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I 

 

Abstract 

Agrobacterium-mediated transformation and transformation by electrophoresis were used in 

an attempt to produce poinsettias (Euphórbia Pulchérrima) with blue or purple bracts. The 

two methods were compared in order to determine whether one method is better suited for 

further transformations of poinsettia. The red poinsettia is one of the most popular Christmas 

plants in Norway, and creating a purple poinsettia would be of great commercial interest, as it 

could extend sales to the Advent season.  

To achieve the desired colour change, the gene coding for flavonoid 3’5’hydroxylase 

(F3’5’H) derived from petunia (Petunia x hybrida) was introduced. This would modify the 

anthocyanin pathway, potentially causing an accumulation of delphinidin, a plant pigment 

responsible for blueish colour in several ornamentals.  

The Agrobacterium-mediated transformations was tried on roughly 1500 explants. The 

explants were used to produce tissue cultures following the transformation, with new plants 

regenerated through somatic embryogenesis. Transformation by electrophoresis was used in 

an attempt to transform 42 shoots from 13 different plants in vivo. New shoots were derived 

from the putatively transformed ones, and grown in the greenhouse until bract colour 

developed.  

The Agrobacterium-mediated transformation resulted in only one completely regenerated 

plant within the time available for this project. Screening by PCR gave a negative result. 

However, several somatic embryos and shoots were still in development at the time of 

conclusion, and may be positive if allowed to regenerate into new plants. Transformations by 

electrophoresis did not result in any observed visual difference in the putatively transformed 

plants compared to the control plants, indicating that the transformations were so far 

unsuccessful.   

At the time of conclusion, neither method had produced poinsettias with blue or purple 

coloured bracts. Based on the observations made in this project, as well as previous 

experiments, Agrobacterium-mediated transformation seems to be the safer choice when 

transforming poinsettia. However, transformation by electrophoresis may be an equally 

efficient method for transforming poinsettia if developed further. 

 



 

 



 

II 

 

Sammendrag 

Agrobacterium-mediert tranformasjon og transformasjon ved elektroforese ble brukt i et 

forsøk på å produsere julestjerner (Euphórbia Pulchérrima) med lilla eller blå høyblader. De 

to metodene ble sammenlignet, i et forsøk på å avgjøre hvorvidt en av metode er bedre egnet 

for videre transformasjon av julestjerne. Den røde julestjernen er en av de mest populære 

juleplantene i Norge, og produksjon av lilla julestjerner ville være av stor kommersiell 

interesse, da dette vil kunne utvide salget av julestjerne til adventstiden. 

For å oppnå fargeendring, ble genet som koder for flavonoid 3’5’-hydroxylase (F3’5’H) i 

petunia (Petuna x hybrida) introdusert til julestjerne av sorten ‘Early Prestige’. Dette kan føre 

til en endring i antocyaninsynteseveien, noe som gir mer delphinidin, et pigment som fører til 

blålig farge i mange blomster. 

Agrobacterium-mediert transformasjon ble forsøkt på omtrent 1500 stilkskiver. Disse ble 

behandlet i vevskultur, og nye planter ble dyrket frem via somatisk embryogenese. 

Transformasjon ved elektroforese ble benyttet i et forsøk på å transformere 42 sideskudd fra 

totalt 13 forskjellige planter in vivo. Nye skudd fra disse antatt transformerte skuddene ble 

dyrket i veksthus, frem til høybladene utviklet farge. 

Agrobacterium-mediert transformasjon resulterte kun i en regenerert plante i løpet av dette 

prosjektet. Screening ved PCR gav et negativt resultat. Likevel er det flere somatiske embryo 

og planteskudd som fremdeles utvikler seg, og det er muligheter for at disse vil vise seg å 

være positive transformasjoner, gitt at de regenereres til nye planter. Transformasjon ved 

elektroforese førte ikke til noen synlig fargeendring i de antatt transformerte plantene, 

sammenlignet med kontrollplanter. Dette indikerer at transformasjonene foreløpig ikke er 

vellykkede. 

Ved oppgavens avslutning, hadde ingen av metodene ført til julestjerner med blå eller lilla 

høyblader. Basert på observasjoner gjort i både dette og andre eksperimenter, ser 

Agrobacterium-mediert transformasjon ut til å være det tryggeste valget for å transformere 

julestjerne. Transformasjon ved elektroforese har likevel stort potensiale, og kan vise seg å 

være en like effektiv metode for å transformere julestjerner dersom den blir utviklet videre. 



 

 



 

 

Index 

Abstract ...................................................................................................................................... I 

Sammendrag ............................................................................................................................ II 

1. Introduction .......................................................................................................................... 1 

2. Methods ................................................................................................................................. 4 

2.1 Plant material .............................................................................................................................. 4 

2.2 Gene of interest ............................................................................................................................ 4 

2.3 Regenerating bacteria from stab cultures ................................................................................. 6 

2.4 Transformation by electrophoresis ............................................................................................ 7 

2.4.1 Plasmid isolation .................................................................................................................... 7 

2.4.2 Casting of pipette tips ............................................................................................................. 7 

2.4.3 Electrophoresis transformation ............................................................................................... 8 

2.4.4 Greenhouse conditions for putative transformants ................................................................. 9 

2.5 Agrobacterium-mediated transformation ................................................................................ 10 

2.5.1 Sterilization of plant material ............................................................................................... 10 

2.5.2 Agrobacterium-mediated transformation ............................................................................. 11 

2.5.3 Callus formation, maintenance and somatic embryogenesis ................................................ 11 

2.6 Verification of stable genetic variants ..................................................................................... 12 

2.6.1 Primers .................................................................................................................................. 12 

2.6.2 Verification by PCR ............................................................................................................. 13 

2.6.3 pH in poinsettia .................................................................................................................... 13 

3. Results ................................................................................................................................. 14 

3.1 Rate of transformations ............................................................................................................ 14 

3.2 Infection rates in tissue cultures ............................................................................................... 15 

3.3 Somatic embryos ........................................................................................................................ 16 

3.4 DNA yield from plasmid isolations .......................................................................................... 17 

3.5 Visual differences after Electrophoresis .................................................................................. 18 

3.6 pH in poinsettia .......................................................................................................................... 19 

4. Discussion ............................................................................................................................ 20 

4.1 Cell culture infections during Agrobacterium transformations ............................................. 21 

4.2 Transformation by Electrophoresis ......................................................................................... 24 

4.3 The source of F3’5’H ................................................................................................................ 25 

4.4 Anthocyanin expression and pH .............................................................................................. 26 

4.5 Comparison of methods ............................................................................................................ 26 

5. Future work ........................................................................................................................ 29 

5.1 Agrobacterium-mediated transformations ............................................................................... 29 



 

 

5.2 Transformation by Electrophoresis ......................................................................................... 29 

5.3 Plasmid ....................................................................................................................................... 31 

6. Conclusions ......................................................................................................................... 32 

Literature ................................................................................................................................ 33 

Appendix I – Protocols ........................................................................................................... 38 

Appendix Ia – Genomed Jetquick Plasmid Miniprep .................................................................. 38 

Appendix Ib – QIAGEN Plasmid Midi Kit ................................................................................... 39 

Appendix Ic – QIAfilter Plasmid Maxi Kit ................................................................................... 45 

Appendix Id – DNeasy plant mini kit ............................................................................................ 50 

Appendix II – Nutrient media and other solutions ............................................................. 54 

Appendix III – Plasmid Isolation data ................................................................................. 56 

Appendix IV – Electrophoresis data ..................................................................................... 58 

Appendix V – BLAST result ................................................................................................. 59 

 

 

 

 

 

 

 

 

  

 

 

  

 



1. Introduction 

Genetic Transformation of Poinsettia   1 
   

1. Introduction 

Euphórbia pulchérrima, commonly called poinsettia, is one of the most popular potted plants 

in many parts of the world, particularly in Norway, where almost five million plants are sold 

annually (Ladstein pers. comm.). However, due to the red colour of the bracts, and the short 

day requirements for flowering (Kristoffersen 1968), the poinsettia has become a symbol of 

Christmas in the Northern Hemisphere, limiting the demand to the Christmas holidays. 

One way to increase the demand for Poinsettias could be to increase the colour range of the 

bracts, as colour is one of the most important traits of poinsettia cultivars (Catanzaro & Bhatti 

2006). Today’s cultivars are red, pink, marble pink/white and white. These colour variants are 

chimera plants with the L1-layer colourless (pink), L1 and L2 colourless (marbled) or all three 

cell layers colourless (white) (Preil, W 1994). A light pink variety of poinsettia, ‘Princettia’, is 

already promoted as an autumn plant (Ladstein, pers. comm.). As poinsettia is a traditional 

Christmas plant, extending the holiday demand might be a more natural approach. As purple 

is the colour of Advent, this may be achieved by creating poinsettias with purple bracts.  

While the purple poinsettia has a lot of potential, the problem is that the colour in poinsettia 

comes from the plant pigment cyanidin-3-glucoside (in short: cyanidin), a type of anthocyanin 

(Tanaka et al. 2008).  Cyanidin produces a red colour, and different amounts of cyanidin will 

determine the shade of red. If the amount of cyanidin is reduced, one might produce a pink 

plant, as is the case with ‘Princettia’. However, to produce a blue or purple colour, a different 

anthocyanin, delphinidin-3-glucoside (in short: delphinidin), is possibly required. This 

pigment has been reported in poinsettia, but in low quantities (Slatnar et al. 2013). There have 

been attempts of artificially colouring the bracts to create purple, but the colour turned out to 

be a dirty brownish purple, which was not very attractive (Hvoslef-Eide pers. comm.). A 

possible solution is to introduce a gene coding for the enzyme Flavonoid 3’5’ Hydroxylase 

(F3’5’H) through genetic transformation. This enzyme causes a shift in the anthocyanin 

biosynthesis, producing delphinidin instead of cyanidin (Figure 1).  

Agrobacterium-mediated transformation is well understood, with protocols described for a 

number of plants, including poinsettia (Clarke et al. 2008). The major obstacle with this 

method is the relatively low frequency of positive transformations, or the number of plants 

successfully transformed of the total start material. This generally low frequency means a lot 

of plant material goes to waste (Clough & Bent 1998; Gelvin 2003). In poinsettia, there is 
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another obstacle, namely that the self-branching habit of modern cultivars is due to a 

pathogenic phytoplasma (Lee et al. 1997). Poinsettias derived from tissue culture through 

somatic embryogenesis will lose this important self-branching ability (Preil 1991) and the 

plants have to be re-infected with the phytoplasma (Clarke et al. 2011) to obtain this desired 

self-branching characteristic.  

Agrobacterium-mediated transformation is the most common way of transforming plants, and 

is based on a natural gene transfer system found in Agrobacterium tftumefaciens (Bevan 1984). 

In nature, A. tumefaciens will infect dicotyledonous plants to produce crown-gall disease by 

transferring genes coding for crown-gall into the plant (Hoekema et al. 1983; Stachel & Nester 

1986). This is done by a virulence region (vir-region) located in a tumour inducing plasmid (Ti-

plasmid) in the Agrobacterium. During infections, this region transfers DNA (t-DNA) to the 

plant, which randomly incorporates into the plants nuclear DNA, causing the formation of 

tumours (De Groot et al. 1998). This is exploited in genetic transformations, by replacing the 

genes coding for crown-gall disease with genes coding for the trait(s) of interest, while leaving 

the vir-region intact (Gelvin 2003). The gene(s) of interest can either be inserted directly into 

the Ti-plasmid or placed in a separate plasmid (binary vector) (Hoekema et al. 1983). As the 

Agrobacterium is responsible for the gene transfer, this is considered an indirect method of 

plant transformation.  

There are also direct methods of transforming plants, meaning that naked DNA is introduced 

directly into the plant. Of the direct transformation techniques, the particle gun is the most 

common. However, this method has traditionally had the same problem as Agrobacterium-

mediated transformation: Low transformation efficiency (Finer & McMullen 1991; Travella 

et al. 2005), though this has improved a lot in later years (Bhattacharyya et al. 2015). In 

addition, there is often a problem with high copy numbers (Cheng et al. 2000; Travella et al. 

2005), which can cause unintentional gene silencing (Reddy et al. 2003). 

Another, less used method for direct transformations is transformation by electrophoresis. The 

method was originally described as a method of transformation on germinating barley 

(Hordeum vulgare) seeds (Ahokas 1989). It has later been utilised for transformations in 

several different plants, resulting inter alia in transient gene expression in ornamentals (Burchi 

et al. 1995) and stable gene expression in orchids (Griesbach & Hammond 1992; Griesbach 

1994). In poinsettia, electrophoresis has resulted in a strong transient expression, however a 

stable expression verified by Southern Blot has yet to be achieved (Clarke et al. 2006; Vik et 

al. 2000; Vik 2003). 
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Electrophoresis utilises a low current electricity to create a  flow through the plant cell walls 

and cell membranes, allowing DNA to enter the plant (Dekeyser et al. 1990). The transient 

transformation rates when using this method has been reported to be as high as 25% to 35% 

(Vik et al. 2000; Vik 2003), making the success rate far superior to that of both 

Agrobacterium-mediated transformation and the particle gun. However, this method is still to 

be verified using Southern blotting, and thus more experimental than the other techniques. 

This project will utilise both Agrobacterium-mediated transformation and transformation by 

electrophoresis to transform poinsettia. The study questions are: 

1.  Is it possible to transform poinsettia using Agrobacterium-mediated transformation or 

transformation by electrophoresis to produce plants with blue or purple bracts? 

2. Given that transformations are successful in both methods, which method is better 

suited for further transformations in poinsettia? 
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2. Methods 

2.1 Plant material 

The plant material used in transformations was Euphórbia pulchérrima, poinsettia ‘Early 

Prestige’. Established mother plants were used to produce cuttings. Both cuttings and mother 

plants were kept under long day conditions (23°C, 18 h of light). The cuttings were 

transferred to larger pots after rooting (approximately 3-5 weeks), and kept until side shoots 

were 1-2 cm.  

When cultivating poinsettia, day length is of great concern (Kristoffersen 1968). Under long 

day conditions, the plants will stay in a vegetative state. This will allow the plants to grow and 

produce shoots. However, they will stay green. If transferred to short day conditions (23°C, 

12 hours of light), they will be initiated to start flowering instead. This will first lead to a 

colour change in the bracts while the buds are emerging.  

 

2.2 Gene of interest 

The gene of interest is a cDNA clone derived from petunia (Petunia x hybrida) and codes for 

the enzyme flavonoid 3’5'-hydroxylase (F3’5’H), and corresponds to the hf1 loci. This 

enzyme is responsible for shifting the anthocyanin biosynthesis pathway from 

dihydroquercetin and dihydrokaempferol towards dihydromyricetin (Holton & Tanaka 1994). 

This leads to a synthesis of a Delphinidin-3-glucoside instead of the normally produced 

Cyanidin-3-glucoside (Figure 1). Both delphinidin and cyanidin are anthocyanins responsible 

for colour in plants (Tanaka et al. 2008). However, cyanidin produces a red to pink colour, 

while delphinidin produces a blue to purple colour (Tanaka et al. 1998). Insertion of the 

F’3’5’H gene should therefore shift the colour of the bracts towards a blueish colour, as the 

precursors to “red” are shifted towards “blue”. 
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Agrobacterium tumefaciens strain GV3101 and Escherichia coli strain DH5α were kindly 

provided by Ingo Appelhagen in Cathy Martin’s lab (John Innes Centre, Norwich, England). 

Both strains included the plasmid pJAM1983. The pJAM1983 plasmid contains the petunia 

F3’5’H gene and two times cauliflower mosaic virus (CaMV) 35S promotor in a pBIN19 

backbone (Figure 2). 

The plasmid contains a NPTII gene coding for kanamycin resistance (de Vries & 

Wackernagel 1998; Mazodier et al. 1985), which allows both strains of bacteria to be grown 

on a lysogeny broth (LB) medium (Bertani 1951)(Appendix II) containing kanamycin.  

The additional plasmids will normally be a disadvantage for the bacterium, as it will use 

additional resources to replicate the plasmid (Patrick 2014). Adding kanamycin resistance to 

the plasmid, as well as adding kanamycin to the nutrient media, creates a selection pressure, 

where the kanamycin works as a selection agent. This prevents loss of plasmid mutations 

Figure 1: The anthocyanin biosynthesis pathway. Enzymes involved in the 

synthesis of anthocyanin 3-glucosides are: CHS, chalcone synthase; CHI, 

chalcone isomerase; F3H, flavanone 3-hǇdroǆǇlase; F3’H, flaǀonoid 3’-
hǇdroǆǇlase; F3’5’H, flaǀonoid 3’,5’-hydroxylase; DFR, dihydroflavonol 4-

reductase; 3GT, UDP-glucose: flavonoid 3-O-glycosyltransferase. Taken from 

Holton and Tanaka (1994). 
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(Valvekens et al. 1988), as the bacterium will die without the kanamycin resistance in a 

kanamycin-containing medium.  

 In addition to pJAM1983, the A.tumefaciens strain contains a Ti-plasmid (Appelhagen, 

Pers.Comm). This contains vir-genes responsible for transformations, as well as resistance to 

the antibiotic gentamycin. As such, the LB medium used for A.tumefaciens also contained 

gentamycin. 

 

2.3 Regenerating bacteria from stab cultures 

Stab cultures of both bacterial strains were brought from England. These were used to make 

new liquid cultures, which were transferred to agar plates to produce fresh, single colonies. 

Fresh colonies were used to produce glycerol stocks for backup, stored at - 80°C. 

Figure 2: The plasmid pJAM1983 containing 2x CaMV 35s promotor and gene coding for F3’5’H 

derived from petunia. The plasmid also contains a resistance for kanamycin (NPTII). This plasmid 

is present in both the E.coli strain and the A.tumefaciens strain, and is used as a vector for both  

transformation techniques. 
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E.coli strains were grown on agar plates to produce single colonies. Single colonies were used 

for starter cultures in 5 ml LB medium and incubated at 37°C and 300 rpm for 6-8 hours. The 

starter cultures were then diluted 1/100 or 1/200 into 100 ml LB medium and grown for 16 – 

18 hours. Kanamycin (50µg/ml) was used for selection in every stage. 

 A.tumefaciens was grown on agar plates to produce single colonies. These were used to 

produce starter cultures in 5 ml LB medium, and incubated at 28°C and approximately 200 

rpm for 6-8 hours. Starter cultures were diluted 1/100 or 1/200 depending on growth. Cultures 

of 100 ml were then grown for 36-48 hours, until the optical density (OD600) was between 0.6 

and 0.9.  This OD corresponds to the bacterial logarithmical phase, when the growth rate and 

availability of “healthy” or good quality bacteria is highest. Kanamycin (25µg/ml) and 

gentamycin (50µg/ml) was used for selection in every stage. 

 

2.4 Transformation by electrophoresis 

2.4.1 Plasmid isolation 

Plasmid DNA was isolated from E.coli using Qiagen plasmid midi kit, Qiafilter maxi kit and 

Genomed JetQuick plasmid miniprep spin kit. The plasmid isolation was performed according 

to the kit handbooks (Appendix Ia-c), where GG buffer (Appendix II) was chosen as the final 

dilutant. The plasmid yield was then determined by using Nanodrop ND-1000 Spectrometer.  

The plasmid DNA precipitated due to poor DNA yield from the plasmid isolation. Sodium 

acetate was added to the DNA samples to adjust the salt concentration. Isopropanol was then 

added and mixed, before centrifuging at 15000 x g for 20 minutes at 4°C. A pellet was 

formed, and the supernatant was decanted.  The pellet was then washed in 70% ethanol before 

a new centrifugation at 15000 for 10 minutes at 4°C. After air-drying for a few minutes, the 

pellet was re-dissolved in 1/10th of the original amount of GG-buffer. The new yield was 

again determined by Nanodrop ND-1000 Spectrometer.   

2.4.2 Casting of pipette tips 

DNA from plasmid isolation was used to make pipette tips prior to electrophoresis. Agarose 

(1%) was added to GG buffer, and used to make a layer in the lower end of the pipette. DNA 

was then added as a second layer (Table 1), and a larger amount of GG buffer with agarose 

was added as a third layer. There was some mixing of the layers, but the DNA was located 

towards the lower half of the pipette. 
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2.4.3 Electrophoresis transformation 

New cuttings were rooted and transferred to larger pots, before being pinched to produce side 

shoots suitable for electrophoresis transformation. Transformations were carried out when the 

plant had three to five healthy shoots of approximately 1-2 cm. Poinsettia meristems were 

exposed under a binocular, removing the small leaves surrounding the meristem carefully 

with a needle. A pipette tip containing plasmid DNA and a silver thread was placed over the 

top of the exposed meristem with great care to ensure good contact and no damage to the 

meristem. The silver thread was connected to the negative electrode of a power supply, while 

the positive electrode was placed in the soil, close to the plant stem (Figure 3). Both 

electrodes were connected to a power supply set to 10 minutes, 50V and 1W.  

 

 

An electrical current will open the pores in the cell walls and membranes (Dekeyser et al. 

1990), allowing the negatively charged DNA to travel towards the positive pole, into the plant 

cells. If successful, this will facilitate incorporation of the foreign DNA into the nuclear DNA, 

leading to positive transformation of new shoots. 

When using electrophoresis, there is a risk of completely frying the cells of the exposed area 

of the plants, thereby killing the material. To prevent this, the electrical current is kept within 

a range of 40 to 70 mA, with a preferred value of 50 mA (Bakke & Gjerde 1998). As it is 

Figure 3: Diagram of the electrophoresis transformation system for in vivo DNA transfer. From Vik (2003) 
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impossible to set the power supply to a specific amperage level, the voltage was adjusted 

instead, and the current is kept for 8 to 10 minutes (Appendix IV). In this project, 42 shoots 

from 13 different plants were transformed using four different pipette tips (A-D) with DNA 

(Table 1). 

Table 1: Overview of number of shoots on each plant and pipette tip used for transformation by electrophoresis, as well as 

the concentration of plasmid DNA in the pipette tips. 

 

As a control, seven shoots were “transformed” using pipette tips with GG-buffer and agarose, 

but without DNA. In addition, three other shoots had their meristems carefully exposed, but 

were not “transformed” as further negative controls.   

2.4.4 Greenhouse conditions for putative transformants 

Transformed plants were kept under a plastic tent under long day conditions for 2-4 days to 

prevent the exposed meristems from drying out. When the shoots were strong enough (i.e. had 

grown to a suitable size), they were used as new cuttings. These were rooted, and some were 

transferred to short day conditions and kept until the colour of the bracts developed. In an 

attempt to prevent chimeras, the remaining rooted cuttings were grown until new shoots were 

large enough to produce new cuttings. The hope was that these new cuttings would consist 

Pipette tip used 

Concentration of DNA in 

DNA layer (ng/µl) Plant  Shoots per plant 

A 221 

1 4 

2 3 

3 2 

4 2 

B 241 

5 2 

6 3 

7 2 

C 256 
8 2 

9 4 

D 245 

10 4 

11 5 

12 4 

13 5 

Total  13 42 
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exclusively of transformed plant cells. These new cuttings were rooted and transferred to the 

short day conditions until coloured bracts developed.  

Bract colour developed after approximately 6-8 weeks. The colours were planned to be 

determined by a ColorStriker True Color machine. However, the new device was dead on 

arrival and was not returned in time from the supplier to be used for this project. As such, the 

colours had to be visually determined instead.  

2.5 Agrobacterium-mediated transformation 

The A.tumefaciens strain GV3101 was used for transformations (Appelhagen, Pers. Comm). 

This strain contains a binary plasmid containing the T-DNA region, as well as a Ti-plasmid 

containing the vir-region (Koncz & Schell 1986).  Transformations were performed on six 

different occasions, marked experiment A-F (Table 2).  

2.5.1 Sterilization of plant material 

Fresh shoots were collected and sterilized prior to transformation, to avoid infections. This 

was done in three steps: First, the shoots were put in 70% ethanol for 1 minute, then 1% 

Sodium hypochlorite (NaOCl) (with 3 drops of Tween20) for 5 minutes, before finally 

washing in autoclaved RO-water for 3, 10 and 20 minutes (based on Bakke and Gjerde 

(1998); Østerud (2013)). There were slight variations to the washing in different experiments 

(Table 2). Cutting the segments in half was an attempt to obtain cultures free from 

endogenous microorganisms 

Following the sterilization, the meristem was excised and each segment was cut into small 

discs of around 1.5- 2 mm width.  
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Table 2: Sterilization techniques and number of shoot discs used in each of the experiments for Agrobacterium-mediated 

transformation. One wash consists of five steps: 1. 70% ethanol for 1 minute 2. 1% NaOCL (+ 3 drops of Tween20) 3.-5. 

Autoclaved RO-water for 3, 10 or 20 minutes respectively. Discs used as a control are not included in the table. 

Experiment Method of disinfection Transformed discs 

A Single wash 113 

B Single wash 210 

C Single wash 192 

D Segments cut in half,  

then single wash 

480 

E Single wash, then cut in half and another wash 380 

F Double wash 192 

Total  1567 

 

2.5.2 Agrobacterium-mediated transformation 

The A.tumefaciens grown to the correct OD was transferred to 50 ml centrifuge tubes. These 

were centrifuged at 18°C and 2700 RPM for 10 minutes. The supernatant was disposed of, 

and the pellet re-suspended in 20 ml MS-II. This step was followed by another centrifugation 

at 18°C and 2850 RPM for 5 minutes. The supernatant was once again disposed of, and the 

pellet re-suspended in 8 ml MS-II.  

The bacteria suspensions (16ml) were transferred to 5 cm petri dishes. These were then filled 

with the sterilized shoot discs, and placed on a shaker for five minutes. After five minutes of 

infections, the segments were dried on sterile filter paper, placed on petri dishes containing 

callus induction (CI) medium (Appendix II) and incubated in a dark growth chamber at 23°C 

for three days for co-cultivation. This medium did not contain any selection, and allowed 

A.tumefaciens to continue its infections. 

As a control, approximately 20-40 stem discs were collected from each experiment following 

sterilisation (not included in Table 2). These were not transformed by A.tumefaciens, but 

rather put in petri dishes with MS-II medium for five minutes. The nutrient media used for 

controls did not contain selection, but the controls were otherwise treated the same way as the 

transformed shoots discs. 

2.5.3 Callus formation, maintenance and somatic embryogenesis 

After three days of incubation, the putatively transformed poinsettia discs were transferred to 

new petri dishes containing CI medium with selection to prevent growth of negatively 
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transformed plants (kanamycin 50 mg/ml) and overgrowth of A.tumefaciens (Cefotaxim 500 

mg/l).  The dishes were placed in a growth chamber with 25°C and a light intensity of 27 

mMs-1m-2. The discs were to be transferred to fresh agar plates every three weeks. However, 

because of massive amounts of infection, the discs were inspected as often as every day and 

infections were removed upon sight. This was a necessity, as an infection would cover most 

of a plate within a week. The infections were mainly caused by fungi, but bacterial infections 

also occurred. 

The shoot discs were transferred to somatic embryo induction (SEI) medium (Appendix II) 

after callus appeared. The growth room conditions were the same as earlier, and the discs 

were moved to fresh plates every three weeks.  

Cultures were moved to somatic embryo maturation (SEM) medium (Appendix II) when early 

stage somatic embryos were visible, and kept there until small leaves were clearly visible. 

Shoots were then moved to a rooting induction (RI) medium (Appendix II).  

 

2.6 Verification of stable genetic variants 

2.6.1 Primers 

Primers were designed using Primer3 software (http://www.bioinformatics.nl/cgi-

bin/primer3/primer3_www.cgi). Different primers were designed to verify insertion of 

plasmid DNA (Table 3).  

Table 3: Primers used for PCR to verify stable transformants. Two of the primers cover the transition from promotor to gene, 

while the other two promotors only cover the gene area. These primer sets were used to verify putatively transformed plants 

from both Agrobacterium-mediated transformation and transformation by electrophoresis.  

Primer 

number 

Primer 

region Left primer Right primer 

Fragment 

length (BP) 

1 35’S + 

PhF3’5’H 

cgcacaatcccactatcctt ctagctcattggcacgaaca 599 

2 35S + 

PhF3’5’H 

ttcgcaagacccttcctcta aggcttttccccctagcata 545 

3 PhF3’5’H caaatgttcgtgccaatgag tcaaaatggcagggttcttc 537 

4 PhF3’5’H acctaatgcaggtgccactc ctggtttccccttacgttca 503 

 

http://www.bioinformatics.nl/cgi-bin/primer3/primer3_www.cgi
http://www.bioinformatics.nl/cgi-bin/primer3/primer3_www.cgi
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2.6.2 Verification by PCR 

Transgenic lines were verified by PCR. Young, inner leaves from six transformed poinsettia 

plants showing slight colour differences, one green transformed poinsettia that had not yet 

developed any colour, and one control plant, were collected. 

The leaves were put in 2 ml tubes containing a tungsten bead, and immediately frozen in 

liquid nitrogen. Leaves were crushed to a fine powder using Retsch MM301 TissueLyser set 

to 25 hz for 40 seconds. DNA was then isolated using DNEasy plant mini kit from Qiagen 

(Appendix Id). Final dilutions were either 2x 100 µl (as stated in the kit) or 40µl for a 

significantly higher DNA concentration in the final samples. 

Isolated DNA (1µl) was added to 1X PCR master mix (Appendix II), to a total volume of 

10µl. The program used for PCR is in Table 4. 

Table 4: The steps used for the PCR for verification of putatively transformed poinsettia after both Agrobacterium-mediated 

transformation and transformation by electrophoresis. 

 

PCR products were analysed by gel electrophoresis on a 1% agarose gel containing GelRed 

(Appendix II). The electrophoresis was run for approximately 40 minutes at 90 volt. The 

DNA was visualised using ImageLab version 5.0 and BioRad ChemiDoc MP.  

2.6.3 pH in poinsettia 

The pH in poinsettia was determined in order to decide if this influenced the visual readings 

of the bracts. First, the white sap from a leaf was tested using litmus paper. Second, bract and 

stem was crushed to a fine powder (as in 2.6.2), and a few drops of tap water (pH 6.3) was 

added to make a liquid. The pH was determined using a Thermo Electron Corporation Orion 

420A+ pH-meter. 

Step Temperature Time (min:sec) 

Initial denaturation 94°C 10:00 

Denaturation 94°C 00:10 

Primer annealing 60°C 00:20 

Extension 72°C 01:00 

Cycle to step 2 for 34 times - - 

Final extension 72°C 10:00 

Cooling 4°C Forever 
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3. Results 

3.1 Rate of transformations 

Unfortunately, no positive transformations were found during the time scale of this master 

project. Some plants in the greenhouse seemed to have a slightly darker red colour than the 

control plants upon visual inspection. However, screening by PCR gave negative results on 

every sample except the positive control (plasmid DNA). This was true for all primer sets, as 

shown in Figure 4. 

 

  

Figure 4: Results after gel electrophoresis of PCR products from poinsettia. Top left: Primer 1 Top right: Primer 2 Bottom Left. 

Primer 3 Bottom Right: Primer 4. Samples from left to right: Primer 1+3: 1kb ladder, positive control, negative control, shoot 

5.1, 4.3.1, 1.1, Control plant 1 and 100 bp ladder. Primer 2+4:  1kb ladder, positive control, negative control, shoot E1, 10.1, 

2.1.1, 4.11 and 100 bp ladder. E1 is a regenerated plant from Agrobacterium-mediated transformation, Control 1 is an 

untransformed plant, while the remaining shoots are from transformation by electrophoresis. 
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3.2 Infection rates in tissue cultures 

Different sterilization methods were used in each experiment (Table 2) prior to 

Agrobacterium-mediated transformations to determine the optimal conditions for removing 

the infections, without killing the plant tissue. However, every experiment had several 

infections, including both fungi and bacteria, on the nutrient media (Figure 5). This resulted in 

a major loss of potentially transformed plant material, and happened prior to callus formation. 

The rate of infection, as well as the amount of plant segments developing callus is shown in 

Table 5. All these infections were found during the establishment of cultures and not after 

callus had formed, indicating proper sterile working habits and conditions. 

Table 5: Number of shoot discs infected by bacteria or fungi, as well as number of callus derived from shoot discs after 

Agrobacterium-mediated transformations, for all six transformation occasions (experiment A-F). The percentage infected is 

calculated from total transformed shoot discs in each experiment. The percentage callus is estimated from the surviving 

(non-infected) shoot discs in each experiment. The sterilization varied between experiments; A-C= single wash, D= Segments 

cut in half, then single wash, E = Single wash, then cut in half and another wash, F = Double wash 

Experiment Transformed Infected 

Percentage 

infected Callus 

Percentage 

callus 

A 113 110 97% 0 0 

B 210 130 62% 19 38% 

C 192 144 75% 0 0 

D 480 256 53% 89 40% 

E 380 280 74% 33 33% 

F 192 163 85% 0 0 

Total 1567 1083 69% 141 29% 

 

The control segments had approximately the same amounts of infection (data not included), 

but seemed to develop faster than the transformed shoots, and developed into a brownish 

callus. However, the development seemed to stop after approximately two months. 
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3.3 Somatic embryos  

Shoots and somatic embryos developed from different plant segments (Figure 6), resulting in 

different clones (Table 6). Only one plant was completely regenerated during the timeframe 

of this project. Unfortunately, the PCR results of this plant were negative (Figure 4), 

indicating an escape.  

Table 6: After Agrobacterium-mediated transformations, only three of the six experiments produced somatic embryos (SE). 

The table shows the amount of callus producing SE, number of SE observed and the number of SE developing further into 

plantlets. Results from the different sterilisation methods have been pooled. 

Experiment Somatic embryos 

Callus producing 

somatic embryos 

Plantlets placed on 

rooting medium 

B 7 4 3 

D 10 4 6 

E 13 5 5 

Total 30 13 14 

 

 

 

 

Figure 5: Infections on stem discs after Agrobacterium-mediated transformation. Left: Fungal overgrowth after four days on a fresh 

nutrient (CI) medium (1 month after transformation) (scale bar 3 cm) Right. A single stem disc (circled) covered by a bacterial 

overgrowth (9 days after transformation) (scale bar 3 cm). 
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3.4 DNA yield from plasmid isolations 

The DNA used in the electrophoresis experiments originated from E.coli containing the 

plasmid of interest. Due to low DNA yields, different kits had to be tested to extract DNA, 

with major differences in yield compared to the stated maximum yield of each kit (Appendix 

III). Qiafilter maxi kit gave the worst results, with a yield of approximately 2.8% of the 

theoretical maximum. Qiagen plasmid midi kit and Genomed JetQuick plasmid miniprep spin 

kit, provided slightly better yields compared to the specified amount, at 3.4% and 3.2% 

respectively.  

Figure 6: Left: The first developed shoot after Agrobacterium-mediated transformation, as seen through a binocular 

(Four months after transformation) (bar 0.1mm) Right: A regenerated shoot on rooting medium, almost nine months 

after Agrobacterium-mediated transformation (bar 1 cm) 
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3.5 Visual differences after Electrophoresis 

Putatively transformed poinsettias started flowering and developed bract colour after 6-8 

weeks under short day condition, and can be achieved in roughly three months after 

transformation (Figure 7). Some of the plants transformed by electrophoresis appeared to have 

a slightly different colour when compared to control plants. This was mainly apparent on the 

smallest, still expanding inner bracts, which had a slightly deeper shade of red than the 

equivalent bracts on the control plants. However, the differences were so small that a visual 

reading would be subjective and will therefore be considered as a lack of colour change. An 

objective difference in colour could have been obtained by using a ColorStricker instrument. 

However, this was not possible as there were no functioning instrument available at the time. 

 

Figure 7: A selection of poinsettias after transformation by electrophoresis. Both putatively transformed plants and control 

plants developed a red bract colour. 
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3.6 pH in poinsettia 

The sap did not succeed in changing the colour of the litmus paper. The liquid mixture of 

crushed poinsettia leaf and shoot and tap water gave a pH of approximately 5.5-5.6, slightly 

lower than the tap water (pH 6.3).  
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4. Discussion 

An ideal transformation system needs to be extremely efficient, simple to perform, 

inexpensive, genotype-independent, and give the required expression of the transgene 

(Harwood 2012). Considerable progress has been achieved for many transformation systems. 

However, genotype dependency often slows down progress in recalcitrant species. Being able 

to avoid cell- and tissue cultures is therefore potentially an advantage in transformation 

systems. Agrobacterium-mediated transformation is a well-established patented method, but 

requires cell- or tissue culture for obtaining putative transformants. Involving cell- and tissue 

culture can have its advantages and disadvantages. The main disadvantage is that regeneration 

protocols are frequently very genotype specific (Harwood 2012; Somers et al. 2003). 

Secondly, cell-and tissue culture protocols are lengthy processes with many steps, and it 

frequently takes from 6-12 months to regenerate putative transformants. Often, the easiest 

genotype to transform and regenerate is one that is of no commercial interest whatsoever. The 

advantage of using Agrobacterium and a cell- and tissue culture protocol is 1) the regenerated 

plant can be a solid transformant, depending on regeneration method; 2) the selection process 

in vitro is the most efficient selection method there is (Hvoslef-Eide & Vik 2000). 

The transformation by electrophoresis, on the other hand, requires no cell-or tissue culture, as 

the buds can be transformed on the plant. This obviously makes the method genotype 

independent, a much sought-after feature. However, the large drawback is that the selection 

process is obscured since the plant produced will have buds with independent transformation 

events and is a very complicated chimera. These chimera plants needs sorting out, using well-

known horticultural methods, unfamiliar to the molecular biologists. Ornamental breeders 

have been doing this for centuries, carefully taking care of novel colours appearing in side 

shoots and cultivating the plants to obtain side shoots from that particular section of the plant.  

Both methods mentioned above were used in this master project in an attempt to produce 

poinsettias with purple or blueish bracts by the introduction of the F3’5’H gene from petunia. 

The attempt was to alter the anthocyanin pathway, which may cause an accumulation of the 

pigment delphinidin while reducing the amount of cyanidin. This would introduce more blue 

pigments in the bracts.  

Agrobacterium-mediated transformations were performed on roughly 1500 explants, divided 

into six different experiments labelled A-F (Table 2). Transformation by electrophoresis was 
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performed on a total of 42 meristems from 13 different poinsettia plants of the same cultivar 

‘Early Prestige’ (Appendix IV).  

Poinsettia has previously been transformed using both methods, in which Agrobacterium-

mediated transformations resulted in more compact poinsettias (Islam et al. 2013) and 

resistance to Poinsettia mosaic virus (Clarke et al. 2008), while the transformations by 

electrophoresis resulted in both GUS (Vik et al. 2000) and GFP expression (Clarke et al. 

2008; Hvoslef-Eide et al. unpublished). There has even been an attempt to produce a 

poinsettia with purple bracts at an earlier occasion, by the insertion of F3’5’H from Petunia 

using electrophoresis (Vik 2003). This is very similar to what has been attempted in this 

master project, although the plasmid and the subsequent DNA concentration used varied. 

Contrary to the plasmid used in my project, Vik’s plasmid lacked a promotor. This is likely 

the reason why Vik’s attempt did not produce poinsettias with the desired colour, even though 

some plants showed a slight tone variation in the bract colour when compared to a control 

plant. A positive transformation was confirmed by Vik (2003) using PCR analysis. These 

results were of great encouragement during my project, as a transformation with a promotor is 

likely to give larger differences than observed by Vik (2003). 

Actual change of colour due to F’3’5H has been observed in a number of other plants, 

including roses (Rosa hybrid), carnations (Dianthus caryophyllus) and chrysanthemum 

(Chrysanthemum (Dendranthema)x morifolium) (Sasaki & Nakayama 2015). All of these 

plants were transformed by Agrobacterium-mediated transformation. The success in previous 

projects further improved the likelihood of success in this master project, as the manipulation 

of the anthocyanin pathway actually seem to be effective.  

In this project, neither Agrobacterium-mediated transformation nor transformation by 

electrophoresis produced positively transformed poinsettia plants within the timeframe of the 

project. Possible reasons for this will be discussed in the following sections. 

4.1 Cell culture infections during Agrobacterium transformations 

Both bacterial and fungal infections were observed after Agrobacterium-mediated 

transformation.  This dramatically reduced the amount of plant material, which affected the 

potential for positively transformed plants.  

The observed infections in experiment A led to an adjustment of the sterilisation protocol 

from Bakke and Gjerde (1998) and Østerud (2013). Different sterilization steps were 
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attempted (Table 2) to overcome the problem of infections. Still, roughly 70% of the 

transformed plants had to be discarded due to severe infections (Table 5). This infection rate 

is significantly higher than expected, although a similar number was reported in the first two 

experiments done by Clarke et al. (2008).  Other experiments using poinsettias cell cultures 

have also reported both bacterial (Bakke & Gjerde 1998) and fungal infections (Østerud 

2013).  

One possible explanation for the infections is that bacteria and fungi have survived the mild 

surface sterilisation. The original protocol for sterilising poinsettia segments uses 3% NaOCL 

for 10 minutes (Preil, Walter 1994), whereas in this project, the plant material was sterilized 

in 1% NaOCL for 5 minutes, with some modifications between experiments (Table 2). This 

reduction in time and concentration was done based on the works of Bakke and Gjerde 

(1998). They experimented with different combinations of concentration and time-intervals, 

to find the right balance between plant-stress and plant-infections. Since plants are exposed to 

additional stress during Agrobacterium-mediated transformations, stress caused by 

sterilization should be kept at a minimum, while still preventing infections. As damage to the 

plant material reduces its ability to regenerate and form cell cultures, this is crucial when 

performing Agrobacterium-mediated transformations. Bakke and Gjerde (1998) found the rate 

of infection when using 1% NaOCL for 3 minutes to be roughly equal to that obtained when 

using 3% NaOCL for 10 minutes, indicating that a more gentle sterilization can be equally 

effective. Islam et al. (2013) used 1% NaOCL for 10 minutes when sterilising poinsettia, and 

did not report any infections at all. Based on this, the sterilization methods used in this project 

should have been sufficient to keep the rate of infection to a minimum. However, the 

condition under which the mother plants are grown and how they are watered have been 

shown to greatly influence both in vitro cultures and daughter plants (Hvoslef-Eide 1991a; 

Hvoslef-Eide 1991b). This could cause higher infection potential and may explain some of the 

increased infection rates. While plants are normally watered from above in a greenhouse 

production, mother plants for in vitro cultures should be watered carefully by hand, directly 

into the pot. There has been a change in personnel in the greenhouses and they have possibly 

not been told the importance of careful watering to mother plants. Still, it is likely that at least 

some of the infections were not caused by poor surface sterilization, but rather by internal 

microbes. These infections were likely those which appeared later in the initiation process.  
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Internal microbes, or endophytes (Strobel & Daisy 2003), are known to be present in woody 

plants, possibly due to a mutually beneficial relationship with the host plant (Carroll 1988; 

Carroll & Carroll 1978). There have even been reports of endophytes promoting adventitious 

root formation of poinsettia cuttings (Druege et al. 2007). As such, some of the observed 

infections may be due to endophytes that originally were neutral, beneficial or symbiotic with 

the poinsettia. When the shoot discs where placed on rich nutrient media, this symbiosis may 

have become redundant for the endophytes, as the media provided easy access to nutrients. 

This could cause endophytes to break with the symbiosis and expand faster than normal, 

leading to infection.  

Endophytic fungi seem to be the cause of most of the fungal infections observed. Had the 

infections originated from external sources, one would expect infections to establish on either 

the nutrient media or along the stem, and spread to exposed plant cells. This was not the case 

here, as most fungal infections appeared as single colonies isolated at the cut sites (Figure 8), 

indicating an internal origin. Of course, this may have been the result of surviving spores, 

though this is less likely, as this phenomenon was observed on several different shoot discs.  

 

Some of the bacterial infections observed appeared shortly after the shoot discs were moved 

to CI media with cefotaxim as selection against A.tumefaciens. The occurrence of infections 

on media with selection may indicate that some of the A.tumefaciens survived in refugia on 

the plant material, avoiding the selection agent. This seems likely, as most of the bacterial 

infections on media with selection seemed to originate from parts of the plant material not in 

Figure 8: Fungi infection on shoot disc after Agrobacterium-mediated transformation. Left: Infection compared to the disc (bar 
2mm). Right: Close up of infection (bar 2mm). Photos by Tone Melby. 
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contact with the nutrient media. The media would then provide the plant material with 

nutrients, indirectly feeding the surviving A.tumefaciens and causing an overgrowth. 

However, the selection used should have been able to kill all A.tumefaciens (Okkels & 

Pedersen 1987), indicating that some of the bacterial infections may have been of endophytic 

origin. Several endophytic bacterial strains have been isolated from poinsettia (Zheng et al. 

2008), some of which may also be present in our ‘Early Prestige’ mother plants. 

None of the infections were analysed any further, mostly because it was beyond the scope of 

the investigation. However, this could be an interesting project for further studies, as lowering 

the infection rate will provide a greater amount of usable plant material. Still, the most 

efficient is way to prevent infections is probably to apply the measures of watering mother 

plants directly into the pots and not from above. Watering from above may cause a drainage 

of infections onto the buds used as explants, as suggested by Hvoslef-Eide (1991a; 1991b). 

4.2 Transformation by Electrophoresis  

When we had to close this project, no blue or purple bracts could yet be observed. The lack of 

positive results from the electrophoresis transformations may have been caused by a number 

of factors. One possible explanation is that the amounts of DNA used during the 

transformations were simply too low. Other electrophoresis experiments have used a DNA 

concentration of 1 mg/ml in the pipette tips (Bakke & Gjerde 1998) (Vik 2003). This is 

roughly 4 to 5 times the concentration used in this project (Table 1). Experiments on 

transformation by electroporation, a similar method to electrophoresis utilizing a much higher 

voltage, have found that the DNA concentration linearly increases the transformation 

efficiency (Klöti et al. 1993). Most likely, this relation also exists when using electrophoresis. 

The low DNA concentrations used in this project was due to extremely low plasmid yields 

from E.coli, probably caused by the plasmids low copy number. When the bacteria strains 

(E.coli and A.tumefaciens) were provided from the John Innes Centre, both strains were said 

to include the plasmid pJAM1983. Due to a misunderstanding, we believed that pJAM1983 

was based on a pDONR207 vector. pDONR207 has a high copy number in E.coli due to its 

pUC origin of replication (Invitrogen 2003; Qiagen), and would have been well suited to 

produce high amounts of the gene of interest prior to electrophoresis. However, multiple DNA 

extraction kits resulted in extremely low DNA yields. In an effort to explain this, a BLAST 

(Zhang et al. 2000) comparison of pJAM1983 with several commonly used binary vectors in 

Agrobacterium-mediated transformations (Komori et al. 2007) was performed. The 
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comparison revealed a 100% match with a 79% cover with pBIN19 (Appendix V), 

confirming this as the actual backbone for pJAM1983. pBIN19 would be a logical backbone 

in pJAM1983, as the provided A.tumefaciens strain used in this project was previously 

utilized to transform tobacco (Nicotiana tabacum) plants at the John Innes Centre 

(Appelhagen Pers. Comm.).  

The BLAST results imposed that the pDONR207 was actually used as an entry vector to 

transfer the gene of interest into a pBIN19 backbone, where the 21% not covered by pBIN19 

is the insert (2x35S promotor and the F3’5’H gene). However, pBIN19 is known to be 

unstable (McBride & Summerfelt 1990) and has very low plasmid yields in E.coli (van 

Engelen et al. 1995). This is likely the reason for the low yields when compared to theoretical 

kit values, resulting in a low concentration of plasmid DNA in the pipette tips used for 

electrophoresis. This discovery was made too late to repeat these experiments in the time 

available for this master project.  

4.3 The source of F3’5’H 

The use of genetic engineering to obtain a bluish petal colour has been successful in a number 

of plants, including carnations, roses and chrysanthemums (Sasaki & Nakayama 2015; 

Tanaka et al. 1998). The blueish colour is obtained by inserting a gene coding for F3’5’H, 

causing an accumulation of delphinidin when expressed. The source of the F3’5’H gene has 

varied between experiments.  

In this project F3’5’H derived from petunia was used in transformations of poinsettia. This is 

the same source as was used to create a mauve coloured carnation ‘Moondust’. As mauve is a 

very light purple, it might be that this gene source is not optimal in creating the desired deep 

purple colour of Advent. As such, pansy (Viola wittrockiana) may have been a better-suited 

source for transforming poinsettia. F3’5’H derived from pansy was used to obtain a darker, 

more purple coloured carnation, ‘Moonshadow’, as well as blue varieties of rose and 

chrysanthemum (summarized in Sasaki and Nakayama (2015)), indicating its ability to create 

the desired blue/purple colour.  

Even though several different sources of the F3’5’H gene have proven successful in 

transforming plants, this has not always been the case. As an example, a transgenic 

chrysanthemum failed to produce a blue colour, due to a lack of accumulation of delphinidin 

in the petals (He et al. 2013) A possible explanation for the lack of desired colour change is 
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said to be due to the unstable and unpredictable expression levels of delphinidin (Noda et al. 

2013). As such, low accumulation of delphinidin may cause putatively transformed 

poinsettias to appear untransformed. In addition, some gene sources appear to be more 

compatible with certain host plants than others. F3’5’H derived from petunia was successful 

when creating ‘Moondust’, while it did not provide the desired colour in chrysanthemum (Seo 

et al. 2007). This indicates that different combinations of gene source and host plant may have 

an effect on transformation success to obtain certain shades. 

4.4 Anthocyanin expression and pH  

Although all our poinsettias appear to have red bracts, there is still a possibility that some of 

the plants are actually transformed. A possible explanation for this is that that the colours 

produced by anthocyanin is largely connected to pH, as suggested by Willstätter and Everest 

as early as 1913 (as referenced by Sasaki and Nakayama (2015)). Anthocyanin will appear to 

be bluer at an alkaline pH, red at an acidic pH, while neutral or weakly acidic solutions will 

be purple (Asen 1976; Yoshida et al. 2009). Studies on hydrangea (Hydrangea macrophylla) 

has shown that a vascular pH of around 3 will give a red colour, while a pH around 4 will give 

a blue colour (Yoshida et al. 2003; Yoshida et al. 2009). When creating the blue rose, several 

hundred rose cultivars were screened, and cultivars with a higher vacuole pH was selected for 

transformation (Katsumoto et al. 2007). This was done as the pH of the vacuoles proved to be 

of a great concern for the final colour (Katsumoto et al. 2007; Tanaka et al. 2009). This 

indicates that the pH could also be of great importance in poinsettia, possibly causing 

transformed plants to appear red instead of blue. As such, the pH has to be taken into 

consideration when transforming plants. 

When the researchers discovered that the expression of the blue colour in roses were very 

unstable and was pH-dependant (Yoshida et al. 2009), they needed to add genes for alteration 

of pH to the constructs to obtain the desired results. We checked the pH of the poinsettia sap 

to ensure that we did not run into the same problem. The sap of poinsettia turned out to have a 

pH between 5.5-5.6 and hence no bearing on the expression of delphinidin in poinsettia. 

4.5 Comparison of methods 

No transformed plants were verified, from neither Agrobacterium-mediated transformation 

nor transformation by electrophoresis, making it difficult to decide on a preferred method 
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based on transformation efficiency. Still, both methods have major advantages and flaws 

when used to transform poinsettia. 

The main reason to use Agrobacterium-mediated transformation is that the method is well 

established, and has been used successfully in poinsettia. Previously, the method has been 

used to produce more compact plants (Islam et al. 2013) and to introduce hairpin RNA 

constructs to poinsettia (Clarke et al. 2008).Still, the method relies on tissue cultures, which 

requires a regeneration protocol and often is highly genotype dependant (Harwood 2012). In 

this master project, the cultivar used for transformations differs from the cultivars previously 

used (Clarke et al. 2008; Vik 2003). As such, part of the reason for not obtaining positive 

transformants within the timeframe could be due to the cultivar, as cultivars differ in 

genotype. Tissue cultures also entails a risk of infections and loss of explants. Infections were 

a major problem in this project.  In addition, time-consuming development of tissue cultures 

and somatic embryogenesis is needed to regenerate transformed plants. The timeframe for an 

Agrobacterium-mediated transformation proved to be much longer than the published time 

(Clarke et al. 2008). In our hands, the timeframe is more likely to be 18 months, rather than 

the 6 months indicated. A technician working on Clarkes projects later said that it took closer 

to two years before positive plants were regenerated (Haugslien Pers. Comm.) 

Transformation by electrophoresis is a far less established and more experimental method. 

One reason for this could be that the method is not patented and hence no commercial 

company is promoting it the same way as Agrobacterium and the particle gun has been 

promoted (Hvoslef-Eide, Pers. Comm.) There are few protocols available, and experiments 

will feature more trial and error than using a published protocol for poinsettia transformation 

with Agrobacterium. Still, the method uses naked DNA, with no need for neither sterile 

conditions upon transformations nor tissue culture for regenerating of plants, which means 

that the method is completely genotype independent. However, selection for transformed 

plants is more difficult when using electrophoresis. In Agrobacterium-mediated 

transformation, selection is used to prevent the development of cell cultures of untransformed 

plants. Since electrophoresis does not rely on cell cultures, there is no easy way to select for 

transformed shoots. As a result, one will either have to screen every transformed plant or 

develop a good method for selecting the shoots in the greenhouse. A protocol for selection 

would have to be developed, and could possibly be achieved by including a herbicide 

resistance to the t-DNA. This way, several cuttings from an experiment could be sprayed and 

selected at the same time. The ability to make cuttings and produce new shoots without the 
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use of tissue cultures is also less time consuming. Poinsettias transformed by electrophoresis 

can start flowering roughly three months after transformation, while it is estimated that a 

poinsettia from Agrobacterium-mediated transformation will need at least a year due to the 

tissue culture. 

In this project, Agrobacterium-mediated transformation had one major advantage over 

electrophoresis. The plasmid present in both A.tumefaciens and E.coli, pJAM1983, contains 

the gene of interest in a pBIN19 backbone (Figure 2). This is not surprising, as pBIN19 is one 

of the most commonly used binary vectors for Agrobacterium-mediated transformations 

(Bevan 1984; van Engelen et al. 1995) . However, pBIN19 has a very low copy number in 

E.coli (Lee & Gelvin 2008). This leads to few plasmids per bacterium cell, and inefficient 

isolation of plasmids (Goldsborough et al. 1998). However, this also results in to the 

electrophoresis being performed with a lot less plasmid DNA than intended. This may 

account for the negative results using electrophoresis, as previously mentioned.  

At the time of concluding this project, neither method seems to provide positive results. 

However, the Agrobacterium-mediated transformation may still prove successful, as only one 

plant developed fast enough to regenerate within the timeframe of the project. Several somatic 

embryos and shoots are still developing, and may still provide positive results given enough 

time. 

When comparing the methods, Agrobacterium-mediated transformation is the safer choice 

when transforming poinsettia. Still, electrophoresis shows a lot of potential, and may be a 

superior option if the method is further developed and optimized. 
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5. Future work 

Though no stable transformants were observed within the timeframe of this master project, 

several problems were uncovered and overcome, increasing the chances of future success. In 

the following section possible solutions will be discussed, both in terms of future work on this 

particular project, and in hopes of providing insight to other similar projects.  

 

5.1 Agrobacterium-mediated transformations 

As made clear by Table 5, the greatest challenge when working with Agrobacterium-mediated 

transformation and tissue culture, has been to keep infections from spreading. The amount of 

infections may be lowered by careful watering of mother plants, and possibly by choice of 

cultivar. A different cultivar may also influence the time needed for regeneration of putatively 

transformed plants. Future projects should consider this when deciding on the amount and 

type of start material. The choice of cultivar for this project was chosen on the basis of the 

most used cultivar at the time, not with regards to regeneration efficiency. 

In addition, regeneration of transformed plants has taken longer than expected, and this should 

be planned for in future projects. We based our decision on published protocols and did not 

engage in a discussion with the authors until later. In this project, positively transformed 

plants may still appear, as several somatic embryos and shoots are developing. As such, the 

current Agrobacterium-mediated transformation experiments should be finished by 

regenerating as many plants as possible.  

 

5.2 Transformation by Electrophoresis 

The discussion proved that there might be several reasons why the plants transformed by 

electrophoresis have not obtained the desired results, with a visual colour difference of the 

bracts. There is a possibility that some plants are putative transformants without this being 

visible. As such, a large screening by PCR is necessary to determine whether this is the case.  

If the screening does not provide any positive transformants, then the possibilities for further 

transformation experiments are many: 
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1. A higher concentration of plasmid DNA in the pipette tips. 

Previous studies ((Bakke & Gjerde 1998; Vik 2003) used a concentration close to five 

times what is used in this project (Table 1) . Genetic transformations largely rely on 

chance, and a higher concentration of DNA should increase the chances of a 

successful transformation. 

2. Linearize the plasmid prior to transformation using restriction enzymes. 

Plasmids are circular, while the nuclear genome of a plant appears linear. A 

linearization of the plasmid prior to transformation may prevent the promotor or gene 

of interest from being damaged upon transformation and also make it easier for the 

linearized plasmid to enter the cells. 

3. Use restriction enzymes to isolate the gene of interest with promotor, while excluding 

the rest of the plasmid.  

This would be a time consuming task, however, it might increase the likelihood of a 

successful transformation, as the amount of DNA expected to be taken up by the plant 

is much smaller. Transformation rates in bacteria have been shown to be higher when 

using smaller plasmids compared to larger plasmids (Hanahan 1983). This approach 

would also remove the selection marker (kanamycin resistance) prior to 

transformations, which would be a major advantage, as kanamycin cannot be used for 

selection after electrophoresis transformation in any case. In addition, resistance to 

antibiotics is a major concern in Norway and in the European Union, and producing a 

genetically modified plant without antibiotic resistance would have a higher chance of 

being approved by the Competent Authorities.  

4. Use a marker gene, like GUS or GFP, to explore the method has already been done, 

but the verifications failed at that time too, even if the transformants were clearly 

visible.  Still, transforming poinsettias with a marker gene is most likely easier than 

altering the colour of the bracts. As such, it could be used again to better understand 

the techniques, prior to further experiments with gene(s) of interest. 

Considering the amount of efforts put into Agrobacterium and the particle gun, more efforts 

should be put in future experiments to develop better protocols for transformation by 

electrophoresis, thereby making the method more reliable.  
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5.3 Plasmid 

During the project, it was discovered that the plasmid present in both E.coli and 

A.tumefaciens, pJAM1983, was based on a pBIN19 backbone. If we were to start again today, 

we would change the backbone, and move the insert to a new plasmid.  

In Agrobacterium-mediated transformations, changing to a more modern plasmid like pGreen 

(Hellens et al. 2000) would probably increase the transformation efficiency due to its smaller 

size. 

In transformation by electrophoresis, changing the plasmid would most likely have an even 

greater effect. In the current vector, the copy number in E.coli is very low, with only 7-10 

copies per bacterial cell. As such, large amounts of E.coli is needed to isolate the necessary 

amounts of DNA. With a high copy plasmid, such as a pUC vector (copy number 500-700 in 

E.coli) (Qiagen), one would only need to grow 2% of the current amount of E.coli to obtain 

the desired DNA level. This could have a major impact, as more time can be used to perform 

actual transformations. It would also be possible to achieve DNA concentrations of 1mg/ml in 

the pipette tips used for electrophoresis, as was used in previous experiments. Higher 

concentrations are shown to be extremely beneficial for transformation efficiency (Klöti et al. 

1993). 
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6. Conclusions 

Neither Agrobacterium-mediated transformation nor transformation by electrophoresis 

produced poinsettias with blue/purple coloured bracts within the timeframe of this project. 

Consequently, it was not possible to decide on a more effective or preferred method, although 

several advantages and flaws were uncovered. At present time, Agrobacterium-mediated 

transformation, being the best-tested method, may seem to have the largest potential. 

However, with further trials and development of proper protocols, transformation by 

electrophoresis has the potential to be a much more efficient method of transforming 

poinsettias.  
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Appendix I – Protocols 

Plasmid DNA containing the gene of interest had to be harvested prior to transformation by 

electrophoresis. Three different kits (appendix 1a-c) was used in order to determine if poor 

plasmid yields were due to the kits or the plasmid itself. GG-buffer was used for the final 

DNA elution step, and volumes varied from 50µl (Genomed Jetquick Plasmid Miniprep), 

100µl (Qiagen Plasmid Midi Kit) and 500µl (QIAfilter Plasmid Maxi Kit) 

DNeasy plant mini kit (Appendix 1d) was used in order to isolate DNA from putatively 

transformed plants from both methods, prior to screening for transformation by PCR. 

 

Appendix Ia – Genomed Jetquick Plasmid Miniprep 
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Appendix Ib – QIAGEN Plasmid Midi Kit 
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Appendix Ic – QIAfilter Plasmid Maxi Kit 
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Appendix Id – DNeasy plant mini kit 
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Appendix II – Nutrient media and other solutions 

Nutrient media used for explants following Agobacterium-mediated transformations. Based 

on Preil, Walter (1994), but the rooting induction medium was changed. The RI medium was 

based on “Hormon free MS medium” from Clarke et al. (2008)  as they could not report any 

significant advantage over a rooting induction medium with hormones. Standard MS medium 

with hormones bought in 1x jars were used for basal formulation. 

pH was adjusted to 5.7-5.8 for all media. 

 

Medium name Basal formulation Sucrose Hormones Gelrite Selection 

Callus induction (CI) Full strength MS 3 % 0.2 mg/l CPA 
0.2 mg/l BAP 

0.35g/l 500 mg/l 
Cefotaxim* 
10 mg/l 
Kanamycin* 

Somatic embryo 
induction (SEI) 

Full strength MS 3 % 0.3 mg/l NAA 
0.15 mg/l 2iP 

0.35g/l 500 mg/l 
Cefotaxim* 
10 mg/l 
Kanamycin* 

Somatic embryo 
maturation (SEM) 

Full strength MS 3 % 0.05 mg/l 
BAP   
No auxin 

0.35g/l 500 mg/l 
Cefotaxim* 
10 mg/l 
Kanamycin* 

Rooting induction 
(RI) 

Full strength MS 2 % No hormones 0.35g/l No selection 

CPA = (4-Chlorophenoxy)acetic acid, BAP = 6-Benzylaminopurine, NAA = 1-Naphthaleneacetic 

acid, 2iP= 2-Isopentenyl adenine, MS = Murashige and Skoog (1962) 

* Callus inducing medium without selection was used for co-cultivation, and control shoot discs were 

grown on medium without selection. 

GG-buffer 

The GG-buffer was used to store DNA after final elution of plasmid purification. It was also 

used (with 1% agarose) in pipette tips for transformation by electrophoresis. 

Ingredient Concentration 

Glucine 50 mM 
Glutamine 70 mM 
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LB medium  

 Lysogeny Broth (LB) medium (Bertani 1951) was used for cultivation of both E.coli and 

A.tumefaciens. 

 

 

 

* Agar was added in when the LB medium was used on petri dishes. 

 

MS-II 

MS-II was used as a washing medium prior to Agrobacterium-mediated transformations, to 

remove traces of LB medium from bacterial cultivation. 

Ingredient Concentration  

MS Full strength (1 jar/l) 
Sucrose 20 g/l (2%)  

 

TBE buffer and 1% agarose gel 

5X Tris-Borate-EDTA (TBE) buffer was made as a stock, and used in 1X concentrations for 

gel electrophoresis.  

Ingredient Concentration  

Tris 54g/l 
Boric acid 27.5 g/l 
EDTA 0.5M 20ml/l 

 

For 1% agarose gels, 1% agarose and 2µl GelRed was added to 1X TBE buffer.  

PCR master mix 

A 10X PCR master mix was made prior to PCR.  This consisted of:  

Ingredient Concentration  

dNTP 2mM 
Left primer 2mM 
Right primer 2mM 
TaqPolymerase 1 unit 
Buffer 10X 1 x 

RNAse free dH2O Fill to 90µl 

 

1 µl template DNA was added to 1X PCR master mix prior to PCR.  

Ingredient Concentration  

Tryptone 10 g/l 
NaCl 10 g/l 
Yeast extract  5 g/l 
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Appendix III – Plasmid Isolation data 

This section shows the raw data from plasmid isolation prior to transformation by 

electrophoresis.  

Qiagen plasmid midi kit: 

Sample  

ID 
DNA  
(Ng/ul) 

1 53,41 

2 21,26 

3 43,36 

4 43,72 

5 22,84 

6 21,53 

7 27,73 

8 29,13 

Average 34.12 

 

Genomed Jetquick plasmid miniprep:  

 

 

Sample 

ID 
DNA 
(ng/ul) 

Sample 

ID 
DNA 
(ng/ul) 

1 30,34 20 27,03 

2 29,54 21 24,61 

3 52,51 22 26,12 

4 40,45 23 22,8 

5 48,63 24 22,54 

6 50,13 25 31,9 

7 50,55 26 43,03 

8 31,87 27 47,53 

9 19,58 28 40,24 

10 30,49 29 22,15 

11 18,93 30 52,96 

12 27,85 31 46,4 

13 36,77 32 44,75 

14 25,36 33 0,68 

15 24,45 34 52,09 

16 29,69 35 43,57 

17 16,24 Average 32.3 

18 -4,21   

19 22,98   

Max kit yield: 100 µg   Final elution volume: 100 µl 

Average plasmid yield = Average consentration * elution volume =  

   34.12 ng/µl * 100 µl = 3412 ng = 3.412 µg   

Yield percentage = average yield/max yield = 3.412 µg/ 100 µg = 

             0.03412 = 3.4% 

Max kit yield: 50 µg     

Final elution volume: 50 µl 

Average plasmid yield = 32.3 

Average consentration * elution volume = 

32.3 ng/µl * 50 µl = 1615 ng = 1.615 µg   

Yield percentage = average yield/max yield =  

1.615 µg/ 50 µg = 0.0323 = 3.2 % 
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Qiafilter Plasmid Maxi Kit: 

Sample  

ID 
DNA  
(Ng/ul) 

1 21,64 

2 30,73 

3 30,34 

4 29,54 

Average 28,06 

 

Due to low plasmid yields using all kits, the samples were combined and precipitated to 

increase concentration. New concentrations are shown below. 

 

 

 

 

  

Sample ID DNA (ng/ul) Used in pipette tip 

1 220,93 Pipette A 
2 241,13 Pipette B 
3 256,23 Pipette C 
4 245,3 Pipette D 
5 280,02 Positive Control during PCR 
7 245,45 Not used 
8 287,86 Not used 
9 321,3 Not used 
10 205,98 Not used 
11 233,55 Not used 
12 326,22 Not used 

Max kit yield: 500             Final elution volume: 500 µl 

Average plasmid yield = Average consentration * elution volume =  

   28.06 ng/µl * 500 µl = 14030 ng = 14.03 µg   

Yield percentage = average yield/max yield = 14.03 µg/ 500 µg = 

          0.028 = 2.8% 
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Appendix IV – Electrophoresis data 

Complete overview of data from transformation by electrophoresis. The ampere (start) 

decreased rapidly, and were closer to the ampere stop for most of the time. 

 

Date Plant no. 

Pipette 

tip 

Shoot 

no.  Volt 
Time 
(minutes) 

Ampere 

(mA) start 

Ampere 

(mA) stop 

02.12.14 1 A 1.1 60 10 0.80 0.70 
   1.2 60 8 0.78 0.68 
   1.3 65 10 0.76 0.68 
   1.4 65 8 0.79 0.68 
 2 A 2.1 50 10 0.75 0.58 
   2.2 50 9 0.66 0.58 
   2.3 50 10 0.69 0.61 
03.12.14 3 A 3.1 50 8 0.68 0.57 
   3.2 50 8 0.58 0.54 
 4 A 4.1 45 9 0.54 0.47 
   4.2 45 10 0.50 0.46 
04.12.14 5 B 5.1 60 10 0.42 0.33 
   5.2 60 10 0.53 0.45 
 6 B 6.1 50 10 0.55 0.50 
   6.2 50 10 0.69 0.54 
   6.3 40 10 0.61 0.34 
 7 B 7.1 40 8 0.55 0.43 
   7.2 40 10 0.54 0.45 
09.01.15 8 C 8.1 40 10 0.50 0.46 
   8.2 35 8 0.57 0.52 
 9 C 9.1 40 10 0.53 0.42 
   9.2 50 10 0.55 0.48 
   9.3 50 10 0.59 0.52 
   9.4 40 10 0.47 0.44 
12.01.15 10 D 10.1 40 9 0.60 0.53 
   10.2 40 8 0.59 0.47 
   10.3 40 9 0.62 0.53 
   10.4 40 10 0.63 0.57 
 11 D 11.1 40 10 0.47 0.37 
   11.2 50 10 0.57 0.48 
   11.3 50 9 0.57 0.47 
   11.4 50 10 0.46 0.36 
   11.5 60 10 0.57 0.48 
13.01.15 12 D 12.1 50 8 0.55 0.49 
   12.2 40 10 0.49 0.41 
   12.3 55 8 0.57 0.50 
   12.4 45 10 0.58 0.46 
 13 D 13.1 50 10 0.54 0.43 
   13.2 45 10 0.57 0.50 
   13.3 45 8 0.63 0.52 
   13.4 45 10 0.59 0.48 
   13.5 45 10 0.54 0.43 

Total  13 4 42     
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Appendix V – BLAST result 

The plasmid pJAM1983 was compared to common binary vectors using BLAST (Version 

BLASTN 2.2.32+, run date 30/7.15) to determine the plasmid backbone. A 100% identity was 

achieved with pBIN19, indicating that this is the backbone used for pJAM1983. The query 

cover is 79%, where the remaining 21% corresponds to the gene insert (Figure 2) 
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