 6. Aspirate 10 µl of DNA-coated gold onto the "rag" on the macrocarrier or 

holder and allow the rag to air dry for 5 minutes. If blasting with one macrocarrier (7 if using the Hepta 

adapter), 5 samples can be done at a time.7. Place the rupture disc in the retaining cap and tighten it. 

8. Place the retaining shield and flange (face down) into the microcarrier launch assembly and place it in 

the chamber immediately adjacent to the rupture disc. See Bio-Rad Bulletin 9075 for description.  

9. Place a sheet of paper on the RMOP sheet in the chamber 9 cm below the microcarrier launch 

assembly (fourth from the top) and close the door.  

10. Press the vacuum button and open the valve. When the vacuum reaches 28 inches Hg, press and 

hold the FIRE button until a burst of gas is heard breaking the rupture disc. 

11. Immediately reset the vacuum and remove the sheet sample. 

12. Repeat steps 6-11 until all leaf samples have been bombarded. When finished, close the helium 

cylinder and press and hold the fire button to release the pressure while under vacuum. Turn off the 

vacuum pump. 

13. Place the clear plastic sleeve over the plate containing the bombarded leaf samples and incubate in 

the incubation chamber. Incubation allows time to express the marker gene before selection begins. 

14. After 2 days, cut the bombarded leaves into small pieces (1 cm square) on RMOP selective medium 

(500 mg/l spectinomycin) in deep plates (100 × 20 mm) and place 7 pieces per plate back side up. 



15. Cover each plate with permeable gas exchangeable plastic film and incubate in a culture chamber 

illuminated at 26°C for 16 h.  

3) Identification of Transplastomic Events 

1. Incubate the plates in a culture chamber at 26°C with a light/dark cycle of 16 h/8 h. Sensitive cells 

from bombarded leaves discolored, and sensitive cells from scarce callus, turned yellow or brown on 

RMOP plant regeneration medium containing 500 mg/L spectinomycin hydrochloride. Cells carrying 

transformed plastids resistant to spectinomycin turned green and overcame the inhibition of shoot 

regeneration by spectinomycin. Putative transgenic clones appeared as green shoots only, green callus 

only, or green callus with shoots within 4-12 weeks after bombardment on the designation of clones. 

However, mutations in 16S rRNA confer a similar phenotype of resistance to spectinomycin, as does the 

expression of the aadA gene in the nucleus. Positive identification of clones of transplanted cytomas is 

the next challenge. 

2. Small (1 cm2) leaf sections of regenerating shoots or callus were transferred to selective streptomycin- 

spectinomycin RMOP medium and Spectinomycin RMOP medium. Transgenic clones carrying the aadA 

gene were resistant to both spectinomycin and streptomycin, while Identification of transgenic events 

phenotype of transgenic clones in bombarded leaf cultures. In sterile line culture, N. tabacum plants 

have more internodes than N. sylvestris and they grow in rosettes Plastid transformation in tobacco 160 

spontaneous spectinomycin-resistant mutants are resistant to spectinomycin alone. Resistance was 

manifested by the formation of green callus with regenerating shoots; susceptibility was manifested by 

the formation of sparse white callus in the leaves. However, integration of aadA from the plastid 

transformation vector into the nucleus also confers resistance to spectinomycin and streptomycin. 

Integration of the transgene into the plastid genome needs to be confirmed by PCR and positive DNA 

gel-blot analysis. 

 

 

 

 

 

 

 

 

 


