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Abstract A genetic transformation system has been

developed for callus cells of Crataegus aronia using Agro-

bacterium tumefaciens. Callus culture was established from

internodal stem segments incubated on Murashige and

Skoog (MS) medium supplemented with 5 mg l-1 Indole-3-

butyric acid (IBA) and 0.5 mg l-1 6-benzyladenine (BA).

In order to optimize the callus culture system with respect to

callus growth and coloration, different types and concen-

trations of plant growth regulators were tested. Results

indicated that the best average fresh weight of red colored

callus was obtained on MS medium supplemented with

2 mg l-1 2,4-dichlorophenoxyacetic acid (2,4-D) and

1.5 mg l-1 kinetin (Kin) (callus maintenance medium).

Callus cells were co-cultivated with Agrobacterium har-

boring the binary plasmid pCAMBIA1302 carrying the

mgfp5 and hygromycin phosphotransferase (hptII) genes

conferring green fluorescent protein (GFP) activity and hy-

gromycin resistance, respectively. Putative transgenic calli

were obtained 4 weeks after incubation of the co-cultivated

explants onto maintenance medium supplemented with

50 mg l-1 hygromycin. Molecular analysis confirmed the

integration of the transgenes in transformed callus. To our

knowledge, this is the first time to report an Agrobacterium-

mediated transformation system in Crataegus aronia.
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Introduction

Hawthorn is a common name of all plants species in the

genus Crataegus that belongs to the Rosaceae family. It is

a thorny shrub or small tree that has bright green leaves,

white flowers and bright red berries (Chang et al. 2002). It

has around 280 species distributed across different tem-

perate regions, including the Mediterranean region, North

Africa, Europe and Central Asia and eastern North Amer-

ica (Ozcan et al. 2005). Crataegus aronia (synonym for

Crataegus azarolus L.) is the main hawthorn species found

in the eastern Mediterranean region and it is distributed

mainly on dry hillsides and in mountainous regions

(Ljubuncic et al. 2005).

Many hawthorn species are grown for their edible fruits

in Asia, Central America, and various Mediterranean

countries, and they are commonly used as ornamental

plants or as frost-resistant rootstocks for pear and apple

(Ercisli 2004; Rigelsky and Sweet 2002). In addition,

hawthorn species are listed as herbal drugs in pharmaco-

poeias, due to their high contents of flavonoids, oligomeric

proanthocyaninidins, and ethanobotanical and ethanophar-

macological compounds (Chang et al. 2005). Hawthorn

constituents are predicted to be good antioxidants,

responsible for free radical removal activity in living cells

(Bahorun et al. 2003), and they play an important role in

the prevention and treatment of cardiovascular diseases

(Chang et al. 2002, 2005; Rigelsky and Sweet 2002).

Hawthorn callus and cell suspension cultures are valu-

able systems commonly used in the production of sec-

ondary metabolites (Bahorun et al. 2002). The first callus

culture of hawthorn was reported by Schrall and Becker

(1977). Crataegus monogyna callus and cell suspension

cultures initiated from floral buds were used for the anal-

ysis of polyphenols constituents, their production levels
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and their antioxidant activity (Bahorun et al. 1994, 2003;

Valls et al. 2007). Hawthorn callus produces mainly pro-

anthocyanidins, B2 dimer, epicatechin, chlorogenic acid

and major flavonoid hyperoside.

In hawthorn, biotechnological approaches to increase

the production of polyphenols are needed. The develop-

ment of an efficient method for genetic transformation of

hawthorn callus is important for boosting the production of

medicinal metabolites. Agrobacterium-mediated transfor-

mation has been commonly applied to engineer many plant

species for desirable traits (Gelvin 2009). This system is

favored over other methods, such as particle bombardment

and electroporation, due to the integration of low numbers

of the transgene into the genome, the stability in the host

cells and the high transformation efficiency (Dai et al.

2001; Travella et al. 2005). Such a system has been com-

monly used to enhance the production of secondary

metabolites in many plant species (reviewed in Matkowski

2008). For instance, larger amounts of rosmarinic acid

accumulated in transformed lavender callus cells when

compared with non-transformed cultures (Bauer et al.

2004).

In this study, we describe the establishment of a callus

culture system for Crataegus aronia. An Agrobacterium-

mediated transformation system suitable for Crataegus

aronia callus cells was also developed. The genetic trans-

formation system developed successfully transferred a

T-DNA containing the mgfp5 and hptII genes into

hawthorn callus cells. Furthermore, molecular evidence for

the integration of the T-DNA in the transgenic hawthorn

culture is also presented.

Materials and methods

Plant material

One-year-old stem cuttings (30–50 cm in length) of Cra-

taegus aronia were collected from a mature tree planted at

the University of Jordan campus during September 2008.

The stem cuttings were cut by sterile pruner into single

internodal stem segments (1–2 cm in length) that were

surface sterilized by soaking in 100% ethanol for 1 min

and then for 20 min in 3.5% sodium hypochlorite solution

containing a few drops of Tween� 20. After sterilization,

the internodal cuttings were rinsed five times with sterile

distilled water, dried on sterile paper, and used as explants.

Callus induction and maintenance

Preliminary experiments revealed that no callus was

induced with explants cultured onto basal MS (Murashige

and Skoog 1962) medium without any plant growth regu-

lators or using plant growth regulators combinations

described in previous studies (Bahorun et al. 1994).

Therefore, series of experiments were performed to induce

callus formation using different levels of individual cyto-

kinins and auxins. For this purpose, MS media supple-

mented with 100 mg l-1 myo-inositol, 100 mg l-1 citric

acid, 30 g l-1 sucrose and different concentrations of either

Indol-3-acetic acid (IAA) or IBA or 1-naphtaleneacetic

acid (NAA) (0, 0.5, 5, or 10 mg l-1) as auxin sources or

BA or Kin or Zeatin (0, 0.5, 5 or 10 mg l-1) as cytokinin

sources were prepared. The pH of the media was adjusted

to 5.8 before the addition of 6 g l-1 agar and then auto-

claved for 15 min at 121�C and 1.06 kg cm-2. The steril-

ized explants were placed horizontally on the media and

incubated for 6 weeks at 25 ± 2�C under 16 h photoperiod

provided by an irradiance of 56 lmol m-2 s-1 supplied by

cool white fluorescent lamps. The results obtained indi-

cated that only IBA at a concentration of 5 mg l-1 was

successful in producing small size calli with a callusing

percentage of 10% (data not shown).

In order to further improve callus induction, various

concentrations of either BA or Kin (0.5, 5 or 10 mg l-1)

were added to the 5 mg l-1 IBA MS medium. Each

treatment was replicated ten times and each replicate

consisted of one Petri dish that contained five internodal

stem segments inserted horizontally on the surface of the

corresponding medium. The cultures were incubated for

6 weeks under the same conditions described above. After

determining the best callus induction medium, pieces

(*250 mg in weight) of 45-day-old induced calli were

separated from the internodal explants and then subcul-

tured onto fresh callus induction medium. The callus cul-

ture was maintained for a 6-month period on the best callus

induction medium with a subculture interval of 4 weeks.

To determine the best medium for callus growth and

development, 4-week-old callus pieces (250 mg in weight)

were cultured onto fresh MS medium without any plant

growth regulators for 1 week. The calli were then trans-

ferred onto MS media supplemented with 100 mg l-1 myo-

inositol, 30 g l-1 sucrose and different concentrations of

either NAA or 2,4-D (0, 0.5, 1 or 2 mg l-1) in combination

with different concentrations of either BA or Kin (0, 1.5 or

3 mg l-1). Each treatment was replicated ten times and

each replicate consisted of one Petri dish that contained

five callus pieces (250 mg in weight) placed on the surface

of the corresponding medium. The best callus maintenance

medium was determined after 4 weeks of culture based on

best callus growth, in terms of increase in fresh weight and

morphological changes. This medium was named as callus

maintenance medium and was used thereafter in main-

taining the callus culture with a subculture event every

4 weeks.
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Agrobacterium tumefaciens strain and binary plasmid

The binary plasmid pCAMBIA1302 was provided by

CAMBIA (http://www.cambia.org.au; GenBank accession

number: AF234298.1) Canberra, Australia. The pCAM-

BIA1302 harbors the mgfp5 gene as a reporter gene

expressing the GFP and the hptII gene conferring hygro-

mycin resistance as a selectable marker (Fig. 1). The bin-

ary plasmid was transferred into Agrobacterium

tumefaciens strain GV3101 by electroporation. A single

colony of the transformed Agrobacterium was used to

inoculate liquid Luria broth (LB) medium supplemented

with the proper antibiotics (50 mg l-1 rifampicin,

25 mg l-1 gentamicin and 50 mg l-1 kanamycin) and

100 lM acetosyringone and the culture was incubated in

an orbital shaker at 30�C and 150 rpm for 24 h. The bac-

terial cells were harvested by centrifugation at 5,000g for

10 min and the pellet was resuspended in MS liquid

medium supplemented with 20 g l-1 sucrose and 100 lM

acetosyringone to an OD600 of 0.5 for the callus

inoculation.

Agrobacterium-mediated transformation and selection

Before starting the transformation experiments, the sensi-

tivity of the callus cells to the antibiotic hygromycin was

tested. For this purpose, hawthorn calli were cultured on

callus maintenance media containing 0, 5, 10, 25 and

50 mg l-1 hygromycin. Callus growth was inhibited when

cultured on MS media supplemented with hygromycin

concentrations equal to or higher than 10 mg l-1 (data not

shown). However, hygromycin concentration of 50 mg l-1

completely inhibited callus growth when compared with

lower concentrations where some resistant nontransgenic

callus escape was observed. Although the escapes were

completely inhibited at a concentration of 50 mg l-1

hygromycin, a slow growth rate of the callus was observed

when compared to hygromycin concentration of

10 mg l-1. Therefore, a concentration of 50 mg l-1

hygromycin was used in the transformation experiments to

avoid escape, while a concentration of 10 mg l-1 hygro-

mycin was used to maintain high growth rates of the

putative transgenic callus (see below).

The transformation experiment was performed using

4-week-old callus, which was previously cultured on the

best callus maintenance medium as described above. Callus

pieces (*250 mg in weight) were immersed in the Agro-

bacterium suspension for 30 min. The infected calli were

dried on sterile filter paper to remove excess bacteria. The

infected calli were co-cultivated with the Agrobacterium

on the callus maintenance medium supplemented with

100 lM acetosyringone for 2 days at room temperature in

the dark. After the co-cultivation, the infected calli were

rinsed three times in distilled water containing 500 mg l-1

cefotaxime followed with a final wash in distilled water

without cefotaxime. The infected calli were transferred to

callus maintenance medium supplemented with 50 mg l-1

hygromycin and 500 mg l-1 cefotaxime and incubated for

4 weeks under the same culture conditions described

above. After 4 weeks, newly emerging hygromycin resis-

tant calli were separated from the infected explants and

subcultured onto callus maintenance medium supple-

mented with 10 mg l-1 hygromycin. The hygromycin

resistant calli were maintained by subculturing at 4-week

intervals onto the callus maintenance medium supple-

mented with 10 mg l-1 hygromycin. The transformation

experiment was repeated twice with 120 callus pieces per

experiment. The transformation efficiency was calculated

as the number of hygromycin resistant calli events recov-

ered per total number of infected explants.

PCR analysis

Total genomic DNA was isolated from 4-week-old trans-

formed and non-transformed (negative control) calli cul-

tured on the maintenance medium as described above using

the NucleoSpin� Plant II kit (Macherey-Nagel, Diiren,

Germany) following the supplier’s instructions. The iso-

lated genomic DNA was used as a template in a poly-

merase chain reaction (PCR) to amplify a 449-bp fragment

from the hptII gene in the putative transgenic callus. The

primers used to amplify the corresponding DNA fragment

were Hyg-F (50-CTATTTCTTTGCCCTCGGACG-30) and

Hyg-R (50-ACCTCGTGCACGCGGATTTC-30). The reac-

tions were performed in 25 ll volume containing 100 ng

genomic DNA, 2.5 ll of dNTPs (100 lM), 5 ll of

HindIII RBLB

Lac Z2X 35S-ProhptII35S-T mgfp5 NOS35S-Pro

~2.5 kb

Lac Z2X 35S-ProhptII35S-T mgfp5 NOS35S-Pro

Fig. 1 Schematic representation of the T-DNA region from the

pCAMBIA1302 binary plasmid used for genetic transformation. LB
Left border, RB right border, 35S CaMV 35S promoter, NOS nopaline

synthase 30 UTR, 35S-T CaMV 30 UTR. Positions of the HindIII site

(arrow) and hptII probe (hatched box) used in the Southern blot are

indicated
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59 PCR, 0.5 lM of each primer and 0.25 ll of 5 U ll-1

GoTaq DNA polymerase (Promega, Madison, Wisconsin).

The PCR conditions were 94�C for 5 min, followed by

30–40 cycles of 94�C for 1 min, 55�C for 1 min, and 72�C

for 1 min, and a final 10 min extension at 72�C. The PCR

products were separated on 1% agarose gels and visualized

by ethidium bromide staining.

Southern blot analysis

Southern analysis was performed using 20 lg of genomic

DNA isolated from 4-week-old transgenic callus lines and

non-transformed (negative control) callus cells cultured on

the maintenance medium as described above. The DNA

was digested with the HindIII restriction enzyme (MBI,

Fermentas, Lithuania) and then separated by electropho-

resis in 1% w/v agarose gel. The digested DNA was

transferred to a nylon membrane (MBI) and was fixed by

UV irradiation. The 449-bp PCR fragment containing the

hptII coding region (described above) was used as a probe

after labelling with biotin using the Biotin DecaLabelTM

DNA Labeling Kit (MBI) following the manufacturer’s

instructions. The hybridization reaction was carried out for

24 h at 42�C. The membrane was washed twice at 42�C

with 29 SSC ? 1% SDS (10 min per wash at 42�C), fol-

lowed by twice washing with 0.19 SSC ? 0.5% SDS

(30 min per wash at 65�C). Detection was performed using

the Biotin Chromogenic Detection Kit (MBI). All steps

were performed following the suppliers’ instructions.

Gene expression analysis

Reverse transcription-polymerase chain reaction (RT-PCR)

was used to detect the presence of mgfp5 mRNAs and to

determine gene expression levels in transgenic callus lines.

For this purpose, total RNA was isolated from 4-week-old

PCR positive callus lines and non-transformed (negative

control) callus cells using the SV Total RNA Isolation

System (Promega) following the supplier instructions. The

RNA was used in the synthesis of cDNA using Oligo

(dT)18 as a primer and the SuperScript II RNase H-

Reverse Transcriptase system (Invitrogen, Carlsbad, CA)

following the supplier’s instructions. One microlitre of the

first-strand cDNA was used as a template in a PCR reaction

using the GFP-F (50-GGAGTTGTCCCAATTCTTGT-30)
and GFP-R (50-ATGCCGTTCTTTTGCTTGTC-30) prim-

ers as described above. The GFP-F and GFP-R primers set

will amplify a 455-bp DNA fragment in the mgfp5 coding

sequence. Hawthorn actin gene-specific primers (CaAct-F

(50-TGGAGCCACAACCTTGATCT-30) and CaAct-R

(50-GCTTTGATGAAGATTCTCACTG-30) were used as

internal control. The CaAct-F and CaAct-R primers set will

amplify a 435-bp DNA fragment in a hawthorn actin

coding sequence. The RT-PCR experiments were repeated

three times and the PCR products were separated in 1%

agarose, stained with ethidium bromide and visualized

under ultraviolet light.

For microscopic detection of GFP expression, 250 mg

of hawthorn callus cells transformed with pCAMBIA1302

were resuspended in 2 ml of callus maintenance medium.

Aliquots from the cell suspension were examined for GFP

expression under a Leica DM2500 microscope equipped

with a GFP filter set (480/40 nm excitement filter, 505 nm

LP dichromatic beam splitter, and 510 nm LP emission

filter). Photographs were taken with the Leica DFC340 FX

digital camera.

Results and discussion

Establishment of callus culture

In vitro callus induction was performed successfully, pro-

ducing friable calli with a maximum callus induction per-

centage of 70% on MS medium supplemented with

5 mg l-1 IBA and 0.5 mg l-1 BA (Fig. 2a). This medium

was named as callus induction medium. All other tested

plant growth combinations failed to induce any callus and

the explants turned brown in color and subsequently died.

In general, the incubation of Crataegus aronia inter-

nodal stem segments on the callus induction medium

resulted in the inflation and swelling of the explants, and

the first callus was observed 21 days after incubation

(Fig. 2a). After 45 days of incubation on the callus

induction medium, friable and variegated colored callus

was apparent and it started to cover the explant (Fig. 2b).

Bahorun et al. (1994) induced callus using floral buds of

Crataegus monogyna cultured on modified B5 Gamborg

medium supplemented with 2.0 mg l-1 2,4-D and

0.5 mg l-1 Kin. In comparison to the results of this study,

callus induction of Crataegus aronia was achieved on MS

media supplemented with 5 mg l-1 IBA and 0.5 mg l-1

BA. The discrepancy between the two results might be

attributed to differences in explant type used. However, the

callus induction in the current study is in general agreement

with the previous finding by Daniele et al. (2008), where a

combination of 0.5 mg l-1 IBA and 0.5 mg l-1 or

1.0 mg l-1 BA resulted in the best callus induction fre-

quency of Grindelia robusta Nutt.

To improve the growth of the obtained callus, the effect

of different plant growth regulators on callus growth and

coloration was examined. The results showed that callus

fresh weight varied between treatments depending on auxin

or cytokinin sources, concentrations and their combinations

(Table 1). For callus cultured on MS media supplemented

with two different auxins in the absence of cytokinin, 2.4-D
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irrespective to its concentration in the media, gave the

highest average callus fresh weight when compared to

NAA (Table 1). MS media supplemented with different

levels of 2,4-D produced deep red colored callus, while

callus cultured on NAA was green in color (data not

shown). On the other hand, callus cultured on medium

supplemented with 3 mg l-1 BA in the absence of auxin

source had the highest average callus fresh weight when

compared with Kin (Table 1). Callus produced on MS

media supplemented with BA gave light red color, while

that produced on MS media supplemented with Kin gave

green color (data not shown). For treatments with combi-

nations of different types and concentrations of auxins and

cytokinins, the best average callus fresh weights were

obtained on MS media supplemented with combinations of

2 mg l-1 2,4-D with either 1.5 mg l-1 BA or 1.5 mg l-1

Kin (Table 1). In all combinations, treatments with 2,4-D,

red coloration of callus was observed, although lighter red

coloration was observed with BA (data not shown), while

dark red color was observed with Kin (Fig. 2c).

Compared to callus induction medium, which produced

an average callus fresh weight of 1.43 ± 0.11 g, the

combination of 2 mg l-1 2,4-D with 1.5 mg l-1 Kin pro-

duced a significantly higher average callus fresh weight

(3.45 ± 0.10 g) with a predominant red callus coloration

indicating the presence of high levels of polyphenols

Fig. 2 Establishment and

maintenance of callus culture of

Crataegus aronia. a Callus

development on Crataegus
aronia internodal explant after

21 days of incubation on MS

media supplemented with

5 mg l-1 IBA and 0.5 mg l-1

BA (callus induction media).

b Callus proliferation on

Crataegus aronia internodal

explant after 45 days of

incubation on callus induction

media. c Callus growth after

30 days of subculturing on MS

media supplemented with

2 mg l-1 2,4-D and 1.5 mg l-1

Kin (callus maintenance media).

d Callus growth after 30 days of

subculturing on MS media

supplemented with 5 mg l-1

IBA and 0.5 mg l-1 BA (callus

induction media)

Table 1 Crataegus aronia
average callus fresh weight after

30 days of incubation on MS

media supplemented with

different combinations of plant

growth regulators. Data are the

means (in g) ± SE of ten

replicates

Auxin source

(mg l-1)

Cytokinin source (mg l-1)

Not added BA Kin

Not added 0 1.5 3 1.5 3

0 0.43 ± 0.01 1.94 ± 0.06 2.56 ± 0.09 1.92 ± 0.05 2.03 ± 0.10

2,4-D

0.5 2.24 ± 0.11 1.31 ± 0.07 1.07 ± 0.04 1.89 ± 0.11 1.26 ± 0.13

1 2.23 ± 0.17 2.03 ± 0.14 1.92 ± 0.06 3.10 ± 0.21 2.15 ± 0.15

2 2.06 ± 0.23 3.57 ± 0.19 2.74 ± 0.32 3.45 ± 0.10 2.90 ± 0.08

NAA

0.5 1.19 ± 0.12 1.93 ± 0.15 2.11 ± 0.19 1.61 ± 0.07 1.30 ± 0.06

1 1.55 ± 0.08 1.84 ± 0.07 1.42 ± 0.06 1.70 ± 0.08 1.36 ± 0.05

2 1.69 ± 0.08 1.71 ± 0.06 1.53 ± 0.06 1.60 ± 0.06 1.59 ± 0.07
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(Fig. 2). Therefore, MS medium supplemented with

2 mg l-1 2,4-D in combination with 1.5 mg l-1 Kin was

used subsequently for callus maintenance instead of the

callus induction medium. In general agreement with the

current study results, Bahorun et al. (1994) reported opti-

mum callus growth and polyphenols production from

Crataegus monogyna callus culture on Gamborg B5 med-

ium supplemented with 0.5 mg l-1 Kin and 2.0 mg l-1

2,4-D. In another study, Ogita (2005) recommended the

addition of 3.0 mg l-1 2,4-D to enhance Phyllostachys

nigra callus proliferation. In contrast to the current study

results, Schrall and Becker (1977) found that NAA had a

better influence on total phenols production from Cratae-

gus monogyna callus when compared with 2,4-D.

Callus transformation

To develop a suitable transformation system for hawthorn

callus cells, the GV3101 Agrobacterium strain harboring

the plasmid pCAMBIA1302 containing the mgfp5 and

hptII genes was used (Fig. 1). After 2 days of co-cultivat-

ing callus cells with the Agrobacterium, callus pieces were

transferred directly onto the callus maintenance medium

containing 50 mg l-1 hygromycin and 500 mg l-1 cefo-

taxime. After 1 week in culture under the described

selection conditions, the co-cultivated calli started gradu-

ally to degenerate and turned brown (Fig. 3a). Four weeks

after culturing, small clusters of hygromycin resistance

cells started to appear on the surface of the brown degen-

erated explants (Fig. 3a). The newly growing hygromycin

resistance calli were excised and subcultured onto callus

maintenance medium supplemented with 10 mg l-1

hygromycin and 500 mg l-1 cefotaxime. The growth and

development of the putative transgenic lines were visually

compared with non-transformed callus that was subcul-

tured onto the same plate (Fig. 3b). Positive transgenic

callus lines were selected and maintained by subculturing

at 4-week intervals on the callus maintenance medium

supplemented with 10 mg l-1 hygromycin (Fig. 3b). In

two different experiments, the transformation efficiency

was 21.67% (26 putative transgenic calli out of 120

explants) for experiment 1 and 15.83% (19 putative

transgenic calli out of 120 explants) for experiment 2. In

total, 45 hygromycin resistance callus lines were obtained

and an overall transformation efficiency of 18.8% was

achieved.

Additionally, the putative transgenic callus lines were

examined for GFP expression using fluorescence micros-

copy. In many instances, weak GFP expression was

observed in hygromycin resistant transgenic callus lines

(Fig. 3c), while no expression was detected in non-trans-

formed callus (data not shown). Similar to our findings,

Terakami et al. (2007) observed a weak GFP expression in

transformed dwarf pomegranate calli that gradually disap-

peared after selection. Additionally, the production of

pigments in transformed callus cells could interfere with

Fig. 3 Transformation of callus

of Crataegus aronia by

Agrobacterium containing the

pCAMBIA1302 plasmid and the

expression of GFP in transgenic

lines. a Formation of

hygromycin resistant calli from

callus explants transformed with

the pCAMBIA1302 plasmid

after 30 days of incubation on

maintenance media

supplemented with

50 mg l-1hygromycin.

b Growth of independent

transgenic callus lines (1–6) and

non-transformed callus (NT)

after 30 days of incubation on

maintenance media

supplemented with 10 mg l-1

hygromycin. c Light

microscopy of transgenic callus

cells of Crataegus aronia.

d GFP expression in transgenic

callus cells of Crataegus aronia
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GFP fluorescence as reported previously (Mercuri et al.

2001; Petri et al. 2008). For instance, no GFP fluorescence

was detected in pigmented regions of petals of transformed

Kalanchoe blossfeldiana plant when compared with non-

pigmented region where green fluorescence was clearly

visible (Garcı́a-Sogo et al. 2010).

To detect the mgfp5 mRNA expression in transgenic

lines, semi-quantitative RT-PCR analysis was performed.

The mgfp5 transcript was detected in all tested transgenic

lines, while no signal was detected in the non-transformed

callus (Fig. 4). The RT-PCR DNA products obtained from

different transgenic lines have similar expression levels of

the mgfp5 transgene when compared to the actin expres-

sion levels (Fig. 4). These results indicate that mgfp5 is

expressed in transgenic callus cells.

The described genetic transformation system would be a

valuable tool for the production of economically important

secondary metabolites in hawthorn (Matkowski 2008). The

recent developments in understanding molecular mecha-

nisms regulating phenylpropanoid pathway in plants can be

utilized to generate transgenic hawthorn callus lines

manipulated to boost the production of certain

Fig. 4 Semi-quantitative RT-PCR analysis of mgfp5 gene expression

in putative transgenic callus lines of Crataegus aronia. a Agarose gel

showing PCR products (455 bp) amplified from the mgfp5 gene with

the primer pair GFP-F/GFP-R from cDNA libraries obtained from

Crataegus aronia transgenic callus lines. b Agarose gel showing PCR

products (435 bp) amplified from hawthorn actin gene with the

primer pair CaAct-F/CaAct-F from cDNA libraries obtained from

Crataegus aronia calli. The RT-PCR experiments were repeated three

times and a representative result is shown. NT cDNA from non-

transformed callus, lanes 1–6 cDNA from independent transgenic

callus lines, M low range DNA marker (MBI, Fermentas, Lithuania)

A

M P NT  1  2  3  4  5  6  7  8 

500 bp  

M 

B  
NT  1  2  3  4  5  6 

23.1 kb 

5.1 kb 

4.2 kb 
3.5 kb 

2.0 kb 

1.5 kb 
1.3 kb 

0.9 kb 
0.8 kb 

0.5 kb 

Fig. 5 Molecular analysis of putative transgenic callus lines of

Crataegus aronia. a Agarose gel showing PCR products (449 bp)

amplified from the hptII gene with the primer pair Hyg-F/Hyg-R from

DNA extracts of putative transgenic callus. P pCAMBIA1302 DNA

plasmid (positive control), NT DNA extracts from non-transformed

callus, lanes 1–8 DNA extracts from independent transgenic callus

lines, M Low range DNA marker (MBI, Fermentas, Lithuania).

b Southern blot analysis of DNA isolated from putative transgenic

lines. Genomic DNA (20 lg) was isolated from Crataegus aronia
callus and digested with HindIII and probed with a biotin-labeled

hptII gene sequence. NT DNA extracts from non-transformed callus;

lanes 1–6 DNA extracts from putative transformants. The positions of

Lambda EcoRI/HindIII molecular DNA markers are shown on the left
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polyphenolic compounds (Ikegami et al. 2007). For

instance, the overexpression of VlmybA2 transcription

factor gene from grape-induced anthocyanin production in

transgenic tobacco callus (Geekiyanage et al. 2007). In

addition, it would be interesting to develop an efficient

regeneration protocol for the transgenic callus lines in

order to produce transgenic hawthorn plants.

Molecular analysis of transformants

PCR analysis of the putative transgenic callus lines was

performed using primers specific for the hptII gene that

will amplify a DNA product with an expected size of

449 bp, which corresponded to that of the plasmid control.

The PCR results confirmed the presence of the transgene in

the tested transgenic callus lines (Fig. 5a). No fragment

was amplified in the non-transformed callus. Further PCR

analysis confirmed the presence of the transgene in all 45

transgenic callus lines obtained in this study (data not

shown).

To confirm the integration of the transgene in the callus

lines, Southern blot analysis was performed using six

randomly selected transgenic callus lines. The HindIII

restriction enzyme was used to digest the genomic DNA

due to the presence of only one restriction site within the

T-DNA region. Therefore, the presence of one band

(expected to be above 2.5 kb) in the Southern blot analysis

will be expected for each T-DNA integration event

(Fig. 1). The results showed that all tested transgenic lines

had 1–2 bands each of over 2.5 kb when compared to the

non-transformed callus (Fig. 5b). Four of the six lines had a

single band with different lengths and the other two lines

had 2 bands with different lengths. No bands were detected

in the HindIII-digested genomic DNA from the non-

transformed control (Fig. 5b).

In conclusion, this is the first report of successful

transformation in hawthorn callus cells using an Agro-

bacterium-mediated system. The transformation protocol

offers a high transformation efficiency of up to 18.8%.

Utilization of such system could be useful biotechnological

approach to increase secondary metabolites levels in

hawthorn callus cultures.
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