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Abstract An efficient and reproducible Agrobacterium-

mediated transformation system via repetitive secondary

somatic embryogenesis was developed for Rosa rugosa

‘Bao white’. Somatic embryogenesis was induced from

in vitro-derived unexpanded leaflet explants on MS med-

ium supplemented with 4.0 mg/L 2,4-dichlorophenoxy-

acetic acid (2,4-D), 0.05 mg/L Kinetin and 30 g/L glucose.

Secondary somatic embryos were successfully proliferated

via cyclic secondary somatic embryogenesis on MS med-

ium containing 1.0 mg/L 2,4-D, 0.01 mg/L 6-benzylade-

nine and 45 g/L glucose under light intensity of

500–1,000 lux. The highest germination rate (86.33 %) of

somatic embryos was observed on 1/2-strength MS med-

ium containing 1.0 mg/L BA. Relying on the repetitive

secondary somatic embryogenesis and A. tumefaciens

strain EHA105 harboring the binary vector pBI121, a sta-

ble and effective Agrobacterium-mediated transformation

pattern was developed. The presented transformation pro-

tocol, in which somatic embryo clumps at globular stage

(0.02–0.04 g) were infected by Agrobacterium for 60 min

and co-cultivated for 2 days, and then selected under a

procedure of 3 steps, were confirmed to be optional by

GUS histochemical assay and Southern blot analysis. The

procedure described here will be very useful for the

introgression of desired genes into R. rugosa ‘Bao white’

and the molecular analysis of gene function.
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embryogenesis � Agrobacterium tumefaciens � Genetic

transformation

Abbreviations

MS Murashige and Skoog (1976)

2,4-D 2,4-Dichlorophenoxyacetic acid

TDZ Thidiazuron

BA 6-Benzyladenine

NAA a-Naphthalene acetic acid

KT Kinetin

ABA Gibberellin

PGR Plant growth regulator

nptII Neomycin phosphotransferase

GUS b-Glucuronidase

Kan Kanamycin

Cef Cefotaxime

AS Acetosyringone

X-Gluc 5-Bromo-4-chloro-3-indolyl-b-D-

glucuronide

Introduction

Rosa rugosa Thunb, distinct significantly from common

Rosa hybrida L., is an important commercial crop due to its

fragrant blossoms and medicinal functions. Essential oil

from the petals of R. rugosa, contains a lot of alcohols,

esters, talkanes, terpenes, aldehydes, ketones and ethers, is

one of the most important natural raw materials used in

perfume, cosmetics, aromatherapy, spices, and nutrition

industry (Feng et al. 2010). R. rugosa also contains a

number of medicinally important metabolites, such as

flavonoids, tormentic acid, gallic acid derivative, polysac-

charides and Rosamultin (Ng et al. 2004; Park et al. 2005;
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An et al. 2011). A large number of medicinal properties

such as antidiabetic, hypolipidemic, anti-inflammatory,

pain releasing and anti-cancer have been attributed to the

pharmacologically active metabolites in R. rugosa (Park

et al. 2005; Lee et al. 2008). However, R. rugosa is non-

recurrent species, and is always attacked and affected by

many biotic stresses, i.e. fungal diseases, which cause the

decreases in biomass and essential oil yield. Genetic

engineering appears to be an effective approach to develop

disease resistant and recurrent flowering R. rugosa plants,

and furthermore, offers opportunities to enhance secondary

metabolite contents and to understand the molecular basics

and regulation mechanism of secondary metabolism.

A highly efficient plant regeneration system is the pre-

requisite of genetic transformation. Somatic embryogene-

sis, which allows the production of plants from somatic

cells, is an important approach for plant regeneration in

woody species (Bao et al. 2012). The efficiency of regen-

eration via somatic embryogenesis usually depends on a

high multiplication rate and increased level of uniformity

of secondary somatic embryogenesis system. Secondary

somatic embryogenesis, independent of the original

explants quantity, permits to yield a large number of

reproductive units in a prolonged period and offers

increased level of synchronization with less variability.

Until now, successful establishment of plant regeneration

via primary and secondary somatic embryogenesis has

been reported in a number of woody plants including Rosa

species (Estabrooks et al. 2007; Shi et al. 2010; Dai et al.

2011; Bao et al. 2012), which indicated that primary and

repetitive secondary somatic embryogenesis is a particu-

larly powerful system for regeneration of woody plants.

Repetitive secondary somatic embryogenesis procedure

provides a sustainable source of embryogenic material and

thus is also important in many genetic transformation

programs. (Raemakers et al. 1995). By this way, Agro-

bactierum-mediated transformation has been reported in

several wood species (Katsumoto et al. 2007; Ribas et al.

2011). However, transformation protocol using secondary

somatic embryogenesis system was observed in only a few

of in rose cultivars (Li et al. 2002b; Kim et al. 2004;

Vergne et al. 2010). Up to date, to our best acknowledge,

systems for high-frequency plant regeneration and trans-

formation through cyclic leave-originated secondary

embryogenesis have not yet been reported for R. rugosa.

In this study, we developed a high-frequency regeneration

procedure for R. rugosa ‘Bao White’ using repetitive sec-

ondary somatic embryogenesis system. Based on the estab-

lished efficient regeneration system, for the first time, a

successful new Arobactierum-mediated transformation pro-

tocol for R. rugosa ‘Bao White’ was developed and this new

confirmed transgenic strategy has long-term implications in

genetic engineering of R. rugosa ‘Bao White’ for desired traits.

Materials and methods

Plant material and culture condition

Explants of R. rugosa ‘Bao white’ were obtained from the

in vitro culture sterile shoots. Shoots culture procedures

and conditions were performed as previously described

(Xing et al. 2010). The pH of all media, was adjusted to

5.8–6.0 with 1 mM NaOH prior to autoclaving at 121 �C

for 20 min. Stock solutions of AS and antibiotics were

filter-sterilized and mixed with autoclaved media cooled to

50–55 �C. All the cultures were incubated at 24 ± 2 �C,

either in continuous darkness or under a 14 h photoperiod

with a light intensity of 2,000–2,500 lux or 500–1,000 lux

provided by cool white fluorescent lights.

Initiation of somatic embryogenesis

Unexpanded leaves were excised from 2 weeks prolifer-

ated shoots, and then these were divided into the three or

five separate leaflets with the respective petioles present.

For induction of somatic embryogenesis, the leaflets

explants were incubated on basal medium containing full-

strength MS salts, various concentration of 2,4-D (0, 1, 2,

3, 4, 5, 6 mg/L) and Kinetin (KT) (0, 0.05, 0.1 mg/L), plus

30 g/L glucose, and solidified using 3.0 g/L Phytagel. The

cultures were kept in darkness for 60 days.

Optimizations of proliferation and germination

on somatic embryo

Three individual experiments were carried out to optimize

the condition of secondary somatic embryos proliferation:

1. to investigate the effect of basal medium and PGRs,

somatic embryos were cultured under a light intensity

of 500–1,000 lux on full-strength MS or 1/2-strength

MS basal medium supplemented different concentra-

tion of 2,4-D (0.5,1.0 mg/L) and BA (0, 0.01 mg/L),

all of which contained 45 g/L glucose and 3.0 g/L

Phytagel for 30 days;

2. to investigate the effect of glucose concentration,

somatic embryos were cultured under a light intensity

of 500–1,000 lux on full-strength MS basal medium

supplemented different concentration of 1.0 mg/L 2,4-

D and 0.01 mg/L BA, plus varied concentration of

glucose (30, 45, 60 g/L) and solidified using 3.0 g/L

Phytagel for 30 days;

3. in order to investigate the effect of light conditions on

somatic embryo proliferation, somatic embryos were

cultured on MS basal medium supplemented with

1.0 mg/L 2,4-D, 0.01 mg/L BA, 3.0 g/L Phytagel and

45 g/L glucose and then were treated under a intensity
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of 2,000–2,500 lux and 500–1,000 lux respectively,

for 30 days.

At last, to further optimize the condition of secondary

somatic embryos germination, secondary somatic embryos

were cultured under a light intensity of 2,000–2,500 lux on

full-strength MS or half-strength MS basal medium sup-

plemented with BA (0.5, 1.0 mg/L) or 0.5 mg/L ABA or

0.5 mg/L TDZ respectively, plus 30 g/L glucose and

solidified using 3.0 g/L Phytagel for 60 days.

Phytotoxic levels of antibiotics, bacterial strains

and plasmid

Varied concentration of Kan (0, 25, 50, 75, 100 mg/L),

combining 150 mg/L Cef respectively, were used to deter-

mine the somatic embryo sensitivity to kanamycin. Data were

recorded by calculating the percentage of somatic embryos

forming new secondary embryos after continuous 60 days

culture. The disarmed Agrobacterium tumefaciens strains

EHA105 (Hood et al. 1993) harboring the binary vector

pBI121 (Jefferson 1987) were employed in transformation

experiments. The T-DNA region of the plasmid contains the

nptII gene drivened by nos promoter and GUS reporter gene

driven by CaMV35S promoter (Fig. 1).

Transformation procedure

Standard procedures for bacterial preparation were

according to Ning et al. (2012). The OD600 of bacterial was

0.4–0.6. Bacterial cells were harvested in liquid MS media

supplemented with 200 Lm AS, and then incubated in

shaker incubator at 28 �C and 200 rpm for about 2 h. 50

somatic embryo clumps were infected with 50 ml bacterial

suspension in each experiment. In order to find the optimal

procedure for transformation, three individual experiments

were performed subsequently:

1. In order to investigate the effect of secondary somatic

embryos type on transformation, fully developed

somatic embryos were first separated into small clumps

at different weight and type (0–0.01 g, 0.02–0.04 g,

cotyledonary somatic embryos), and then were

immersed in the bacterial suspension for 60 min.

Subsequently after dried on a sterilized filter paper,

they were co-cultivated with Agrobacterium for 2 days

in the co-cultivation medium (Table 1).

2. In order to investigate the effect of period of infection

and cocultivation on transformation, somatic embryos

(0.02–0.04 g) were immersed in the bacterial suspen-

sion for 40–60 min. Subsequently after dried on a

sterilized filter paper, they were co-cultivated with

Agrobacterium for 2–3 days in the co-cultivation

medium (Table 1).

Selection and regeneration procedure

After cocultivation, somatic embryos were transferred into

selection and proliferation medium (Table 1). Following

75 days of selection of proliferation, the kanamycin-resis-

tant somatic embryos were separated and transferred to

selection and germination medium (Table 1) for 2 months

to promote the germination and shoot regeneration.

Kanamycin-resistant shoots were subcultured onto selec-

tion and shoot elongation medium (Table 1) for 1 month.

During selection process, explants were subcultured to a

fresh selection medium once every 2 weeks. Vigorously

growing kanamycin-resistant shoots were transferred to

selection rooting medium (Table 1) for 20 days for rooting.

Rooted plantlets were transferred the mixture soil consist-

ing of turf soil ? garden soil ? sand (2:2:1; v/v/v).

GUS Histochemical assay and molecular analysis

of transformation

Standard procedures for GUS histochemical assay were

performed according to the methods reported by Jefferson

et al. (1987) and Ning et al. (2012). Genomic DNA

Fig. 1 T-DNA constructs of binary vector pBI121 containning gus

gene with intron used for transformation of Rosa rugosa (Jefferson

1987). RB right border, nos-P nopaline synthase promoter, nptII

neomycin phosphotransferase gene, nos-T nopaline sythase termina-

tor, 35S-P cauliflower mosaic virus (CaMV) 35S promoter, gus

b-glucuronidase gene, LB left border

Table 1 Constituents of somatic embryo and plant culture medium in

transformation

Medium type Composition

Co-cultivation medium MS ? 1.0 mg/L 2,4-D ? 0.01 mg/L BA

?200 lM/L AS ?40 g/L glucose

?3.0 g/L phytagel

Selection and

proliferation medium

MS ? 1.0 mg/L 2,4-D ? 0.01 mg/L BA

?100 mg/LKan ?150 mg/L Cef ?40 g/

L glucose ?3.0 g/L phytagel

Selection and

germination medium

1/2MS ? 1.0 mg/L BA ?75 mg/L

Kan ? 150 mg/L Cef ?30 g/L glucose

?3.0 g/L phytagel

Selection and shoots

elongation medium

MS ? 0.5 mg/L BA ?0.01 mg/L

NAA ? 75 mg/L Kan ? 150 mg/L

Cef ? 30 g/L glucose ? 7.5 g/L agar

Selection and rooting

medium

1/2MS ? 0.5 mg/L IBA ?20 mg/L

Kan ? 150 mg/L Cef ?30 g/L glucose

?7.5 g/L agar
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isolation from leaves of transgenic and non-transgenic R.

rugosa ‘Bao White’ plants were based on the method

described by Wang et al. (2011), and the PCR amplification

analysis was carried out through Ning et al. (2012). The

specific primers for the nptII gene were used:

Forward primer: 50-CCATCGGCTGCTCTGATGCCGC

CGT-30

Reverse primer: 50-AAGCGATAGAAGGCGATGGC

TGC-30.

For southern blot analysis, North2South� Chemilumi-

nescent Hybridization and Detection Kit (Thermo 17,097)

was used. 25 lg genomic DNA from each PCR-positive

and control plant was digested overnight with EcoRI, The

digested genomic DNA were separated by 0.8 % agarose

gel electrophoresis and transferred onto hybond-N ? nylon

membrane. A fragment of 431 bp GUS reporter gene was

labeled with biotin according to manual of North2South�

Biotin Random Prime Labeling Kit (Thermo 17,075), and

used as a probe. After hybridization, a combination of

enhanced luminol and horseradish peroxidase (HRP) was

used as Chemiluminescence substrate for detection of

hybridization signals using X-ray film autography.

Statistical analysis

In this study, each treatment was repeated thrice, and each

replicate consisted of a Petri plate with 10–15 explants, and

totally contained 30–45 explants. Except 15 cm Petri plate

used in the maturation and germination experiments, 10 cm

Petri plates were used in all the other experiments. Each

Petri plate was closed by 5 cm PE preservative film.

Data were evaluated by analysis of variance (ANOVA)

and means were compared using LSD (least significant

difference) tests. All computations were made using the

generalized linear model procedures of SAS. The prolif-

eration of somatic embryos was calculated as previous

described method (Bao et al. 2012). The proliferation

coefficient of somatic embryos was calculated as the ratio

of weight of somatic embryos after proliferation to the

weight of somatic embryos before proliferation. Percentage

data were transformed via arcsine before analysis.

Results

Somatic embryogenesis initiated from unexpanded

leaflets

When unexpanded leaflets with attached petioles were

incubated on MS medium supplemented with 1–2 mg/L or

5–6 mg/L 2,4-D and 0–0.1 mg/L KT, callus and rhizoid

was observed at the cut surface on all the media within

3 weeks. Initially, these calluses were white and water-

soaked, but turned brown gradually and became moribund

eventually, without forming somatic embryo. Whereas, on

the medium containing 3–4 mg/L 2,4-D and 0–0.1 mg/L

KT, after 6–8 weeks, somatic embryos were directly

induced at the proximal cut surface of the petiole. The

frequency of somatic embryo formation differed signifi-

cantly after the various treatments (Table 2). High con-

centration of KT (0.1 mg/L) promotes the expanded and

thin embryos, which could not proliferate. The highest

frequency (8.15 %) of primary somatic embryo induction

was observed on the medium containing 4 mg/L 2,4-D and

0.05 mg/L KT, where predominately thickened and tufted

embryos were obtained (Fig. 2a).

Proliferation and maintenance of somatic embryos

Effect of light conditions on somatic embryo proliferation

When somatic embryos were cultured on a given medium

composition (MS containing 1.0 mg/L 2,4-D, 0.01 mg/L

BA, 3.0 g/L Phytagel and 45 g/L glucose), the conditions of

continuous dark or light intensity of 500–1,000 lux and

2,000–2,500 lux resulted in the development of somatic

Table 2 Effect of different 2,4-D and KT concentrations on somatic

embryos induction in R. rugosa

2,4-D (mg/L) KT (mg/L) Frequency of somatic

embryo induction (%)

1 0 0 ± 0e

1 0.05 0 ± 0e

1 0.1 0 ± 0e

2 0 0 ± 0e

2 0.05 0 ± 0e

2 0.1 0 ± 0e

3 0 2.22 ± 0d

3 0.05 3.70 ± 1.28c

3 0.1 1.48 ± 1.28d

4 0 5.97 ± 1.29b

4 0.05 8.15 ± 1.28a

4 0.1 4.44 ± 0c

5 0 0 ± 0e

5 0.05 0 ± 0e

5 0.1 0 ± 0e

6 0 0 ± 0e

6 0.05 0 ± 0e

6 0.1 0 ± 0e

All data were recorded after cultured on induction medium in the dark

for 8 weeks

Values shown are mean ± standard errors

Values that are significantly different within columns at the 5 % level

of significance are indicated with different letters
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embryos with notably different color and texture charac-

teristics. Either normal light intensity of 2,000–2,500 lux or

darkness inhibited the proliferation of somatic embryos.

Under the normal light intensity, the primary somatic

embryos turned green and exhibited an expansion (Fig. 2d);

in the dark, the somatic embryo appeared to be brownish,

withered and accompanied usually with the formation of

waterlogged callus. In contrast, somatic embryos which

developed under low light intensity of 500–1,000 lux were

the vigorous and golden-yellow (Fig. 2b).

Effect of basal medium and PGRs on somatic embryo

proliferation

The effects of basal media and PGRs on secondary somatic

embryos proliferation are described in Table 3. No sig-

nificant differences in secondary somatic embryos prolif-

eration coefficient was observed when different basal

media and varied concentration of BA were used. How-

ever, both basal medium and concentration of BA had

significant influences on the frequency of abnormal

somatic embryo (not proliferate again) formation. 1/2-

strength MS media and high concentration of BA promoted

the formation of abnormal somatic embryo. The concen-

tration of 2,4-D had significant differences in the prolif-

eration coefficient of secondary somatic embryos and the

frequency of abnormal somatic embryo formation. When

cultured on the MS basal medium containing 0.5 mg/L 2,4-

D with or without BA, although the proliferation frequency

of secondary somatic embryos ([4.0) were higher, the

newly proliferated somatic embryo appeared compact and

white in color, which cannot proliferate repetitively. The

best results were obtained on MS basal medium containing

1.0 mg/L 2,4-D combined with 0.01 mg/L BA, most of the

somatic embryos appeared healthy and vigorous (Fig. 2c),

the proliferation coefficient was 4.56, and less abnormal

somatic embryo formed.

Effect of glucose concentration on somatic embryo

proliferation

The effects of concentration of glucose on somatic embryo

proliferation are described in Table 4. Concentration of

glucose had significant influences on somatic embryo

proliferation. Medium containing 45 g/L glucose was

proved to be more effective than 30 and 60 g/L glucose,

Fig. 2 Plant regeneration via direct somatic embryogenesis for Rosa

rugosa. a Primary somatic embryo on the medium with 4.0 mg/L 2,4-

D and 0.01 mg/L KT (bar 1.0 mm), b proliferation of secondary

somatic embryo under light intensity of 50–100 lx (bar 1.0 mm),

c proliferation of secondary somatic embryo under light intensity of

50–100 lx (bar 1.0 mm), d proliferation of secondary somatic embryo

under light intensity of 1,000–1,500 lx (bar 5.0 mm), e secondary

somatic embryo turned green on germination medium (bar 3.0 mm),

f germinated plantlets with both shoots and radicles (bar 5.0 mm)
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where highest proliferation coefficient was achieved and

secondary somatic embryos appeared healthy and golden-

yellow.

High frequency germination of secondary somatic

embryos

The effects of hormones and basal medium on the germi-

nation frequency of secondary somatic embryos are

described in Table 5. Significant differences in the germi-

nation of somatic embryos were observed among varied

hormones treatments. When cultured on the MS medium

containing 0.5 mg/L BA, the higher germination frequency

(73.67 %) of somatic embryos was obtained. The statistic

results also indicated that both basal medium and concen-

tration of BA also had significant influences on the ger-

mination of somatic embryos. The frequency of

germination on 1/2-strength MS media was higher than that

on full-strength MS media. The highest germination rate

(86.3 %) of somatic embryos was observed on 1/2-strength

MS medium containing 1.0 mg/L BA. Furthermore, all

most germinated somatic embryos, swelled in size and

turned green (Fig. 2e), finally developed into bipolar

plantlets on this medium (Fig. 2f).

Optimization of transformation parameters

Various concentrations of Kan (25–100 mg/L) were used

to determine the threshold for selective putative trans-

formed secondary somatic embryos. The results showed

that 100 mg/L Kan was the most optional level.

Effect of secondary somatic embryos type

on transformation

Embryos state (different types of somatic embryo) signif-

icantly affected the frequency of GUS transient expression.

The best results, 69.8 % GUS expression, were obtained in

somatic embryo clumps (0.02–0.04 g) at globular stages.

While the smaller clumps (0–0.01 g) and cotyledonary

somatic embryos exhibited a decrease in the percentage of

GUS expression explants (33.3 and 51.1 %, respectively)

(Fig. 3). Moreover no secondary somatic embryo was

induced from the smaller somatic embryos clumps

(0–0.01 g) and cotyledonary somatic embryos on the

selection and proliferation medium. When the somatic

embryo clumps (0.02–0.04 g), after co-cultivation, are

cultured on selection on selection and proliferation medium

for 3 months, kanamycin-resistant secondary somatic

embryos were produced.

Effect of co-cultivation and inoculation period

on transformation

Significant differences in the percentage of GUS respond-

ing explants were observed when varied inoculation period

were performed. The optimum time for getting the highest

Table 3 Effect of PGRs on somatic embryo proliferation

Basal

medium

2,4-D

(mg/L)

BA

(mg/L)

Proliferation

coefficient of

secondary somatic

embryos

Formation

frequency of

abnormal somatic

embryos (%)

MS 1.0 0 3.47 ± 0.89bc 12.20 ± 1.91d

1.0 0.01 4.56 ± 0.65ab 12.20 ± 1.91d

0.5 0 4.60 ± 1.86ab 13.30 ± 0.00d

0.5 0.01 5.61 ± 1.02a 20.00 ± 0.00c

1/2MS 1.0 0 3.88 ± 0.39abc 16.67 ± 3.35cd

1.0 0.01 2.98 ± 0.50c 21.10 ± 1.91c

0.5 0 3.51 ± 0.57bc 35.53 ± 3.87b

0.5 0.01 5.18 ± 1.36a 46.67 ± 5.77a

Proliferation coefficient of somatic embryos was recorded after cul-

tured on MS medium with 40 g/L glucose for 4 weeks

Values that are significantly different within columns at the 5 % level

of significance are indicated with different letters

Table 4 Effect of concentration of carbohydrate on somatic embryo

proliferation

Glucose (g/L) Proliferation coefficient

of secondary somatic embryos

30 3.48 ± 0.24b

45 4.00 ± 0.34a

60 3.20 ± 0.23b

Proliferation coefficient of somatic embryos was recorded after cul-

tured on MS medium with 1.0 mg/L 2,4-D and 0.01 mg/L BA for

4 weeks

Values that are significantly different within columns at the 5 % level

of significance are indicated with different letters

Table 5 Effect of basal medium and plant growth regulator on ger-

mination of somatic embryos in R. rugosa

Medium BA

(mg/L)

ABA

(mg/L)

TDZ

(mg/L)

Germination

frequency of

somatic embryos (%)

MS – – – 0.5 38.00 ± 5.57d

MS – – 0.5 – 32.00 ± 5.57d

MS – 0.5 – – 73.67 ± 7.51bc

MS – 1.0 – – 63.00 ± 9.64c

– 1/2MS 0.5 – – 77.67 ± 3.51ab

– 1/2MS 1.0 – – 86.33 ± 6.11a

Germination frequency of somatic embryos was recorded after cul-

tured on germination medium for 10 weeks

Values that are significantly different within columns at the 5 % level

of significance are indicated with different letters
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transient transformation efficiency was 60 min during

infectious periods (Table 6). The optimizing co-cultivation

period tests showed that although no significant differences

in transient GUS expression were observed after 2–3 days

of co-cultivation, longer co-cultivation duration led to

overgrowth of bacteria which consequently decreased

proliferations of secondary somatic embryos.

High-frequency transgenic plants production

via secondary somatic embryogenesis

Depending on effective transformation pattern via cyclic

secondary somatic embryogenesis, the transgenic somatic

embryos (Fig. 4a) were obtained after 2 months culture on

the selection and proliferation medium, the transgenic

shoots (Fig. 4b) were obtained from transgenic embryos

after 4–6 months culture on germination selective medium,

finally, the transgenic shoots of 2–3 cm were successfully

rooting in rooting selective medium (Fig. 4c). In our study,

a total of 500 explants were transformed with A. tumefac-

iens strain EHA105:p35SGUSINT, which resulted in 248

somatic embryo clumps after the first step of kanamycin

selection and 175 somatic embryo clumps showed varying

levels of GUS activity (Fig. 4a). After the germination

selection step, these transgenic somatic embryos formed

102 putative transgenic shoots. Among these, 57 rooted

plantlets showed GUS activity in both leaves and roots

(Fig. 4d), and the transformation efficiency was 11.4 %.

Rooted transgenic plantlets were transferred to soil

(Fig. 4e). The GUS-positive R. rugosa ‘Bao White’ lines

were verified for the presence of nptII gene by PCR

analysis (Fig. 5). Southern blot analysis of 5 random

selected plants that are positive in both PCR and GUS

activity test suggested that most transgenic plants harbor-

ing 1–2 copies of the Gus reporter gene (Fig. 6).

Discussion

The presented paper typically describes a stable and high-

efficiency Agrobacterium-mediated transformation proto-

col using secondary somatic embryos as explants in wood

species, and it is also the first report of effective transfor-

mation via secondary somatic embryogenesis and in R.

rugosa ‘Bao White’.

Although the method for plant regeneration via somatic

embryogenesis in R. rugosa has already been reported by

Kunitake et al. (1993) and Kim et al. (2009), the explants

used in induction of somatic embryogenesis were immature

seeds and zygotic embryo respectively. However, these

explants cannot inherit all the agronomical traits of mother

plant. In our study, somatic embryos were initiated from

in vitro-derived leaflets, which can well inherit all the ag-

ronomical traits of maternal ramet as the major vegetative

organ.

2,4-D is considered to be the most routinely used hor-

mone in somatic embryos induction in vitro culture within

most species. (Kim et al. 2009; Prange et al. 2010; Bao

et al. 2012). In our study, it was found that the addition of

certain concentration KT together with 2,4-D would affect

the induction and the morphology of somatic embryos.

0.05 mg/L KT could promote the induction of normal

somatic embryos, while 0.1 mg/L KT encourage the

expanded and thin petal-shaped embryo. One explanation

would be that the somatic embryo of R. rugosa ‘Bao

White’ was sensitive to KT, which promotes the maturation

of somatic embryo untimely.

Secondary somatic embryogenesis has been occasion-

ally reported in trees (Pinto et al. 2008; Shi et al. 2010), and
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Fig. 3 Transient GUS expression in the three types of secondary

somatic embryos from Rosa rugosa. Frequency of transient GUS

expression represent the percentage of inoculated explants displaying

GUS ? spots 7 days after infection and co-cultivation. Values shown

are mean ± standard errors. Values that are significantly different

within columns at the 5 % level of significance are indicated with

different letters

Table 6 Transient GUS expression in somatic embryos of R. rugosa

affected by infected periods and co-cultivated periods with

EHA105:p35SGUSINT

Co-cultivation

period (days)

Inoculation

period (min)

Frequency of transient

GUS expression (%)

2 40 69.53 ± 1.62ab

2 60 73.93 ± 4.35a

3 40 66.67 ± 2.89b

3 60 67.83 ± 1.96b

Frequency of transient GUS expression represent the percentage of

inoculated explants displaying GUS ? spots 7 days after infection

and co-cultivation

Values that are significantly different within columns at the 5 % level

of significance are indicated with different letters
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also has been observed in a few of R. hybrida and R.

chinese cultivars (Li et al. 2002a; Vergne et al. 2010; Bao

et al. 2012). In our study, cyclic secondary somatic

embryogenesis also can be successfully induced in R.

rugosa ‘Bao White’. Furthermore it was observed that light

condition was the key factor in the proliferation of sec-

ondary somatic embryos. The proliferation also was sig-

nificantly affected by the type of basal medium, the

concentration of carbohydrates and PGRs. In addition, the

repetitive secondary somatic embryogenesis system, eval-

uated by our study, can maintain the embryogenic potential

for more than 3 years. The optimal light intensity of

somatic embryo proliferation was 500–1,000 lux, while the

normal light intensity stimulated the accumulation of some

endogenous chlorophylls, anthocyanins and hormones in

somatic embryos, which inhibited the proliferation of

secondary somatic embryos. This makes R. rugosa ‘Bao

White’ special and distinct significantly from other

Fig. 4 Stable transformation of Rosa rugosa. a GUS positive somatic

embryos (bar 1 mm), b GUS expression in germinated shoots, CK

was the untransformed shoots (bar 1 cm), c GUS expression in

germinated plantlets before transfer to soil (bar 1 cm), d GUS

expression in whole germinated plantlets (bar 1 cm), e transgenic

plants after transfer to soil (bar 5 cm)

500bp

750bp
679bp

M P U 1 2 3 4 5 6 7 8 9Fig. 5 PCR analysis of

transformed plantlets of Rosa

rugsoa. Detection of the nptII

gene M molecular ladder,

P plasmid (positive control),

U non-transformed plantlets

(negative control), lane 1–9

putative transgenic lines of Rosa

rugosa clones
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reported Rosa cultivars (Li et al. 2002a; Vergne et al. 2010;

Bao et al. 2012). The effect of basal medium, PGRs and

carbohydrates (glucose) on the proliferation of somatic

embryos was reported in different species previously (Pinto

et al. 2008; Bao et al. 2012). However, in Rosa species,

previous work on the suitable basal medium, PGRs and

carbohydrates for proliferation of somatic embryos were

few. Bao et al. (2012) first evaluated the effects of various

types and concentrations of carbohydrates and PGRs on the

proliferation of secondary somatic embryos of R hybrida

‘samantha’ in detail. In this study, we found that in addition

to concentrations of carbohydrates and PGRs, basal med-

ium affect the proliferation of somatic embryos as well in

R. rugosa ‘Bao White’.

In some Rosa cultivars, two developmental types of

somatic embryos were observed in the germination pro-

cess, namely those with shoots only, and those with both

shoots and roots (kaur et al. 2006; Bao et al. 2012).

However, in R. rugosa ‘Bao White’, most of the germi-

nated somatic embryos had normal appearance with both

shoots and radicles (Fig. 2f). This phenomenon indicated

that the presented culture condition was suitable for ger-

mination of somatic embryo and plant regeneration, and

thus the secondary somatic embryos of R. rugosa ‘Bao

White’ have a normal bipolar morphology. A positive

effect of ABA has been observed during maturation and

germination of somatic embryos in many species (Li et al.

2002a; Mauri and Manzanera 2004; Sharma et al. 2004; Shi

et al. 2010), and the presence of TDZ also was proved to

promote the maturation of somatic embryos in some spe-

cies (Khan et al. 2006; Bao et al. 2012). Whereas in R.

rugosa ‘Bao White’, it was found that both ABA and TDZ

did not have positive effects on maturation and germination

of somatic embryos, while, BA was the most effective

hormone treatment. This fact is possibly due to the sensi-

tivity of R. rugosa’s somatic embryos to BA in the

maturation and germination progress. In some way, exog-

enous application of BA may change the endogenous

hormone levels, nucleic acid and protein synthesis, as well

as nitrogen metabolism. The actual role played by BA in

stimulating maturation of R. rugosa somatic embryos

remains unclear, and the further research on this phenom-

enon is needed. The medium strength will affect the

development of somatic embryo via directly changing

osmotic pressure (Komatsuda et al. 1992). Bao et al. (2012)

reported that the frequency of somatic embryo germination

on standard MS medium was higher than that on 1/2-

strength MS medium in R. hybrida ‘Samantha’. However,

in our study, the highest frequency of maturation and

germination of secondary somatic embryos was achieved

on1/2-strength MS. This result is concordant with the

finding in R. hybrida ‘arizona’ (Murali et al. 1996).

Agrobacterium-mediated transformation via somatic

embryogenesis have reported in many Rosa species (Dohm

et al. 2001; Li et al. 2002b; Kim et al. 2004; Katsumoto

et al. 2007; Vergne et al. 2010). In contrast to most pre-

vious reports on rose transformation which using

embryogenic callus as target of transformation (Li et al.

2002b; Kim et al. 2004; Katsumoto et al. 2007), secondary

somatic embryos was used in our study. Though it is

confirmed to resist stubbornly generating embryogenic

callus in R. rugosa ‘Bao White’, a stable and efficient

Agrobacterium-mediated transformation protocol using

secondary somatic embryos explants was developed in the

first time by us. Same inoculation material was chosen by

Dohm et al. (2001). However, in our study, the transgenic

plants were regenerated via secondary somatic embryo

proliferation and germination instead of adventitious

shoots formation in their study.

Several factors play major roles in Agrobacterium-

mediated transformation. 1 h of inoculation accomplished

with 2 days of co-cultivation was the optimum transfor-

mation pattern, which is consistent with the report on

transformation of Rosa chinensis ‘Old Blush’ (Vergne et al.

2010). However, in contrast to Vergne et al. (2010), km-

resistance buds directly produced by transformed cotyle-

donary embryos can grow to shoots, and died in the

selection procedure. The best results were achieved with

0.02–0.04 g somatic embryo clumps. As active cellular

division was thought to be important for Agrobacterium

transformation (Peña et al. 2004), this fact may be

explained by that 0.02–0.04 g somatic embryo clumps

contains a greater number of active embryogenic cells,

compared with smaller clumples, and cotyledonary

embryos. In our study, three selection procedures, includ-

ing cyclic secondary somatic embryogenesis, germination

and rooting respectively, were extremely necessary to

transformation of R. rugosa ‘Bao White’. After all these

procedures, untransformed escapes were almost eliminated.

1 2 3 4 U 5

10Kb

15Kb

7500bp

Fig. 6 Southern blot analysis of DNA extracted from transgenic

plantles. Genomic DNA was digested with the restriction enzyme

EcoRI and hybridized with an GUS probe labeled with biotin. U non-

transformed plantlets (negative control), lane 1–5 putative transgenic

lines of Rosa rugosa clones
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GUS activity and southern blot analysis not only confirmed

stable integration of GUS reporter gene into the plant

genome, but also verified that a high percentage of positive

transgenic plants (11.4 %) were generated. In the previous

reports of transformation in rose, the highest transforma-

tion efficiency (15.6 %) was obtained by Marchand et al.

(1998) via biolistic methods. While for Agrobacterium-

mediated transformation, the transformation efficiency was

among 2–9 %, the highest of which (9 %) was Li et al.

(2002a, b) in a Agrobacterium-mediated transformation of

embryogenic callus by taking advantage of induced sec-

ondary somatic embryogenesis. In this study, based on

secondary somatic embryogenesis and three selection

procedures, a higher transformation efficiency of 11.4 %

was achieved using somatic embryos as explants.

In conclusion, primary and cyclic secondary somatic

embryogenesis procedure was established in a commercial

woody species-R. rugosa ‘Bao White’. Based on this effi-

cient regeneration system, successful Arobactierum-medi-

ated transformation protocol was founded and improved

via repetitive secondary somatic embryogenesis system,

which was robustly confirmed by GUS activity and

Southern blot analysis The transformation system descri-

bed here opens up an avenue for future genetic improve-

ment programs, including disease resistance and secondary

metabolism engineering, for this important industrial fra-

grance oil bearing crop.
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