
Since potato  has a largely tetraploid genome, potato mutants are 
difficult to generate. With the development of activation-tagged lines, 
dominant gain-of-function mutants can be developed and thus the 
potential to form mutants in complex plant genomes is greatly increased 
(1). In contrast to T-DNA insertions that are designed to interrupt gene 
expression, the activation-tagging technique is suitable for tetraploid 
genomes like potato, since gene activation results in a dominant
phenotype.
By activation-tagging, strong promoters such as cauliflower mosaic virus 
35S promoter are transformed into the plant genome by Agrobacterium-
mediated transformation (2).Insertion of these strong promoters activates 
genes adjacent to the promoter resulting in overexpression of the genes 
and phenotypic expression of a gain-of-function mutant for that gene. 
Based on the phenotypic identification of an activation-tagged line, the 
corresponding gene can be isolated by standard PCR techniques due to 
the presence of a known sequence within the activation construct.
This work describes the generation of activation-tagged lines in potato 
(Solanum tuberosum; cv. Bintje) by transformation and is part of the 
Canadian Potato Genome Project. 
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The vectors pSKI015 and pSKI074 carrying the Ti plasmid of interest 
were  transformed into Agrobacterium tumefasciens by electroporation. 
The activation-tagged lines contained four 35S enhancer genes as well as 
genes for antibiotic resistance in the T-DNA region.The transformed 
colonies were selected by growing them on ampicilli n-containing 
medium. Transformed cultures from 2-day old plate of Agrobacterium
were used for infection of potato explants.
Stem explants were dipped in Infection medium (2) and incubated for 2 
days in MSMO medium (3) containing growth hormones for co-
cultivation. The explants were rinsed in water containing claforan and 
transferred to selection medium containing the antibiotic, kanamycin to 
select for transformed cells and shoots and to regenerate complete 
transformed plantlets in culture. 
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GENERATION OF ACTIVATION-TAGGED MUTANT LINES OF CULTIVATED POTATO

 ! "# $% &' # ! "# $% &' #

The objective of the Canadian Potato Genome project is to produce 
10,000 activation-tagged lines for mutant studies by 2005. Thus 
experiments to establish a genetic transformation system in potato with 
high efficiency for regeneration and stable integration of the gene 
construct are being carried out. 

Transformed bacterial colonies were subjected to PCR analysis (4) prior to 
infection of explants and also after 2 days of co-cultivation in the medium. 
Colony PCR of the bacterial colonies was carried out using primers (1) that 
amplify the 450 bp amplicon for the pSKI074 plasmid (Fig 2A). Total DNA 
of transformed plantlets was extracted (4) and also subjected to PCR using 
the same primers to confirm the presence of the plasmid in the transformed 
plant (Fig 2B).  

Figure 2. A : PCR of transformed 
Agrobacterium colonies showing amplification at 
450 bp indicating the presence of plasmid 
pSKI074. Lanes 1-5 indicate transformed 
colonies and lane 6 shows 100 bp marker. B: 
PCR of transformed plantlets showing similar 
amplification at 450 bp. Lanes 1-5 indicate 
transformed plantlets, lane 6 shows 100 bp 
marker and lane 7 shows control plant.
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Other culture conditions such as preculture of explants in media with 
hormones prior to infection with the bacteria (6) have also shown to improve 
the regeneration of transformed shoots. The  shoot-buds show rooting within 
3-5 days on transfer to medium without hormones (2) producing complete 
plantlets (Fig 3C). Some of these transformed plantlets have shown abnormal 
phenotypes, one of which produces pink coloration in the medium (Fig 3D) 

Figure 3. A and B: Regeneration of shoot-buds from stem explants 
in cultivar Bintje. C: Complete transformed plantlet with roots. D: 
Transformed regenerant showing pink coloration in the medium. 

Table 2. Effect of different hormone combinations on transformation efficiency 9: ;< => ?@ AB @ C@ < D
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Table 1.Regeneration response in different explants and cultivars
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Five different cultivars of potato, viz. Superior, Bintje, Atlantic, Russet 
Burbank and Shepody were tested for their callusing and regeneration 
ability. Both stem and leaf explants were used and different hormone 
combinations with the growth hormones, NAA, IAA, 2,4-D and zeatin
were tested for in vitro response. The conditions showing best regeneration 
in the shortest time were selected.   

OP Q P R PS T U VW R X UY Z V P[
Hormone                    Minimum days     % transformed    % transformed   #transformed
combinations               for response             callus      shoots                  plants

IAA+ t-zeatin                   5 weeks              50.4                    31.2              15
NAA+ t-zeatin                  8 weeks              82                       25.8              9  
2,4-D+zeatin riboside       8 weeks              88                       42   17

From Table 1, it was seen that the cultivar Bintje showed the best response 
for regeneration of shoots although callusing is better in cultivars Shepody
and Superior. Bintje forms less callus, but the callus is greeen and nodular 
and shows good potential for regeneration (Figs 3A and B). Also the stem 
explants gave better regeneration response than leaf. 

Table 2 shows that the combination of IAA and t-zeatin gives good 
regeneration of transformed shoots in the minimum time. Also regeneration 
occurs with a minimal callus phase, so there are less chances of somaclonal
variation. The other two hormone combinations reported previously (2,5)  
show more callusing and take a longer time to regenerate shoots.
Moreover, many of the shoot-buds fail to undergo rooting.

Figure 1. The plasmid pSKI074 showing four 
35 S enhancers, r ight (RB) and left (LB) T-
DNA borders, restr iction sites for cloning and 
npt-II gene as selective marker. 
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Future Work:
1. Following production of transgenic lines, plants will be will be screened 
and advanced to T2 generation to avoid phenotypes caused by somaclonal
variation.
2. Seed tubers will be stored in a stable repository for future screenings of 
relevant  phenotypes.
3. Analysis of phenotypic characters of all mutant transgenic lines and 
establishment of a phenotype database.
4. Serve as a global resource for identification of potato genes based on 
function.   

Cv.                       % Callusing response      %  Regeneration 
response  

Stem              Leaf             Stem          Leaf
Superior                   65.2              0                 25                 0
Bintje                       29.5            23.4              45.5           16.6
Atlantic                    33.5            13.3                0               10
Shepody                   93.7            37.5               20      0 
Russet Burbank        37.5           12.5   25              10
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