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Abstract 

Galanthus nivalis agglutinin gene - gna was synthesized by reverse transcription using total 
mRNA extracted form leaves and followed by PCR amplification. Afterwards the amplified gene gna 
was cloned into pGEM-T vector to facilitate sequencing and restriction digestion. The gene was sub 
cloned into binary vectors pROK2 and pBI 121. The Agrobacterium strains LBA4404 vir G, EHA 105 
and GV 3101 were transformed by electroporation with pROK2 and pBI121 containing gna gene. 
Lettuce cotyledons were infected with Agrobacterium strains and they were cultivated in vitro until 
embryogenic callus and transformed lettuce plants were obtained. 

 
Keywords: Lactuca sativa L. transformation, sap-sucking insects resistance, Galanthus nivalis L. agglutinin, 
gna synthesis by reverse transcription, gna-expression. 
 
Introduction 

 
Plant transformation has become an important target for molecular biologists since 

transgenic plants play an important role in plant breeding programs. As the first transgenic 
cultivar appeared on the market almost 20 years ago (PAWLOWSKI and SOMERS [1]; 
TINLAND [2]; SOMERS and MAKAREVITCH [3]) and many countries approved 
cultivation of genetically improved crops resistant to damaging insects or having improved 
nutritional qualities, this technique reached new and new technological horizons (BRUNKE 
and MEEUSEN [4]; VAN RIE [5]; JULIEN and CENATIEMPO [6]). This paper shows how 
two types of functional cloning vectors were obtained in order to integrate a lectin gene (like 
gna taken from Galanthus nivalis L.) into the genome of a foreign species (Lactuca sativa L.) 
to confer resistance to sap-sucking homopteran and orthopteran insects.  

gna gene from Snowdrop encodes agglutinin, a manose-specific homotetrameric 
protein with a molecular mass of 50 kDa from Amaryllidaceae group. It is of economic 
interest due to the protein frequent usage in agricultural and health-care domains, being 
utilized as an insecticide against sap-sucking insects like aphids and locusts (RAO et al. [7]; 
YAO et al. [8]). This protein does not affect other insects or soil bacteria (GRIFFITHS et al. 
[9], COUTY et al. [10], O’CALLAGHAN et al. [11]). 

 As for the health care agglutinin was investigated for an anti HIV effect and therapy 
(PUSZTAI and BARDOCZ [12]; VAN DAMME et al. [13]).  This gene has previously been 
isolated and it was used for genetic transformation of potato (R.E. DOWN et al. [14]) and rice 
(RAMESH et al., [15]) to obtain resistance to damaging sap-sucking insects. 
          The sequence of gna gene  was already published and it contains a number of 474 
nucleotides encoding a protein chain of 157 amino acids (NCBI databases [16]). 



Molecular cloning of agglutinin gene from Galanthus nivalis for Lettuce transformation.  
 

Romanian Biotechnological Letters, Vol. 15, No. 2, Supplement (2010) 70 

Our purpose was to synthesize gna gene as well as the cloning vectors and to obtain 
transformed Agrobacterium strains to use for later integrating the gene into the genome of 
lettuce plants, in order to confer resistance to aphids and locusts. 

 
Material and methods 

 
Total RNA was purified from young leaves of Galanthus nivalis L. plants using a 

Promega kit (Promega, SV Total RNA Isolation System) and 50 mg leaf tissue frozen in 
liquid nitrogen. Freezing helped keeping RNA and facilitated cell disintegration. RNA was 
spectrophotometrically determined, obtaining an oscillatory value of concentration between 
300 and 500 ng/μl. 

 
cDNA synthesis 

cDNA synthesis was performed using an Invitrogen SuperScriptTM II Reverse 
Transcriptase. Oligo dT primer was provided by Fermentas. First incubation lasted 5min at 
65ºC. After adding the transcription buffer and DTT a second incubation of 2min at 42ºC was 
performed. Reverse transciption programe used: 50min – 42ºC, 15min – 70ºC. cDNA 
obtained was used for gna amplification by PCR. Identically, it was performed the reverse 
transcription starting from 1μg total RNA. 

 
PCR amplification of gna gene 

gna amplification was performed by PCR (MCCABE et al. [17]) using cDNA 
previously synthesized. 

For gene cloning, two sets of primers related to both binary vectors chosen have been 
designed by the authors. In order to clone the gene into pBI 121 vector, the forward primer F 
Bgna 5'GTATCTAGAATGGCTAAGGCAAGTCTCC-3' and the reverse primer R Bgna 5'- 
GATCCCGGGTTACTTTGCCGTCACAAGCT-3' were used. Underlined positions stand 
for restriction sites of XbaI (forward primer) and Sma I (reverse primer) enzymes.  

For cloning the gene into pROK2 vector we used the forward primer F Rgna 5'- 
GTAGGATCCATGGCTAAGGCAAGTCTCC-3' and the reverse primer R Rgna 5'- 
GTACGAGCTCTTACTTTGCCGTCACAAGCT-3', in which underlined nucleotides are 
representing restriction sites of BamHI (forward) and Sac I (reverse) enzymes. 

The conditions used for the PCR reaction were: 30 cycles of 94˚C (30 s), 56˚C (30 s) 
and 72˚C (1 min). 

 
Cloning gna gene in pGEM-T cloning vector 

gna was amplified by PCR, purified from gel and introduced into pGEM-T vector 
(Promega). The cloning process was necessary in order to facilitate gene sequencing and 
perform a new cloning of this gene into binary vectors pBI 121 and pROK2. 

pGEM-T vector is a PCR product direct cloning small vector of 3000 bp. The cloning 
kit which includes this vector (pGEM®-T Vector Systems) contains the linearized vector 
which has a free Thymine at the 5’ end. It can be used to obtain a large amount of plasmidic 
DNA generating many copies when cloning. The cloning site of this vector is integrated 
inside lacZ’ gene allowing selection of recombined molecules by IPTG (Isopropyl β-D-1-
thiogalactopyranoside) and X-Gal (bromo-chloro-indolyl-galactopyranoside) which confers 
ampicilin resistance to transformed cells. 

Ligation was performed at 4ºC overnight. Ligation mix was used to transform  
Escherichia col. competent cells. In purpose of inducing elctrocompetence, bacteria were 
chemically prepared. They were inoculated on ampicilin containing (100mg/l) solid LB. To select 
colonies with correctly recombined molecules  IPTG (50mM) and X-Gal (10mg/ml) were added. 
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Verification of recombined molecules 
White colonies appeared after the transformation were separated in small 5ml LB 

liquid medium cultures, supplemented with ampicilin (100mg/ml), overnight incubated at 
37ºC on a rotative shaker. Plasmidic DNA was purified out of these colonies using a 
GeneJET™ Plasmid Miniprep Kit de la Fermentas using a kit. 

Final verification of cloned sequence was performed by sequencing with a Beckman 
Coulter CEQ8800 device using a GenomeLab DTCS Quick Start Kit and M13 primers which 
were specific for pGEM-T vector. 

 

Cloning gna gene into pBI 121 and pROK2 binary vectors 
Molecules were digested and inserted into pBI121 and pROK2 vectors using 

SmaI/XbaI and BamHI/SacI sets of restriction enzymes from Fermentas. 
Samples were icubated for a couple of hours at 37ºC. pBI121 was previously 

incubated at 30ºC, the appropriate temperature for SmaI enzyme. Digestion products were 
separated in 1% agarose gel. Digested plasmidic DNA was purified from agarose gel using a 
NucleoSpin® Extract II Macherey-Nagel kit. Two variants of gna synthesized gene and 
digested cloning vectors were forwardly used to obtain recombined molecules. Overnight 
ligation was performed at 4ºC and the mix was used to transform Escherichia coli 
electrocompetent cells, after being prepared chemically, on solid LB medium with 30mg/l 
kanamycin-sulphate.  
Verification of recombined molecules 

Colonies appeared after transformation were inoculated in 5ml LB culture medium 
including 30mg/l kanamycin and they were incubated overnight at 37ºC. Plasmidic DNA was 
purified out of these cultures using a GeneJET™ Plasmid Miniprep Kit from Fermentas. In 
order to verify the recombination, digestion of recombined molecules was performed using 
BamHI/SacI restriction enzymes set for the gene variant inserted in pROK2 vector and 
SmaI/XbaI enzymes for the gene variant inserted in pBI121 vector. Digestion products were 
analyzed in 1% agarose gel (Fig. 2).  

 

Lettuce transformation 
Plant material Lactuca sativa L. cvs. Capitata, Lollo Rosa regenerated from seeds 

sterilized in 10% (v/v) „Domestos” (Leve Bros.) bleach solution for 20 min., were cultivated 
in vitro on MS ½ (MURASHIGE and SKOOG [18]; GAMBORG et al. [19]).  

Seeds were plated on MS½ (agar included) culture medium (in 9 cm diameter Petri 
dishes, Sterilin), 20 ml MS medium/dish, 40 seeds/dish. Petri dishes were stored in culture 
room with moderate lightening conditions (190 μmol/s/m2, 16h photoperiod) in fluorescent 
light for 7 days, at 23±2˚C until the cotyledons were completely grown up. 

A. tumefaciens strains LBA4404 vir G, EHA 105 and GV 3101 were cultivated on 
solid LB medium (antibiotics included) at 28˚C, 2-3 days. A single colony was collected and 
inoculated in 10 ml liquid culture medium (with antibiotics). The incubation was performed at 
28˚C, darkness, or on an orbital plate shaker (180 rpm). 

Bacterial strains used integrated pBI 121 binary cloning vector (JIN et al. [20]), 
including: npt II (neomycin phosphotransferase II) gene, a selection marker giving the 
transformed plant cells resistance to kanamycin sulfate (VANCANNEYT et al. [21]), gus 
gene (coding for β-glucuronidase ) (JANSSEN and GARDNER [22]), replication origins (ori) 
in E. coli and A. tumefaciens. 

All these components were put under the control of the nos (nopalin synthetase) and 
CAMV 35 S promoters (CURTIS et al. [23]; MC CABE et al. [24]). The constructs also 
include a nos terminator sequence. 
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Transformation of cotyledons  
7-8 day cotyledons were excised of seedlings and their petiole was left intact 

(CURTIS et al. [25]). The tip of the cotyledons was removed and the abaxial surface was 
scratched using a scalpel, making shallow cuts (1 mm apart) transversely across the surface of 
the leaf. Cotyledons were floated (10 min) with their wounded surfaces in contact with the 
surface of an overnight liquid culture of Agrobacterium, diluted 1:10 (v:v) and 5:10 (v:v) with 
liquid UM medium (UCHIMIYA and MURASHIGE [26]; HORSCH et al. [27]; BECK and 
CAMPER [28]), removed, blotted dry with sterile filter paper and transferred to the prepared 
UM dishes (eight cotyledons/dish). Solid UM medium contains 2 mg/L 2, 4- D in order to 
stimulate callus formation. A sterile, dry, filter paper was placed over the cotyledons to keep 
the explants flat. The explants were incubated for 2 days under the same conditions as for 
germinating seeds. After two days cotyledons were transferred to SI (Shoot inducing) agar 
medium, supplemented with 0.04 mg/L NAA (in order to help transformed plants to produce 
callus or to exhibit organogenesis) and 0.5 mg/L BAP, submerging their petiolar ends into the 
medium to a depth of about 2 mm. Kanamycin sulfate (100 mg/L) and cefotaxime (100 mg/L) 
were added in order to make a selection between transformed and untransformed shoots or 
eliminate extra quantity of Agrobacterium strains on the surface of cotyledons. After 18 days 
of cultivation the explants generated callus. In 47 days of cultivation on SI medium the 
cotyledons generated lettuce shoots which developed transgenic plants (CURTIS et al. [25]). 
Transformants have been PCR assessed in order to prove integration of gna gene into test 
plants genome. Conditions used and PCR programe were similar like those previously 
described in PCR amplification of gna gene part of this session.  

 
Results  and Discussion 

 
PCR amplification products were migrated in 1% agarose gel (Fig. 1). A good quality 

amplification without any unspecific products appearing was obtained in both cases. The 
amplified product corresponds to the gene length, the gel indicating the presence of a approx. 
500 bp. product. 

 
Fig. 1. gna amplification by PCR. A – amplification of the gene (474 bp) to be cloned into  pROK2 vector; B – 
amplification of the gene (474 bp) to be cloned into pBI121 vector; pos.1– molecular weight DNA marker 
O'GeneRuler™ 1kb Ladder Fermentas; 2-3 amplification product. 
 

Recombined molecules previously verified by enzymatic digestion were sequenced. 
Analyzing the gel picture (Fig. 2) it can be assumed that all molecules were recombined, 
resulting a fragment of 3000 bp related to the liniarized vector and another fragment of 500 bp 
approx. corresponding to gna gene.   
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Fig. 2. Digestion of recombined molecules (gna +pGEM-T). A – digestion of molecules recombined with gna to 
be cloned into pBI121; B – digestion of molecules recombined with gna to be cloned into pROK2; pos. 1 – 
molecular weight DNA marker O'GeneRuler™ 1kb Ladder Fermentas; pos. 2 - 10 digestion products. 

 
Both sequences of gna obtained were identical to the sequence published in the 

databases excepting position 343, where a transversion replaced A with C. This is the first 
nucleotide of Arg codon and it does not change the protein structure of amino acids.  We 
assume that it was not an error due to PCR amplification since we used a Taq and Pfu 
polymerase mix in purpose of eliminating amplification errors. Based on a second explanation 
that we proceeded for two amplifications separately, making almost impossible the event of 
obtaining a transversion in the same place (position 343) in both of the experiments, we 
assumed that such a difference could only appear due to the Galanthus nivalis L. 
polymorphism.  
 

Cloning gna gene into pBI 121 and pROK2 binary vectors 
Analyzing the gel picture (Fig. 3) it can be concluded that all molecules were 

recombined, resulting two fragments of 3000 bp related to the linearized vector and 500 bp 
approx. corresponding to gna gene.   

 

 
Fig. 3. Digestion of recombined molecules. Pos. 1-6 gna + pBI121, pos. 8-13 gna + pROK2; pos. 7 – molecular 
weight DNA marker O'GeneRuler™ 1kb Ladder Fermentas. 
 
Transformation of lettuce plants 

Following usual steps (Fig. 4) transformation was confirmed by the ability to callus in 
the presence of kanamycin and nopaline production and regenerate shoots.  
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We used for transformation dilutions with liquid UM medium of 5:10 (v:v) and 1:10 
(v:v) of Agrobacterium strains previously mentioned. Uninfected cotyledons were also plated 
on restrictive selection culture media as negative control, which did not survive. 

 

 

 

 

 

Fig. 4.  Genetic transformation of lettuce: A. - Uninfected cotyledons on MS ½, B. - Infection of leaf disks 
with Agrobacterium strain LBA 4404, C. – Blotting dry the infected disks on filter paper. 

 
After 20 days of cultivation on UM and SI media we obtained embryogenic callus 

(Fig. 5, B). After 49 days those explants that have produced callus and shoots (Fig. 5, C) were 
transferred to 175 mL capacity glass jars, containing SI agar medium and 0.11 % (w/v) 2[N-
morpholino] ethanesulfonic acid (MES). 

 

 

 

 

 
 
 
Fig. 5. Leaf disk transformation of lettuce: A. – Lettuce infected leaf disks on SI medium with NAA and 
BAP; B. – Embryogenic callus formation on SI medium after 20 days of cultivation; C. – Transgenic lettuce 
plants on SI agar medium supplemented with MES. 
 

Confirmation of gna integration was performed by PCR. Conditions and PCR 
programe used have been described into Material and methods section.  

Transgenic lettuce samples obtained by infection with 5:10 (v:v) LBA 4404 vir G 
Agrobacterium tumefaciens strain were amplified by PCR and we obtained a 474 bp band 
(around the 500 bp value of DNA ladder marker we used, see Fig. 6)   

 

 
 

Fig. 6: PCR amplification of lettuce transformed with LBA 4404 vir G Agrobacterium strain. Pos. 1: 1Kb 
Fermentas DNA molecular weight marker, 2-8 transgenic lettuce samples.  9 – negative control. 

 

A B C

A B C
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Samples of transgenic lettuce obtained by infection with 5:10 (v:v) EHA 105 
Agrobacterium tumefaciens strain were also assessed by PCR, under the same conditions and 
we obtained a 474 bp band (Fig. 7).   
 

 
 

Fig. 7: PCR amplification of lettuce transformed with EHA 105 Agrobacterium strain. Pos. 1: 1Kb Fermentas 
DNA molecular weight marker, 2-8 transgenic lettuce samples. 9 – negative control. 

 
Kanamycin resistance was inherited monogenically. Following this, homozygotes can 

be selected by growing R2 seedlings on media containing G418. Critical variables of our 
experiment were plant genotype, concentration of bacterial strains and presence of a nurse 
culture together with timing of transfers between tissue culture media.  
 
Conclusion 

 
gna - (Galanthus nivalis L. agglutinin) gene was amplified using total mRNA as a 

template and it was reverse-transcripted. cDNA obtained served for PCR amplification using 
specific primers. Two variants of gna were amplified in order to be cloned into pBI121 and 
pROK2 binary vectors. Two pairs of specific primers were used for this purpose, which were 
designed to be strictly specific at both ends of the sequences. The difference between the pairs 
of primers appeared at the 5’end where the restriction enzymes recognition sites were 
introduced. Both variants of gna obtained were cloned into pGEM-T cloning vector, in order 
to facilitate DNA fragments sequencing and digestion.  
 Recombined molecules sequencing proved that both variants of gna obtained were 
identical to the sequence published in the databases excepting position 343, where a 
transversion replaced A with C. This is the first nucleotide of Arg codon and it does not 
change the protein structure of amino acids. A possible explanation of this change could be 
that such a difference appeared due to the Galanthus nivalis L. polymorphism of this species 
which was used as plant material. gna was finally cloned into pBI121 and pROK2 binary 
vectors.  
 Agrobacterium strains LBA4404 vir G, EHA 105 and GV 3101 transformed by 
electroporation  have been used to infect cotyledons of Lactuca sativa L. After 20 days of 
cultivation on UM and SI inducing media embryogenic callus was obtained which survived 
on culture media supplemented with kanamycin, suggesting the presence of transformed plant 
cells, which was later confirmed by PCR amplification of template genomic DNA purified 
from transformed plants.  

Lactuca sativa could be routinely transformed using Ti plasmids of Agrobacterium 
tumefaciens containing a chimeric kanamycin resistance gene (NOS.NPTII.NOS).  
 
 
 
 



Molecular cloning of agglutinin gene from Galanthus nivalis for Lettuce transformation.  
 

Romanian Biotechnological Letters, Vol. 15, No. 2, Supplement (2010) 76 

Aknowledgements  
 
This research was supported with funds provided by CNMP, on project no. 51-

085/2007 within PNII program framework. 
 
References 

 
1. W.P. PAWLOWSKI, D.A. SOMERS, Transgene inheritance in plants genetically engineered by microprojectile 

bombardment. Molecular Biotechnology 6(1), 17-30, (1996). 
2. B. TINLAND, The integration of T-DNA into plant genomes. Trends in Plant Science 1, 178-184, (1996). 
3. D.A. SOMERS, I. MAKAREVITCH, Transgene integration in plants: poking or patching holes in promiscuous 

genomes? Current Opinion in Biotechnology 15(2), 126-31, (2004). 
4. K.J. BRUNKE, R.L., MEEUSEN, Insect control with genetically engineered crops. Trends.Biotechnol. 9:197-

200, (1991). 
5. J. VAN RIE, Insect control with transgenic plants: Resistance proof? Trends Biotechnol. 9:177-179, (1991). 
6. R. JULIEN, Y. CENATIEMPO, Biotechnologies d’aujourd’hui. Dix domaines strategiques a l’aube du 

troisieme millenaire. PULIM-Presses de l’Universite de Limoges. p.163-199, (1993). 
7. K.V. RAO, K.S. RATHORE, T.K. HODGES, X. FU, E. STOGER, D. SUDHAKAR, S. WILLIAMS, P. 

CHRISTOU, M. BHARATHI, D.P. BOWN, K.S. POWELL, J. SPENCE, A.M. GATEHOUSE, J.A. 
GATEHOUSE, Expression of snowdrop lectin (GNA) in transgenic rice plants confers resistance to rice brown 
planthopper Plant J. 15: 469-477, (1998). 

8.  J. YAO,  Y. PANG,  H. QI,  B. WAN,  X. ZHAO,  W. KONG, X. SUN,  K. TANG, Transgenic tobacco 
expressing Pinellia ternata agglutinin confers enhanced resistance to aphids. Transgenic Res. 12(6), 715-722, 
(2003). 

9.  B.S. GRIFFITHS, I.E. GEOGHEGAN, W.M. ROBERTSON, Testing genetically engineered potato, producing 
the lectins GNA and Con A, on non-target soil organisms and processes. J. Appl. Ecol. 37:159–70, (2000). 

10. A. COUTY, R.E. DOWN, A.M.R. GATEHOUSE, L. KAISER, M.H. PHAM-DEL’EGUE, G.M. POPPY, 
Effects of artificial diet containing GNA and GNA-expressing potatoes on the development of the aphid 
parasitoid Aphidius ervi Haliday (Hymenoptera: Aphidiidae). J. Insect Physiol. 47:1357–66, (2001). 

11.  M. O’CALLAGHAN, T.R. GLARE, E.P.J. BURGESS, L.A. MALONE, EFFECTS OF PLANTS 
GENETICALLY MODIFIED FOR INSECT RESISTANCE ON NONTARGET ORGANISMS. Annu. Rev. 
Entomol. 50:271–92, (2005). 

12. A. PUSZTAI, S. BARDOCZ, Lectins: Biomedical Perspectives. London: Talyor & Francis Ltd. 64-84p, (1995). 
13. J.M. VAN DAMME, W.J. PEUMANS, A. PUSZTAI, S. BARDOCZ, Lectins: Biomedical Perspectives. 

London: Talyor & Francis Ltd. 217-218p, (1997). 
14. R.E. DOWN, A.M.R. GATEHOUSE, W.D.O. HAMILTON and J.A. GATEHOUSE, Snowdrop lectin inhibits 

development and decreases fecundity of the Glasshouse Potato Aphid (Aulacorthum solani) when administered 
in vitro and via transgenic plants both in laboratory and glasshouse trials. Journal of Insect Physiology 42: 
1035-1045, (1996). 

15. S. RAMESH, D. NAGADHARA, V.D. REDDY and K.V. RAO, Production of transgenic indica rice resistant 
to yellow stem borer and sap-sucking insects, using super-binary vectors of Agrobacteriu mtumefaciens. Plant 
Science 166: 1077-1085 (2004). 

16. National Center for Biotechnology Information Databases, http://www.ncbi.nlm.nih.gov 
17. M.M. MCCABE, J.B. POWER, A.M.M. DE LAAT, M.R. DAVEY, Detection of single copy genes in DNA 

from transgenic plants by nonradioactive Southern blot analysis. Molecular Biotechnology 7:79±84, (1997). 
18. T. MURASHIGE, F. SKOOG, A revised medium for rapid growth and bioassays with tobacco tissue cultures. 

Physiol. Plant, 15: 473-497, (1962). 
19. O.L. GAMBORG, L.A. MILLER, K. OJIMA, Nutrient requirements of a suspension culture of soybean root 

cells. Exp. Cell Res. 50: 151-158, (1968). 
20. S. JIN, T. KOMARI, M.P. GORDON, E.W. NESTER, Genes responsible for the supervirulence phenotype of 

Agrobacterium tumefaciens A281. J. Bact. 169: 4417-4425, (1987). 
21. G. VANCANNEYT, R. SCHMIDT, A. O’CONNOR-SANCHEZ, L. WILLMITZER, ROCHA-SOSA, 

Construction of an intron-containing marker gene: splicing of the intron in transgenic plants and its use in 
monitoring early events in Agrobacterium-mediated plant transformtion. Mol. Gen. Genet. 220, 245-250, 
(1990).   

22. B.J. JANSSEN, R.C. GARDNER, Localised transient expression of GUS in leaf discs following co-cultivation 
with Agrobacterium. Plant Mol. Biol. 14: 61-72, (1989). 



IULIA LUPAN, SERGIU VĂLIMĂREANU, ANA COSTE, OCTAVIAN POPESCU 
 

Romanian Biotechnological Letters, Vol. 15, No. 2, Supplement (2010) 77

23. I.S. CURTIS, C. HE, W.J.R.M. JORDI, E. DAVELAAR, J.B. POWER, A.M.M. DE LAAT, M.R. DAVEY, 
Promoter deletions are essential for transformation of lettuce by the T-cyt gene; the phenotypes of transgenic 
plants. Annals of Botany, 83: 559-567, (1999 a).   

24. M.S. MC CABE, F. SCHEPERS, A. VAN DER AREND, U. MOHAPATRA, A.M.M. DE LAAT, J.B. 
POWER, M.R. DAVEY, Increased stable inheritance of herbicide resistance in transgenic lettuce carrying a 
petE promoter-bar gene compared with a CaMV35S-bar gene. Theoretical Applied Genetics, 99: 587-592, (1999 
a.) 

25. I.S. CURTIS, J.B. POWER, N.W. BLACKHALL, A.M.M. DE LAAT, M.R. DAVEY, Genotype-independent 
transformation of lettuce using Agrobacterium tumefaciens. Journal of Experimental Botany 45: 1441±1449, 
(1994). 

26. H. UICHIMIYA, T. MURASHIGE, Evaluation of parameters in the isolation of viable protoplasts from 
cultured tobacco cells. Plant Physiology 54: 936±944, (1974). 

27. R.B. HORSCH, J.E. FRY, N.L. HOFFMANN, D. EICHHOLTZ, S.G. ROGERS, R.T. FRALEY, A simple and 
general method for transferring genes into plants. Science, 227: 1229-1231, (1985). 

28. M.J. BECK, N.D. CAMPER, Shoot regeneration from petunia leaf discs as a function of explant size, 
configuration and benzyladenine exposure. Plant Cell Tissue Org. Cult. 26: 101-106, (1991). 

 

 

 

 

 
 
 
 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


