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Abstract 
 

The aim of the present study was to produce marker-free transgenic potato resistant to PVY by 
using a construct generating self-complementary hairpin RNAs. The method has two steps: 1) 
establishing a robust protocol for the genetic transformation of economically important cultivars of 
potato by using gfp and nptII genes; 2) applying the protocol for the transfer of marker-free hairpin 
construct and analysis of transgenic plants by PCR. In the first step internodes were transformed by 
Agrobacterium tumefaciens LBA4404 with pHB2892 construct. Kanamycin, visual screening of GFP, 
PCR of nptII and gfp as well as RT-PCR and Southern blotting of gfp and Northern blotting of nptII 
were used for transgenic plant selection. Good regeneration and transformation efficiency were 
obtained for the cvs. Baltica and Désirée while the cvs. Agave and Delikat showed lower figures. In the 
second step A. tumefaciens with construct: 35SCaMV enhancer and promoter, two repeated inverted 
PVY-CP sequences separated by an intron and pAnos terminator was used. Regenerated plants without 
selection, were analysed by PCR using primers in the: 35S promoter, promoter and hairpin region, or 
in both repeated PVY-CP sequences. A large number of transgenic plants were identified for the most 
responsive cv. Baltica (17 out of 33) and Désirée (23 out of 66), but only 1 for the cv. Agave (out of 3) 
and none for the cv. Delikat. This simple two-step strategy might be applied to generate marker-free 
transgenic plants in other cvs. or plant species. 

 
Keywords: Agrobacterium-mediated transformation, green fluorescent protein –gfp, nptII, potato commercial 
cultivars;  
 
Introduction 
 

Potato, as the fourth most important crop in the world and a food security crop, has 
been an important target for genetic improvement through both classical and biotechnological 
approaches. In vitro culture and recombinant DNA technologies are available to complement 
conventional breeding, seed multiplication and disease control. Although potato was one of 
the first crops to be transformed by Agrobacterium tumefaciens (Stiekema et al., 1988; 
Sheerman and Bevan 1988) and transgenic plants have been generated in several potato 
cultivars (Heeres et al., 2002), the efficiency of plant regeneration is low and very much 
dependent on plant genotype. Novel gene sequencing, cloning and insertion, as well as 
functional genomic, are tools that will benefit potato improvement through reliable 
transformation protocols for economically important cultivars. Moreover, refinement of 
transformation by means of a visible reporter gene such as gfp (green fluorescent protein) 
should prove useful in transferring genes of interest without the need for selectable marker 
genes, such as those for antibiotic resistance, since the latter raise public concerns, 
particularly in Europe (Halford, 2004). 
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The aim of the present study was to establish a simple strategy to generate marker-free 
transgenic potato resistant to PVY by using a construct generating self-complementary hairpin 
RNAs (Bukovinszki et al., 2007). The strategy has two steps:  

1) Establishing a robust protocol for the genetic transformation of economically 
important cultivars of potato by using reporter gfp and selection marker nptII genes; 

2)  Applying the method for best responsive cultivars to transfer marker-free hairpin 
construct and analysis of transgenic plants by PCR. 

 
Materials and methods 
 
I - Agrobacterium tumefaciens-mediated transformation of economically important 
cultivars of potato by using gfp and nptII genes The tetraploid cultivars ‘Désirée’ (used as 
reference), ‘Agave’ and ‘Delikat’ (Norika, Gross Lüsewitz, Germany) and ‘Baltica’ (Saka-
Ragis-Pflanzenzucht, Saka-Ragis, Germany), were propagated in vitro on semi-solid MS-
based medium (Murashige and Skoog, 1962) enriched with 1.15 g L-1 NH4NO3 (designed 
MS.5). Generally, for transformation internodes from 4 weeks old in vitro grown plants of 
tetraploid cvs. were inoculated with A. tumefaciens LBA4404 harbouring pHB2892 (provided 
by G. Hahne and J. Molinier). Plasmid HB2892 contains the s-gfp gene, under the control of a 
double CaMV 35S promoter, adjacent to the left T-DNA border and the nos-nptII-nos 
selectable marker gene next to the right T-DNA border (Fig. 1; Molinier et al. 2000).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic representation of the T-DNA of pHB2892 with gfp and nptII genes (Molinier et al., 2000). 
 

The maintenance of bacteria, co-cultivation of explants with bacteria and culture of 
stem and leaf explants, were as described by Kumar (1995). Since LSR1 followed by LSR2 
culture media (Kumar, 1995) induced limited shoot regeneration from tetraploid cvs., MS-
based medium with 16 g L-1 glucose, 0.5 mg L-1 folic acid, 0.05 mg L-1 biotin, 40 mg L-1 
adenine, 0.02 mg L-1 GA3, 0.02 mg L-1 NAA, 2.0 mg L-1 zeatin riboside, and 0.75% (w/v) 
agar at pH 5.8 (designed MS-t medium) was assessed. Agrobacterium growth was controlled 
by addition of 250 mg L-1 cefotaxime (Claforan; Hoechst-Roussel Pharmaceuticals, Frankfurt, 
Germany) to the culture medium with or without 50 mg L-1 kanamycin (Sigma-Aldrich, 
Poole, UK). Comparative experiments were undertaken with permanent kanamycin selection 
or with the elimination of kanamycin from the medium after 5 weeks of culture. Uninoculated 
explants were cultured in the same way as explants inoculated with Agrobacterium. Cultures 
were maintained at 22 ± 2oC with a 16 h photoperiod (90 μmol m-2 s-1, Daylight fluorescent 
illumination). 

Media with 50 mg L-1 kanamycin, visual screening of GFP under epifluorescent 
microscopy (Olympus CK-2), PCR of nptII and gfp as well as RT-PCR and Southern blotting 
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of gfp and Northern blotting of nptII were used for transgenic plant selection and analysis 
(Rakosy-Tican et al, 2007). 
 
II - Applying the best method for the transfer of marker-free PVY CP hairpin construct and 
analysis of transgenic plants by PCR: In the second step A. tumefaciens CC5588CC11  ppGGVV22226600  
with the construct ppRRGGGG  YYCCPPiiPPCCYY  ((35SCaMV enhancer and promoter, two repeated 
inverted PVY-CP sequences separated by an intron and pAnos terminator) was used for 
transformation (Fig. 2).  
 
 
 
 
 
 
 
 
Fig. 2. Schematic representation of marker-free PVY CP hairpin construct - ppRRGGGG  YYCCPPiiPPCCYY (Balasz and 
Palkovics). 
 
For plant regeneration, after Agrobacterium transformation, following the same protocol as in 
part 1, MSt medium was used without selection on kanamycin. Regenerated plants were 
analysed by PCR using two primers for: 35S promoter regions; promoter and hairpin region; 
both repeated PVY-CP sequences (Fig.2). 
 
Results 
 
I - Agrobacterium tumefaciens-mediated transformation of economically important 
cultivars of potato by using gfp and nptII genes 
 
Although transformation efficiency was dependent on plant genotype, all genotypes were 
transformed and regenerated shoots expressed constitutively gfp fluorescence.  
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Fig.3. Example of polar regeneration of shoots and callus on internodes of the cvs. 'Baltica' (A,B) and Désirée 
(C,D) after 4 weeks of culture on MS-t medium. A and C - polar regeneration in explants not inoculated with 
Agrobacterium, showing shoots at the apical pole and callus at the root pole. B and D - callus development at the 
root pole and first developing shoots (arrowed) at the apical pole of an explant on kanamycin selection, 
following co-cultivation with A. tumefaciens LBA4404 pHB2892. Shoot regeneration is delayed after 
Agrobacterium co-cultivation. (Bars = 1cm). 
 

The tetraploid cvs. showed polarity of regeneration from stem internodes, with shoots 
developing at the apical pole and callus at the basal end, but Agrobacterium infected 
internodes always had a delay of shoot regeneration, as illustrated for the cvs. 'Baltica' and 
'Désirée' (Fig. 3). 
All tetraploid cultivars showed optimum transformation efficiency on MS-t medium (Fig. 4). 
The most regenerated shoots were obtained for the cv. ‘Baltica’ (Fig. 4), which showed no 
significant difference in the percentage of gfp expressing shoots under permanent kanamycin 
selection, or when kanamycin was eliminated from the medium after 5 weeks (Fig.5). The 
cvs. ‘Désirée’ and ‘Agave’ regenerated most shoots per explants when kanamycin selection 
was not applied after 5 weeks of culture (Fig.4). The percentage of gfp expressing shoots was 
for all cvs. and, particularly for the ones showing poor shoot regeneration (‘Delikat’ and 
‘Agave’), always better under permanent kanamycin selection (Fig. 4 and 5). 
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Fig. 4.The efficiency of regeneration (shoots per explant) in different potato cultivars: Control = media without 
kanamycin; A1 = continuous kanamycin selection (50 mg L-1); A2 = kanammycin selection for the first 5 weeks. 
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A quite high percentage (25 –100%) of regenerated shoots did not express gfp, and 
some chimeras were observed in tetraploid cultivars, as described in a previous publication 
(Rakosy-Tican et al., 2007). Chimeras were identified in the cv. ‘Désirée’, with low gfp 
expression in a secondary shoot; in the cv. ‘Delikat’, a plant was generated with a green 
fluorescent stem and meristem, but no GFP in the young leaves (Rakosy-Tican et al., 2007). 
NptII and gfp primers amplified 261 and 497 bp regions of the respective genes. Molecular 
analysis of four chimeric clones of the cv. 'Delikat', showed that all plants had integrated the 
nptII gene, as shown by PCR amplification (Fig. 8). Northern analysis revealed that nptII 
expression was less in the chimeric clone T3 as compared to the transgenic clone T4 of the cv. 
'Delikat' (Fig. 7). 

PCR amplification and RT-PCR analysis confirmed the integration and expression of 
the gfp gene in all the clones classified as transgenic by visual screening of green 
fluorescence, and the absence of gfp in the clones exhibiting the red autofluorescence of 
chlorophyll, considered as escapes (Figs. 6, 8 and 9). The integration of both nptII and gfp 
transgenes in all putative transgenic clones exhibiting green fluorescence was confirmed by 
PCR. Neither gfp nor nptII were detected by PCR analysis in controls or escapes. 

In conclusion, a gfp reporter–nptII marker system was used to optimise genetic 
transformation of tetraploid potato genotypes with good results and allowed better evaluation 
of transformation efficiency as well as number of escapes or chimeras. 
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Fig. 5. Percent of regenerated plants expressing gfp constitutively, depending on potato genotype and kanamycin 
selection (A1 –permanent selection; A2 – selection on kanamycin the first 5 weeks) 

 
 

 
 

Fig. 6. PCR profiles generated using nptII primers for transgenic clones and their respective control. M = 100 bp 
ladder; C0 = negative control (water); C+ = positive control (pHB2892) for nptII gene; T1-T4, T5-T6, T7 and T8 
= clones of cvs. Delikat, Désirée, Baltica and Agave expressing gfp; C1-C5 = DNA from non-transgenic plants 
of cvs. Agave, Delikat, Baltica (2) and Désirée, respectively. 
 

M C0 C+ T1 T2 T3 T4 T5 T6 T7 T8 C1 C2 C3 C4 C5
261bp 
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Fig. 7. Northen blot analysis of transgenic clones. T1, T2 =  cv. 'Agave' expressing gfp; C1 = non-transgenic 
clone of the cv. 'Agave'; T3 = chimeric clone partially expressing gfp of the cv. 'Delikat'; T4 = transgenic clone 
expressing gfp of the cv. 'Delikat'. 
 
 

 
 
Fig. 8. PCR profiles generated using gfp primers for transgenic clones and their respective controls. M = 100 bp. 
ladder; C+ = positive control (pHB 2892) for gfp; C0 = negative control (water); C1-C5 = non-transgenic clones 
of the cvs. Agave, Delikat, Baltica, Désirée and the dihaploid 178/10, respectively; R1 = clone of the cv. Baltica 
not expressing gfp; transgenic clones expressing gfp of the cvs. Agave (T1, T2), Delikat (T3, T4), Baltica (T5 - 
T7), Désirée (T8) and the dihaploid 178/10 (T9); T10 - T13 = chimeras of the cv. Delikat 
 
 

 
Fig. 9. RT-PCR profiles generated using gfp primers for transgenic clones and their respective controls. M = 100 
bp. ladder; C0 = negative control (water); C+ = positive control (pHB 2892) for gfp; C1 = non-transgenic clone 
of the cv. Agave; transgenic clones expressing gfp of the cvs. Agave (T1, T2), Delikat (T3, T4), Baltica (T5, T6), 
Désirée (T7) and the dihaploid 178/10 (T10); T8, T9 and T11= chimeras of the cv. Delikat. 
 
II - Applying the best method for the transfer of marker-free PVY-CP hairpin construct and 
analysis of transgenic plants by PCR: 

 
A large number of transgenic plants were regenerated without the application of 

kanamycin in the culture medium. PCR analysis by using different primer combinations 
identified high percentage of transgenic plants: for the most responsive cv. Baltica 17 out of 
33 analysed and Désirée 23 out of 66, but only 1 for the cv. Agave, out of 3 and none for the 
cv. Delikat (Table 1, Fig. 10). Since plant regeneration on the internodes is not synchronous 
the most vigorous shoots were chosen for PCR analysis. In the first screening the primers for 
the 35S CaMV promoter were applied, then the other two combinations of primers: one for 
promoter and Y-CP sequences, the other in the two inverted Y-CP regions of the construct.  

The large number of regenerated plants, particularly for the cvs. 'Baltica' and 'Desiree', 
is due to the absence of selection on kanamycin. This effect on plant regeneration was 
previously observed when a construct with selection marker nptII was used, as shown above. 
Moreover, a delay in regeneration due to kanamycin and Agrobacterium infection was shown 
previously (Rakosy-Tican et al., 2007).  
 
 
 

T1 T2 C1 T3 T4 

 M  C+   C0  C1   C2   C+  C3  C4  C5  R1  T1  T2   T3 T4   T5  T6  T7  T8  T9 T10 T11 T12 T13 497 bp

M    C0      C+     T1     T2      T3    T4   T5    T6     T7     T8     T9    T10    T11   C1 
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Table 1. TThhee  rreessuullttss  ooff  ggeenneettiicc  ttrraannssffoorrmmaattiioonn  mmeeddiiaatteedd  bbyy  AAggrroobbaacctteerriiuumm  ttuummeeffaacciieennss  CC5588CC11  ppGGVV22226600  
ccaarrrryyiinngg  tthhee  ccoonnssttrruucctt  ppRRGGGG  YYCCPPiiPPCCYY,,  mmaarrkkeerr--ffrreeee  ffoorr  ffoouurr  ppoottaattoo  ccuullttiivvaarrss..  
 

Cultivar Total number 
of regenerated 

plants 

Putative 
transgenic 

plants 

No. plants analysed / 
No. PCR positive plants 

 

Percent of 
transgenic 
plants 

Baltica 266 221 
 

33/17 51.5 % 

Desiree 347 215 66/23 34.8% 
Agave 8 5 0 0 
Delikat 153 109 3/1 33.33% 

 
 

 
 
Fig. 10. Example of PCR profiles of transgenic potato plants with PVY-CP hairpin contruct by using primers 
situated in the repeated CP sequences: C=control (water), B – cv. Baltica, D – cv. Desiree 
 
Discussions 
 

The genetic transformation already achieved for a number of plant species offers new 
tools for substantial advance in fundamental research as well as new ways to improve food 
quality and human health. Commercialization of products from plant biotechnology is 
hampered largely by public concerns about possible but yet not demonstrated risks related to 
the introduction of genetically modified (GM) plants into environment and human 
consumption. The presence of selectable marker genes, which include genes coding for 
antibiotic resistance and which are essential for the initial selection of transgenic plants is 
seen by regulatory agencies in Europe as undesirable. European Council Directive 
2001/18/EC, requested a ‘phase out’ of the use of antibiotic resistance selectable markers, 
conferring resistance to the antibiotics used in human therapy, by year 2004. 

Plant transformation technology basically consists in efficient integration of foreign 
DNA into plant genome and regeneration of transgenic plants. The main limitations of current 
technologies are random integration of transgenes into the host genome and genotype-
dependent and low regeneration capacity of the transformed cells. For the recovery of as 
much as possible transgenic shoots or somatic embryos there is need for a selectable marker.  

Antibiotic resistance genes were widely used for negative selection of transgenic 
clones. The gene for neomycin phosphotransferase (nptII), conferring resistance to 
kanamycin, accounts for the majority of routine protocols for plant transformation. 
Theoretically, the presence of antibiotic resistance genes in food products might lead to the 
spread via animal or human gut bacteria to other pathogenic bacteria harmful for human 
health. Although, there are no proofs supporting this transfer and the majority of pathogenic 
bacteria are already resistant to kanamycin, many environmentalist and consumer 

M 1B7 C 4D10 4D8 1B8 9B3 7B1 7B2 4D2.4D4 1D3 9B37 9B7 5B2 10D8 1D2 8B5 9D5 3D6 9D2 4D7 1B1 10D9 M 
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organizations are asking for the efficient production of "clean", marker-free transgenic plants. 
Therefore, studies to totally avoid the use of marker genes or to eliminate them after 
transformation were underway in the last years (de Vetten et al., 2003). There were described 
at least four strategies to produce marker free transgenic plants: i) avoiding the use of 
selectable markers by selecting the few transgenic clones by molecular analysis (PCR 
amplification). Such a project requires improvement of transformation efficiency and 
extensive screening by molecular methods of putative transgenic plants (de Vetten et al., 
2003). Some recent reports demonstrated that such a project might be feasible (Mihalka et al., 
2003; Bukovinszki et al., 2007); ii) using marker genes, which have no potential harmful 
effects, so called positive selection (Bukovinszki et al., 2007); iii) using co-transformation 
and segregation of marker genes; iv) excising the marker transgene after transformation by 
using transposition, site-specific recombination or homologous recombination (Zuo et al., 
2001; Hare and Chua, 2005). Although a great progress has been reported in the last years, 
besides avoiding the use of marker genes, all the other strategies for producing marker-free 
transgenic crops are sophisticated and have drawbacks like additional regeneration steps, 
unwanted molecular events like increased recombination, molecular residues resting in the 
genome, silencing etc., involving additional risks and costs (Puchta, 2003).  
The approach reported here is a simple way to generate a large number of marker-free 
transgenic potato elite cultivars. This objective was achieved by increasing the efficiency of 
transformation and plant regeneration in commercial potato cultivars, avoiding selectable 
markers and finally the analysis by molecular screening of CP-PVY. As a first step, 
improvement of transformation efficiency for elite tetraploid cultivars of potato was achieved 
by using selection based on both reporter gene gfp and marker gene nptII . The same 
transformation protocol was then used to transfer CP-PVY construct, without any selectable 
marker or kanamycin selection. A relatively great number of plants were regenerated, 
particularly for two cultivars, 'Baltica' and 'Désirée' and were screened by PCR using specific 
primers for 35S promoter or CP-PVY gene sequences. Almost 50% of the analyzed plants of 
the two responsive cultivars were proved to integrate marker-free CP-PVY construct.  
 
Conclusions 
 

- The use of gfp and nptII reporter and selectable marker genes, respectively, allowed a 
good screening of transgenic shoots and establishing a robust protocol for potato 
tetraploid cvs. transformation; 

- For the best responding cvs. Baltica and Désirée this protocol could be successfully 
applied to transfer marker-free hairpin construct and a large number of transgenic 
plants was identified by PCR analysis; 

- This simple two-step strategy might be applied to generate marker-free transgenic 
plants in other potato cvs. or other plant species. 

 
Acknowledgements 

 
We are grateful to Dr. Ervin Balazs and Dr. Laszlo Palkovics (Agricultural 

Biotechnology Center, Godollo Hungary), for providing PVY-CP hairpin construct, and to 
Dr. Michael R. Davey for supporting the molecular analysis. 
 



ELENA RAKOSY-TICAN, ADRIANA AURORI, CAMELIA DIJKSTRA, MARIA C. MAIOR 
 

 

Romanian Biotechnological Letters, Vol. 15, No. 1, Supplement (2010) 71 

 
 
References 
 

1. Bukovinszki A, Diveki Z, Csanyi M, Palkovics L, Balazs E (2007) Engineering resistance to PVY in 
different potato cultivars in a marker-free transformation system using a ‘shooter mutant’ A. 
tumefaciens. Plant Cell Reports, 26:459–465 

2. de Vetten N, Wolters AM, Raemakers K, van der Meer I, ter Stege R, Heeres E, Heeres P, Visser R 
(2003) A transformation method for obtaining marker-free plants of a cross-pollinating and vegetatively 
propagated crop. Nat Biotechnol 21:439–442 

3. Halford NG (2004) Prospects for genetically modified crops. Ann Appl Biol 145: 17–24 
4. Hare PD, Chua N-H (2005) Excision of selectable marker genes from transgenic plants. Nat Biotechnol, 

20: 575-580 
5. Heeres P, Schippers-Rozenboom M, Jacobsen E, Visser RGF (2002) Transformation of a large number 

of potato varieties: genotype dependent variation in efficiency and somaclonal variability. Euphytica 
124:13–22 

6. Kumar A. 1995. Agrobacterium-mediated transformation of potato genotypes. In: Gartland KMA, 
Davey MR, Eds. Methods in Molecular Biology. New York: Humana Press Inc. Totowa 44:121-128 

7. Mihalka V, Balazs E, Nagy I (2003) Binary transformation systems based on ‘shooter’ mutants of 
Agrobacterium tumefaciens: a simple, efficient and universal gene transfer technology that permits 
marker gene elimination. Plant Cell Reports 21:778–784 

8. Molinier J, Himber C, Hahne G (2000) Use of green fluorescent protein for detection of transformed 
shoots and homozygous offspring. Plant Cell Reports. 19:219–223 

9. Murashige T, Skoog F (1962) A revised medium for rapid growth and bio-assays with tobacco tissue 
cultures. Physiol Plant 15:473–497 

10. Puchta H (2003) Towards the ideal GMP: homologous recombination and marker gene excision. J 
Plant Physiol. 160(7):743-54 

11. Rakosy-Tican L, Aurori CM, Dijkstra C, Thieme R, Aurori A, Davey MR (2007) The usefulness of 
reporter gene gfp for monitoring Agrobacterium-mediated transformation of potato dihaploid and 
tetraploid genotypes. Plant Cell Reports, 26: 661-671 

12. Sheerman S, Bevan MW (1988) A rapid transformation method for Solanum tuberosum using binary 
Agrobacterium tumefaciens vectors. Plant Cell Reports 7: 13-16 

13. Stiekema WJ, Heidekamp F, Louwerse JD, Verhoeven HA, Dijkhuis P (1988) Introduction of foreign 
genes into potato cultivars Bintje and Desiree using an Agrobacterium tumefaciens binary vector. Plant 
Cell Reports 7: 47-50 

14. Zuo, J., Q.W. Niu, S.G. Moller, and N.H. Chua. (2001) Chemical-regulated, site-specific DNA excision 
in transgenic plants. Nature Biotechnology 19:157-161 




