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Abstract 

 

Lectins are the major defense genes of plant origin which have insecticidal 

activity against sap sucking insects. We have isolated and introduced lectin 

gene in Brassica juncea cv. Varuna using Agrobacterium mediated genetic 

transformation method against aphids’ resistance. The PCR amplified lectin 

gene was cloned directly into pCAMBIA1300 binary vector using restriction 

sites KpnI and XbaI. For tissue specific expression of lectin gene, phloem 

specific promoter rolC was cloned directionally using EcoRI and KpnI 
restriction sites in LL gene construct and LL+rolC construct in 

pCAMBIA1300 was mobilized into Agrobacterium tumefaciens (GV3101) for 

genetic transformation of Brassica juncea using cotyledons as explants. The 

cotyledon explants showed average transformation efficiency of 30-40% for 

LL and CPPI genes. Molecular analysis of putative transgenics was done by 

PCR and RT-PCR confirmed the presence and expression of the transgenes in 

the transgenic B. juncea plants. 

 

Keywords: Lectin gene, Cloning, Genetic transformation, Transgenic plant, 

Plant defense, RT-PCR 



2 Sushma Rani,  Vinay Sharma, Alkesh Hada and K.R. Koundal 

INTRODUCTION 

Brassica is important oil seed crop commonly known as rapeseed or mustard whose 

productivity is limited by several biotic stresses and abiotic [1, 2].  In agriculture, 

losses to crop yield due to variety of potential phytophagus insect pests are one of the 

major causes of lowering in crop productivity. The yield losses in oilseed crop are 

mainly caused by mustard aphids, Lypaphis erysimi, which is one of the major sap 

sucking insect in India [3, 4, 5]. The damage is mostly due to nymph and adult stages 

which suck away the plant sap. The insect suck the plant sap during flowering and 

seed formation which prevents the nutrient flow  and fail to produce healthy pods, 

there by affecting the crop plants and hence in crop productivity as well. Mustard 

aphids are also known to act as vectors for disease causing luteoviruses and leads to 

loss in crop yield [4]. These pests breed predominantly through parthenogenesis and 

as a consequence population of mustard pests increases in very short duration. 

Magnitude of yield deduction is influenced by the growth stages of crop during aphid 

infestation, duration and intensity of infestation on crops. The intensive use of 

insecticides and pesticides against these insect pests leads to devastating effects on 

environment and generating harmful effects on producers as well as on consumers [6]. 

Therefore, efforts were made through conventional breeding programme to introduce 

the aphid resistance but success has been poor due to non-availability of inherent 

aphid resistance in germplasm collection of Brassica [7]. 

Plants have wide range of defense proteins and secondary metabolites introducing the 

protenicious protease inhibitors and carbohydrate binding lectins to protect 

themselves from hervivores. Recently, significant progress has been made for 

understanding foreign insecticidal genes into plants. Transgenic plants expressing 

plant based defense genes showed resistance against various pathogens. The insect 

resistant transgenic technology would not only minimize the use of chemical 

pesticides but would also provide season long protection to crop against insect pests. 

The insecticidal activity of carbohydrate binding plant lectins have been well 

documented against a large array of insect species [8,9]. It has been well reported that 

ASAL (Allium sativum leaf agglutinin) which is mannose binding lectin, which when 

introduced and expressed in mustard plants provide resistance against aphids attack 

[2,10]. Snowdrop lectin agglutinin commonly known as GNA has found to be 

effective against homeopteran insects [11, 12, 13]. Wheat Germ agglutenin has also 

been introduced to provide insect resistance in various crop plants and also in mustard 

which provide some level of protection against aphid resistance. They mainly bind to 

glycoprotein located in the mid gut of mustard aphids which inhibits the absorption of 

nutrients and hence leads to death of the insect pests [14, 15].  However, some of 

these lectins are not safe due to biosafety reasons. However, the snow drop lectin and 

certain legume lectins has been proven to be non toxic to higher animals [16, 17].   

Earlier a number of protocols for transformation of Brassica have been reported using 

various plant genes however the regeneration and transformation efficiency has been 

very low [18].  Therefore ,the present study has been envisaged to prepare two gene 

constructs utilizing lectin gene isolated from lentil (Lens culinalis cv.4076) and 

protease inhibitor gene isolated from chickpea (Cicer arientinum L) and developed an 
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efficient Agrobacterium  mediated genetic transformation  protocol  of Brassica 
juncea cv. Varuna against aphid resistance. Present study has been effectively utilized 

for expression of lectin gene using phloem specific promoter rolC to protect plants 

against aphid attack. Both the genes are isolated from edible crops and hence expected 

to be safe for consumers. 

 

MATERIAL AND METHODS  

Preparation of gene constructs and mobilization to Agrobacterium strain GV3101 

Preparation of Lentil lectin (LL) gene construct 

The lentil lectin gene has been earlier isolated from Lens culinaris (cv.4076), 

sequenced and was cloned in pGEM-T Easy vector. For isolating the lectin gene, 

glycerol stock of the clone was recovered and streaked on LA plate having ampicillin 

(50µg/ml) as selection marker. The streaked plate was kept overnight for growth at 

37˚C in incubator. Single colonies were picked from the plate and inoculated under 

aseptic condition into 10 ml LB having ampicillin (50 µg/ml) as antibiotic selection 

marker and placed overnight at 37˚C. The culture was grown overnight at 200 rpm on 

shaker at 37˚C. Plasmid DNA was isolated of this overnight grown culture by Qiagen 

kit. The isolated plasmid was restricted with EcoRI and was checked on 0.8% agarose 

gel and LL gene was PCR amplified with gene specific primers and sequenced and 

matched with the available sequence and utilized for cloning directly into binary 

vector pCAMBIA1300 with KpnI and XbaI restriction sites. In addition to this, nos 

terminator (nosT) was PCR amplified from the plasmid DNA of pBI121 binary vector 

and cloned using XbaI and SalI restriction site. Ligation was performed overnight at 

16˚C and transformation of E. coli DH5α was done. The plasmid DNA of 

recombinant clones were isolated from overnight grown culture of E. coli DH5α by 

Qiagen kit method and LL+ nosT gene construct was confirmed for the presence of 

lentil lectin gene by restriction as well as by colony PCR.  

 

Cloning of Phloem specific promoter with lectin gene construct. 

For tissue specific expression especially in phloem against phloem sap sucking 

aphids, rolC promoter has been earlier isolated from Agrobacterium rhizhozens, 
sequenced and cloned in pGEM-T Easy vector. For cloning, rolC promoter was PCR 

amplified from pGEM-T Easy vector using promoter specific forward and reverse 

primers, incorporated with restriction sites EcoRI and KpnI respectively and after 

restriction of PCR product, it was utilized for cloning directionally in the above (LL+ 

nosT) gene construct. Later on, this gene construct was confirmed by restriction and 

colony PCR of the recombinant’s plasmid, after transformation. The LL gene 

construct was checked by restriction with EcoRI and SalI for whole cassette of ~2.1 

kb of rolC+LL+nosT in pCAMBIA1300 binary vector. The whole constructs of 

rolC+LL+nosT (Fig.1) was mobilized into Agrobacterium tumefacians strain GV3101 

by freeze thaw method separately [19].  Agrobacterium cultures were maintained on 

LA medium supplemented with 50 mg/L hygromycin, 40 mg/L rifampicin and 50 
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mg/L gentamycin and kept in incubator at 28˚C for two days. Recombinant colonies 

were confirmed by restriction and by colony PCR for the LL gene construct. 

 

Genetic transformation of Brassica juncea cv. Varuna using LL gene construct 

Seeds of Brassica  juncea  cv. Varuna were surface sterilized with 0.1% HgCl2+0.1% 

SDS   for 5-8 min, washed with sterilized water, dried on sterile paper towels and 

inoculated on ½ MS20 containing 1.5% sucrose (pH 5.7) for 2 days in dark and 

transferred to 16 hrs light / 8 hrs dark cycles and maintained at 25 ± 2oC. Cotyledons 

as well as hypocotyls were used as explants which were excised from 5 day old 

seedlings and standardized the regeneration protocol for both the explants.  

 

Co-cultivation of Explants: Cotyledons as well as hypocotyls were excised from 4-5 

day old seedling and hypocotyls were cut into 0.5-0.8cm. Both the explants were 

precultured on MS medium supplemented with 2mg/L BAP and 0.2mg/L NAA was 

solidified with 0.8% agar (w/v) [Himedia, Mumbai] at 25˚C under 16h light/ 8h dark 

cycle. Agrobacterium culture harboring gene construct was grown in 10 ml YEM 

medium with 50 mg/L hygromycin, 50 mg/L gentamycin at 28oC until the A600 was 

0.6-0.8. From the above grown culture 100 µl aliquot was transferred to 10 ml of 

liq.MS Medium and grown at 28oC till A600 ~0.3. The preconditioned explants were 

incubated in Agrobacterium suspension for 10-15 min and then laid down on sterile 

paper towel. 

 

Selection of explants: Cotyledons were incubated on MS medium supplemented with 

3% sucrose, 2 mg/L BAP and 0.2 mg/L NAA, Acetosyringone 200 µM and 

hypocotyls were also incubated on the same medium supplemented with 3.5 mg/L 

AgNO3 at 25 ± 2oC for 48hrs in dark. Washing of both the explants were performed 

twice with sterile water as well as with cefotaxime 250 mg/L and dried on sterile 

paper towel and later on cotyledons transferred to MS medium supplemented with 3% 

sucrose + 1 mg/L BAP + 0.2 mg/L NAA and hypocotyls on the same medium 

supplemented with 3.5mg/L AgNO3  at 25 ± 2oC.    

After 3 days, cotyledons were transferred to  MS medium supplemented with 3% 

sucrose, 1 mg/L BAP + 0.2 mg/L NAA+250 mg/L Cefotaxime + 25 mg/L 

hygromycin at 25 ± 2oC where as hypocotyls on the same medium supplemented with 

3.5 mg/L AgNO3  at 25 ± 2oC. The green shoots growing on selection medium were 

repeatedly sub-cultured after every 10-15 days on same medium and well developed 

shoots were excised from the explants. Small platelets from both the explants were 

transferred to MS medium supplemented with 0.05 mg/L IAA + 0.5 mg/L BAP +250 

mg/L cefotaxime+25 mg/L hygromycin at 25 ± 2oC for elongation.  

 

Rooting: The multiplied shoots of 2-3 cm long were excised and kept for rooting on 

MS medium augmented with 1 mg/L IBA along with 250 mg/L  Cefotaxime + 25 
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mg/L hygromycin at 25 ± 2oC and achieved 50% success. The platelets bearing roots 

were acclimatized on soilroit saturated with ½ MS medium without sucrose. 

Putatively transformed rooted plants were hardened in sterile soilroit and field soil in 

3:1 ratio in pots, covered with perforated plastic bags to maintain humidity for 10-15 

days and then transferred to phytotron and regularly monitored for further analysis. 

 

Molecular analysis of Brassica transforments 

The presence of transgenes in transformed and control (non transformed) Brassica 
plants was analyzed by polymerase chain reaction (PCR) and RT-PCR (Reverse 

transcriptase - polymerase chain reaction) for LL transgene. 

 

Genomic DNA isolation and  PCR analysis: Genomic DNA was extracted from 5 g 

of mature, fresh leaves from one month old transforments with both the genes along 

with non-transformed plants by using CTAB method [21].  Purified DNA was 

dissolved in TE buffer (10mM Tris and 1mM EDTA, pH 8.0).  Gene specific primers 

were designed and used to amplify hptII gene and LL gene from 100ng of genomic 

DNA from both the putative transforments.  

 

RNA isolation and RT-PCR:  The expression of lectin gene was analysed in selected 

transforments through RT-PCR. Total RNA was isolated from the leaves of transgenic 

as well as non transgenic plants by Tri-reagent method [28]. The quality of total RNA 

isolated was checked through electrophoresis of RNA of both the transgenes on 1.2% 

in formaldehyde denaturing agarose gel28. Approximately, 1.0 µg of total RNA was 

utilized for cDNA synthesis and for RT-PCR (Thermofisher) according to instructions 

supplied by manufacturer and amplified PCR product was size fractioned on the 1% 

agarose gel for both the putative transgenic plants. 

 

RESULTS AND DISCUSSION 

Hypocotyle explants have been utilized in majority for Agrobacterium mediated 

genetic transformation of Brassica juncea till date but have very low transformation 

efficiency [2, 22, 23, 24]. Only a few reports are available for development of 

transgenics using stem segments [24, 25] and cotyledons [26]. Although shoot 

regeneration in B. juncea were achieved with cotyledons and hypocotyls however, 

cotyledons explants have given better results. In the present study, we report an 

efficient regeneration and transformation protocol utilizing cotyledons as explants 

with two gene constructs using Agrobacterium mediated genetic transformation. 
 

Preparation of gene constructs 
For cloning of Lentil lectin gene, clones available in the lab were revived and plasmid 

DNA of LL gene in PGEM-T Easy vector was isolated from the overnight grown 
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culture. The LL gene was PCR amplified with gene specific primers and sequenced 

and matched with the available sequence. Nucleotide sequence analysis of LL gene 

revealed 826bp ORF. This LL gene was PCR amplified using gene specific primers 

with KpnI and XbaI restriction sites and cloned directly in pCAMBIA1300 with nos 

terminator at XbaI and SalI restriction sites and E.coli DH5α transformation was 

done.  For cloning of phloem specific promoter, rolC was PCR amplified from the 

isolated pGEM-T Easy vector using promoter specific primers with EcoRI and KpnI 

restriction sites and directionally cloned in pCAMBIA1300 having LL gene and nosT. 

At each step of cloning, colony PCR was performed followed by plasmid DNA 

isolation and restriction analysis for further cloning. As shown in Fig.1 the whole 

cassette of ~2.1kb of LL gene construct (rolC+LL gene+nosT) in pCAMBIA1300 

was confirmed by restriction of plasmid DNA using EcoRI and SalI restriction 

enzymes. 

 

Figure 1: Schematic representation of the cloning sites of rolC ,LL gene and nos 

terminator in the MCS of pCAMBIA1300 binary vector. 

 

Genetic transformation of Brassica juncea cv. Varuna 

The gene construct as shown in Fig.1 was mobilized into Agrobacterium strain 

GV3101 by freeze thaw method and genetic transformation was performed in 

Brassica juncea (cv. Varuna) and co-cultivation period was optimized in subsequent 

transformation. After co cultivation explants were kept in dark for 24-48hrs for proper 

Agrobacterium infection and gave the highest transformation efficiency on co 

cultivation medium (MS medium with 3% sucrose, 2 mg/L BAP and 0.2 mg/L NAA, 

Acetosyringone 200 µM) for cotyledons and with 3.5 mg/L AgNO3 with above 

medium for hypocotyls. To remove excess Agrobacterium, both the cocultivated 

explants were washed 2-3 times with sterile distilled water and later on with liq.MS 

supplemented with 250 mg/L cefotaxime. Then, both the explants were blotted dry on 

sterile paper towel and inoculated on delayed regeneration medium (MS medium 

supplemented with 3% sucrose, 1 mg/L BAP + 0.2 mg/L NAA) and hypocotyls on the 

above medium supplemented with 3.5 mg/L AgNO3  at 25 ± 2oC for 3-5 days. After 

that explants were inoculated on regeneration medium (MS medium supplemented 

with 3% sucrose, 1 mg/L BAP + 0.2 mg/L NAA+250 mg/L cefotaxime+25 mg/L 

hygromycin) and hypocotyls on the above medium supplemented with 3.5 mg/L 
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AgNO3 at 25 ± 2oC.  The positive effect of delayed application of the selective agent 

in potato has suggested that cell division of transformed cells were proliferated by 

delayed selection, which has ability to provide greater protection against selection 

pressure [27]. This provided enhanced transformation frequency in cases where there 

was steady transcription of selection marker hptII gene. Later on infected explants 

were cultured on regeneration medium (delayed medium with 250mg/L 

cefotaxime+30mg/L hygromycin). Greenish shoots started differentiating into green 

multiple shoots on selection medium and explants were sub cultured to fresh selection 

medium after every 10-15 days interval. These putative transgenic developed were 

excised and cultured on selection medium till having length of about 3-4 cm and were 

then transferred to rooting medium (MS medium supplemented with 1 mg/L IBA 

solidified with 0.8% w/v agar and containing 20 mg/L hygromycin and 250 mg/L 

cefotaxime and 50-60% rooting was achieved while rooting as shown in Fig.2 (a-f).  

The transformation frequency for both the explants was calculated as the percentage 

of total number of hygromycin-selected shoots out of total number of Agrobacterium-

infected explants. Very low transformation frequency of ~5-6% was achieved in case 

of hypocotyls. However with cotyledons as explants, an average of 30-40% 

transformation frequency was achieved from 3 independent batches of putative 

transgenic developed with LL gene constructs (Table1).  

 

 

Figure 2: Different stages of Agrobacterium mediated genetic transformation of 

Brassica juncea using lectin gene construct (a) 4 days old seedling (b) Cotyledons and 

hypocotyls used as explants for co -cultivation on selection medium (c) Transformed 

(d) 

(e) (f) 
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cotyledons and hypocotyls segments on selection medium using lentil lectin gene and 

(d) Putative transgenics on elongation medium (e) Hardening of rooted plants (f) 

Transgenics in vegetative stage having LL transgene. 

 

Table.1 Transformation of Brassica juncea cv. Varuna using cotyledons as explants 

with lentil lectin (LL) gene construct. 

No. of Explants in 

co-cultivation 

medium 

No. of explants 

in selection 

medium 

Total No. of 

Green shoots 

developed 

Transformation efficiency (%) 

182 

172 

127 

154 

148 

119 

47 

59 

43 

31 

40 

36 

Values are given average of three replicates 

 

Further study was carried out only with regenerated through developed through 

cotyledon explants. Regenerated plantlets with well-developed roots were washed 

thoroughly in tap water to remove agar, transferred to pots containing soilroit and 

grown for 15-30 days in environmentally controlled phytotron. All the transforments 

of LL gene construct showed normal morphology. 

 

Molecular analysis of putative transgenic plants  

The transgenic plants were screened for the presence of hptII gene and lentil lectin 

gene and chickpea protease inhibitor gene by PCR. Genomic DNA of putative 

transgenics for both the gene constructs was isolated by using CTAB method 

separately. PCR analysis of putative transgenics using gene specific and hptII gene 

primer showed expected band size of ~826bp and ~1kb respectively (Fig.3A and B) 

which confirmed the introgession of LL gene. The cDNA was prepared from the total 

RNA isolated from the leaves of putative transgenics and untransformed plants as 

shown in Fig.4A. Molecular analysis through semi-quantitative RT-PCR was showed 

the presence of lectin gene transcript as well as housekeeping gene actin expression 

(Fig.4B and 4C).  Based on the data of hygromycin tolerance and RT-PCR the LL 

transgene was compared with housekeeping gene actin transcripts and found more or 

less same in their expression.  

On the basis of above study, we conclude that the above reported transformation 

protocol with transformation efficiency of 30-40% for Brassica juncea can be 

achieved. It is expected that the development of such transgenics with such plant 

based insecticidal genes will be cost effective option to protect our crop plants against 

sap sucking insects to a greater extent resulting in enhanced productivity. 
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Figure 3:   PCR confirmation of putative transgenic Brassica juncea  using lectin and 

hptII  specific primers. 

(A) Lane1-10: PCR amplification of transgenic Brassica transforments of lectin 

gene  

(B) Lane 1-10: PCR amplification using hptII specific primers 

 Lane M: 1 kb DNA Ladder, Lane N: negative control, Lane P: positive control 

 

                       

 

Figure 4: Semi qRT-PCR analysis of lectin gene expression in transgenic Brassica.   
 (A) Lanes 1-5: Total RNA isolated from transgenics; Lane C: Control Plants. 

 (B) Lanes 1-5: Actin gene specific expression in transgenics; Lane C: Actin gene 

expression in control Plant. (C) Lanes 1-5: RT-PCR amplification of lectin gene in 

transgenic Brassica. 
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