-

P
brought to you by . CORE

View metadata, citation and similar papers at core.ac.uk

provided by Wageningen University & Research Publications

Plant Cell Tiss Organ Cult (2011) 104:111-117
DOI 10.1007/s11240-010-9797-2

RESEARCH NOTE

Shoot organogenesis in leaf explants of Hydrangea macrophylla
‘Hyd1’ and assessing genetic stability of regenerants using ISSR

markers

Feng Liu - Li-Li Huang - Yang-Li Li -
Poula Reinhoud - Maarten A. Jongsma *
Cai-Yun Wang

Received: 30 April 2010/ Accepted: 10 July 2010/ Published online: 23 July 2010

© Springer Science+Business Media B.V. 2010

Abstract For the first time, an in vitro regeneration
protocol of Hydrangea macrophylla ‘Hydl’ was devel-
oped. Effects of different plant growth regulators (PGRs)
on shoot regeneration were investigated jointly with
selecting optimal basal media and cefotaxime concentra-
tions. The highest frequency of shoot organogenesis
(100%) and mean number of shoots per explant (2.7) were
found on Gamborg B5 basal medium supplemented with
2.25 mg/1 6-benzyladenine (BA), 0.1 mg/l Indole-3-butyric
acid (IBA), 100 mg/l cefotaxime and 30 g/l sucrose
solidified by 7 g/l agar. Regenerated shoots were rooted by
culturing on perlite plus half strength liquid B5 basal
medium with 0.5 mg/l NAA. Rooted plantlets were trans-
planted to the greenhouse with 100% survival rate. Genetic
stability of 32 plantlets (one mother plant and 31 regen-
erants) was assessed by 44 ISSR markers. Out of 44 ISSR
markers, ten markers produced clear, reproducible bands
with a mean of 5.9 bands per marker. The in vitro regen-
eration protocol is potentially useful for the genetic trans-
formation of Hydrangea macrophylla ‘Hyd1’.
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Abbreviations
BS5 Gamborg B5 medium
BA 6-benzyladenine

TIAA Indoleacetic acid
IBA Indole-3-butyric acid
ISSR  Inter simple sequence repeat

MS Murashige and Skoog medium

NAA  «a-Naphthalene acetic acid

PCR Polymerase chain reaction

RAPD Random amplified polymorphic DNA
WPM  Woody plant medium

Introduction

Hydrangea species originate from China and Japan
(Kesumawati et al. 2006), and are well known ornamental
plants in Europe, North America and Asia. They are grown
commercially as potted plants and as cut flowers with large,
round flowerheads of various colours ranging from white to
purple, pink and red. Production schedules to fulfill the
demands for holiday markets at Christmas, Valentine’s Day,
Easter and Mother’s Day are well established by mimicking
the natural phenology, subjecting plants to specific
temperature and humidity regimes (Bailey 1989). Low
temperature (4—7°C) and high humidity are indispensable
for flower bud breaking (Guo et al. 1995). During this cold
period, Hydrangea is vulnerable to the fungus Botrytis. As
the cold period is unavoidable, breeders are turning to
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genetic engineering to increase resistance to Botrytis. For
Hydrangea, a transformation system for in vivo analysis of
gene functions is not yet available. Therefore, the develop-
ment of an efficient regeneration system is a prerequisite for
genetic modification of this important ornamental plant.

As with many woody species, the establishment of an
efficient regeneration system in Hydrangea has not yet been
successful. Very little has been reported on the
micropropagation and regeneration of Hydrangea in vitro.
Sebastian and Heurser (1987) reported that if unfolded new
leaves from Hydrangea quercifolia were placed on MS
medium (Murashige and Skoog 1962) with 10 uM zeatin
combined with gibberellic acid (GA3) and indoleacetic acid
(TAA), leaves would differentiate into callus and shoots
would proliferate. Those experiments showed that adven-
titious shoots could form from leaf callus, but the detailed
data on adventitious shoot formation are lacking. Ledbetter
and Preece (2004) reported effects of Thidiazuron (TDZ) on
H. quercifolia adventitious shoot production. Combining
MS medium with 1 uM IBA, and a low concentration of
TDZ (0.05 uM) stimulated the formation of fewer, but more
elongated shoots, whereas the highest concentration of TDZ
(5 uM) resulted in leaf explants heavily callused and with
many tiny short shoots. However, for practical applications
in Hydrangea propagation this phytohormone is currently
too expensive. Doil et al. (2008) reported that 6-benzylad-
enine (BA) rather than TDZ could induce higher regener-
ation rates for Hydrangea macrophylla ‘Nachtigall .
Boccon-Gibod et al. (2000) found that sugar was an
important factor determining regeneraton of the Hydrangea
cultivars ‘Blaumeise’, ‘Messalina’ and ‘Red Barons’. They
reported that maltose and sucrose out of five sugars gave the
best regeneration rate of approximately 80%.

Somaclonal variation can occur during in vitro culture
and regeneration. Molecular marker techniques are at
present powerful and reliable tools to analyze genetic sta-
bility of in vitro regenerants. Randomly Amplified Poly-
morphic DNA (RAPD), Simple Sequence Repeat (SSR),
flow cytometric analysis and morphology analysis (Jin
et al. 2008) can be used to determine stability of regener-
ants. The Inter Simple Sequence Repeats (ISSR) technique
has been used most frequently, because of its reproduc-
ibility, simplicity and cost-effectiveness. Applications of
ISSR have been well documented by Joshi and Dhawan
(2007) and Lakshmanan et al. (2007).

Cefotaxime is an antibiotic used to control Agrobacterium
tumefaciens after infection to induce plant genetic transfor-
mation. Cefotaxime is known to generally reduce or even
inhibit plant regeneration, except in wheat where it promotes
regeneration (Yu and Wei 2007). It may be important,
therefore, to test effects of different concentrations on
regeneration of different plant species prior to using it in
transformation experiments.
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The aim of the study presented here was to develop
a reproducible and efficient regeneration system for
H. macrophylla ‘Hyd1’, which is one of the elite cultivars of
the Hydrangea Breeders Association B.V. in the Netherlands.
The ability of the regeneration protocol of ‘Hyd1’ to deliver
genetically identical and stable regenerants was assessed by
ISSR markers. The study provides the first necessary step for
the establishment of a genetic transformation system for
Hydrangea by Agrobacterium tumefaciens.

Materials and methods
Plant materials and establishment of stock cultures

Shoot buds were obtained from elite plants of
H. macrophylla ‘Hydl’ growing in the greenhouses of
Agriom B.V. in the Netherlands. They were washed with
running tap water for 60 min, soaked in 70% (v/v) ethanol
for 1 min, containing 1% (v/v) sodium hypochlorite and
5-10 drops/l of Tween-20 as wetting agent for 20 min and,
finally, they were rinsed six times with sterile distilled
water. Under laminar flow, meristem tips were isolated
from the shoot buds using a stereomicroscope. Tips,
approximately 1 mm in length, were cultivated axenically
on half strength Gamborg BS5 basal medium (Gamborg
et al. 1968) without plant growth regulator (PGR) and
supplemented with 10 g/l sucrose and 7 g/l agar. After
60 days of culture, shoot buds and stems obtained were
excised and re-cultivated in the same basal medium
solidified with 7 g/l agar for shoot propagation. The stock
culture was sub-cultured at 30 days intervals. The pH of
media was adjusted to approximately 6.0 before autoclav-
ing at 121°C for 20 min.

Induction of adventitious shoots on ‘Hyd1’ leaf
explants

Two pairs of leaves unfolding from the apical meristem
were excised from stock cultures in vitro (Fig. 1a). Each
leaf explant with the petiole and leaf tip removed was given
a transverse cut twice across the middle vein (Fig. 1a) and
placed with their abaxial sides on the medium.

In this culturing stage, we evaluated plant growth reg-
ulators PGRs types and concentrations, basal medium
composition and cefatoxime effects on shoot regeneration.

Effects of PGRs-Incubating leaf explants on a B5 basal
medium supplemented with 30 g/l sucrose and 7 g/l agar
against various combinations of PGRs: 0, 1.0, 2.25, and
3.5 mg/l BA in combination with 0, 0.05, 0.1, and 0.2 mg/1
Indole-3-butyric acid (IBA), or with 0, 0.05, 0.1, and
0.2 mg/le-Naphthalene acetic acid (NAA) were investigated
(Table 1).
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Fig. 1 In propagation of Hydrangea macrophylla ‘Hyd1’ via direct
organogenesis from the leaf explants. a Shoot propagated from a
meristem of ‘Hyd1’ stock culture, and two leaf explants derived from
the top two pairs of leaves of the apical shoot. The leaf on the right
shows the way the explant was cut before cultivation on the media
(Bar: 1 cm). b Adventitious shoots regenerated from the cut edge of
leaf explant of ‘Hyd1’ (Bar: 1 cm). ¢ Induction of adventitious shoots
via direct organogenesis on BS medium supplemented with 2.25 mg/1
BA and 0.1 mg/l IBA 50 days after culture (Bar: 1 cm). d Comparison
of rooted plantlets (i) cultured on perlite: liquid half strength B5 basal
medium = 2:1 (v/v) plus 0.5 mg/l NAA and (ii) cultured on half
strength B5 basal medium containing 0.5 mg/l NAA, 30 g/l sucrose
and solidified with 7 g/l agar (Bar: 1 cm). e Acclimatized plantlets
growing ex vitro conditons (Bar: 5 cm)

Effects of basal media-Basal media B5 (Gamborg et al.
1968), MS (Murashige and Skoog 1962) or WPM (Lloyd
and McCown 1980) supplemented with 30 g/l sucrose, 7 g/l
agar, and 2.25 mg/l BA and 0.1 mg/l IBA were tested
(Table 2).

Effects of cefotaxime sodium salt (BBI, Canada)-Con-
centrations of 0, 100, 150, 200 and 250 mg/l in BS medium

Table 1 The effect of PGRs on shoot formation from leaf explants of
H. macrophylla ‘Hydl’

IBA NAA BA Organogenes Mean no. of

(mg/l) (mg/l) (mg/l) frequency (%) shoots per
explant

- - - 0+ 0k 0+ 0f

- - 1.0 17 & 2.9gh 1.0cd

- - 2.25 17 & 2.9gh 1.0cd

- - 35 8.3 £ 5.0ij 1.0cd

0.05 - - 0+ 0k 0+ 0f

0.05 - 1.0 33 £ 29k 0.7 & 0.6de

0.05 - 2.25 33 +£2.9d 1.4 + 0.2bc

0.05 - 35 50 £ 2.9¢ 1.1 £ 0.2cd

0.1 - - 0 £ Ok 0 £ Of

0.1 - 1.0 13 £ 2.9hi 1.1 £ 0.2cd

0.1 - 2.25 79 £ 2.3a 22 +03a

0.1 - 35 23 £ 2.9ef 1.2 £ 0.2¢

0.2 - - 0+ 0k 0+ 0f

0.2 - 1.0 12 £ 5.8hi 1.0cd

0.2 - 2.25 12 £ 2.9hi 1.0cd

0.2 - 35 26 £ 2.1ef 1.1 £ 0.1cd

- 0.05 - 0 £ Ok 0+ 0f

- 0.05 1.0 27 £ 7.6e 1.0cd

- 0.05 2.25 67 + 5.8b 1.7 £ 0.1b

- 0.05 35 45 £ 5.0c 1.6 £ 0.2b

- 0.1 - 0+ 0k 0+ 0f

- 0.1 1.0 20 £ 5.0fg 1.0cd

- 0.1 2.25 33 +£2.9d 1.4 £+ 0.2bc

- 0.1 35 5.0 £ 5.0jk 0.7 £ 0.6de

- 0.2 - 0 £ Ok 0 £ Of

- 0.2 1.0 0 + 0k 0+ 0f

- 0.2 2.25 5 + 55k 0.7 & 0.6de

- 0.2 35 1.7 £ 2.9k 0.3 & 0.6ef

Means within the same column with different letters are significantly
different at 0.05 level of probability based on Duncan’s multiple
range test

supplemented with 2.25 mg/l BA, 0.1 mg/l IBA, 30 g/l
sucrose and 7 g/l agar were investigated (Table 3).

The pH of the medium was adjusted to 6.0 before
autoclaving at 121°C for 20 min. Cefotaxime sodium salt
was sterilized by filtration and added to the autoclaved
medium when it temperature was about 50°C.

Culture conditions

Stock culture and leaf explants were initially incubated in
darkness in a culture chamber at 25 4 2°C. Subsequently,
explants were incubated under a 14/10-h (light/dark) pho-
toperiod with light supplied by cool-white fluorescent
lighting at an intensity of 60 pmol m2 s~ ".
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Table 2 Effect of basal medium on shoot obtained from the leaf
explants of H. macrophylla ‘Hyd1’

Basal medium Organogenes Mean no. of
frequency (%) shoots per
explant
B5 77 £ 5.0a 2.1 +0.2a
WPM 32 +£29b 1.4 £ 0.1b
MS 5.0 £ 1.0c 1.0 £ Oc

Means within the same column with different letters are significantly
different at 0.05 level of probability based on Duncan’s multiple
range test

Table 3 Effect of cefotaxime on shoot formation from leaf explants
of H. macrophylla ‘Hydl’

Cefotaxime (mg/l) Organogenes Mean no. of

frequency (%) shoots per
explant

0 74 £ 4.0b 1.9 £ 0.1b

100 100a 2.7+ 0.1a

150 80 £ 8.7b 2.8 + 0.5a

200 83 + 7.6b 2.8 £0.1a

250 87 £ 10b 24+ 0.2a

Means within the same column with different letters are significantly
different at 0.05 level of probability based on Duncan’s multiple
range test

Rooting and acclimatization

Regenerated shoots were excised from individual leaf
explants when they were 3-5 mm long, and transferred to
vessels containing 30 ml half strength B5 basal medium
supplemented with 10 g/l sucrose and solidified with 7%
agar for shoot growth. Shoots of 1 cm were used to opti-
mize in vitro rooting of ‘Hydl’. Eight treatments were
tested: Liquid half strength BS basal medium was added to
perlite in a ratio of 1:2 (v/v) with 4 different concentrations
of NAA (0.2, 0.5, 1.0 and 2.0 mg/l), and in a second series
half strength B5 basal medium with 4 different concen-
trations of NAA (0.2, 0.5, 1.0 and 2.0 mg/l) was supple-
mented with 3% sucrose, and solidified with 7% agar.
Rooted plantlets of 3 cm were transplanted to plastic pots
containing autoclaved vermiculite-soil (1:1 v/v). The pots
were covered with plastic film for 2 weeks, and then
moved to a greenhouse with watering at 2—-3 days intervals.

DNA extraction and PCR amplification conditions

Total DNA was extracted from leaf material of stock cul-
tures that were used as leaf explants for the regeneration
experiments, and from 31 regenerants growing in vitro
according to Aljanabi and Martinez (1997). Quality and
quantity of DNA was monitored by spectrophotometry and
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gel inspection. Each sample was diluted in 0.5 x TE-buf-
fer (Fermentas, Vilnius, Lithuania) at concentrations
ranging from 300 to 900 mg/l and stored at 4°C. Ten
primers were selected from a total of 44 ISSR primers
(Sangon Biotech Inc, Shanghai, China) for genetic analysis
(Table 5). ISSR amplifications were performed in a volume
of 20 pl containing 20-30 ng template DNA, 1.0 uM pri-
mer, Ixreaction buffer (Fermentas), 2.0 mM MgCl,,
0.3 mM dNTPs and 1U Tag DNA polymerase (Fermentas).
The amplification reaction consisted of an initial denatur-
ation step at 94°C for 3 min, followed by 38 cycles of
denaturation at 94°C for 30 s, annealing at 50-57°C
(Table 5) for 1 min, extension at 72°C for 90 s and a final
extension at 72°C for 10 min. Amplifications were per-
formed in a PTC-100 thermocycler (Bio-RAD, Singapore).
DNA amplification products were separated in a 2% aga-
rose gel using 1 xTAE buffer and stained with ethidium
bromide (EB).

Experimental design and data analysis

Each regeneration experiment was replicated three times
with at least 20 leaf explants per treatment. The frequency
of shoot organogenesis and mean number of shoots per
explant were determined 50 days after inoculating leaf
explants on different media. For the rooting experiment, 16
shoots were selected per treatment. The experiment was
done in two replications. All data were analyzed by SAS v.
8.0. Analysis of variance (ANOVA) was used to test the
statistical significance, and the significance differences
of means was calculated using Duncan’s multiple range
test at P < 0.05 level. For genetic analysis, only clear and
reproducible bands were scored. Data were scored as 1 for
the presence and O for the absence of a DNA band in each
sample. The similarity coefficients were determined using
the NTSYSpc 2.10e software package (Rohlf 2000).

Results and discussion

Effects of different PGR combinations on adventitious
shoot induction

To generate in vitro materials explants were sterilized from
elite lines growing in the greenhouse. Contaminated shoot
tips were observed and removed within 1-3 weeks. Clean
healthy shoots of ‘Hyd1’ were used for micro-propagation
(Fig. 1a). Most cultured nodal segments produced 1-3
shoots from axillary buds within approximately 1 week.
One month later, leaves from these shoots were used as
explants for plant regeneration (Fig. 1a).

Leaf explants from proliferating shoots were inoculated
on different adventitious shoot induction media. After
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30 days in culture, adventitious shoot buds emerged
directly from the cut edges of leaf explants (Fig. 1b, c).
Among all 28 treatments (Table 1), the combination of
2.25 mg/l BA and 0.1 mg/l IBA resulted in the highest
regeneration efficiency (78.7% of leaf explants to form
adventitious buds) and the highest mean number of shoots
per explant (2.2 shoots per explant) (Table 1). The second
highest regeneration efficiency (67%) was achieved by a
treatment of 2.25 mg/l BA and 0.05 mg/l NAA (Table 1).
Prolific roots were observed on explants on medium with
NAA combinations. Leaf explants which spontaneously
produced roots lost the capacity of shoot organogenesis
during subculturing (data not shown). ANOVA analysis
demonstrated significant differences for both frequency of
shoot organogenesis and mean number of shoots per
explant among combination of 2.25 mg/l BA and 0.1 mg/l
IBA, the rest combinations of BA and IBA and combina-
tions of BA and NAA.

Early research by Skoog and Miller (1957) demon-
strated that the developmental fate of regenerating tobacco
pith cells in tissue culture could be directed by the balance
of cytokinin and auxin added to the growth medium. In
relative terms, higher cytokinin/auxin ratios promoted
shoot formation, and lower ratios favored the formation of
roots. In the present study, the regeneration frequencies
increased when the ratios of BA/IBA increased from 1.0/
0.05 to 3.5/0.05 (Table 1). However, organogenesis fre-
quencies displayed a parabolic shape when combinations
of BA/IBA varied among 2.25/0, 2.25/0.05, 2.25/0.1 and
2.25/0.2 (Table 1). This indicated that specific BA/IBA
ratios were more optimal for shoot formation than lower or
higher ones. The strong influence of increasing BA con-
centrations on shoot formation in treatments relative to
fixed IBA or NAA concentrations was described in a
regeneration study of pistachio too (Tilkat and Onay 2009),
and similarly for somatic embryogenesis and organogene-
sis in callus cultures of Albizzia richardiana King (Tomar
and Gupta 1988). IBA was more effective than NAA on
Euphorbia esula shoot induction (Xu et al. 2008). Our
results similarly demonstrate that also for H. macrophylla
‘Hyd1’, IBA has the strongest positive influence on shoot
induction compared to NAA. Ledbetter and Preece (2004)
reported that TDZ had a highly significant effect on pro-
duction of adventitious shoots and dry weight accumula-
tion when Hydrangea quercifolia leaf explants were used.
However, pre-experiments showed that the regeneration
rate could not be improved further by replacing TDZ with
Kinetin when our explants were used (data not shown).

Effect of basal media on adventitious shoot induction

The composition of the basal media B5S, WPM and MS
significantly influenced the efficiency of adventitious shoot

formation and mean number of shoots per explant. The
highest frequency of leaf explants producing shoots (77%)
and the highest mean number of shoots per explant
(2.1) were observed on B5 medium supplemented with
2.25 mg/l BA and 0.1 mg/l IBA (Table 2). These results
were coincided with Doil et al. (2008) who reported that
half strength BS medium was more effective than MS
medium on the shoot induction of Hydrangea macrophylla
‘Nachtigall’. BS medium might led to a higher frequency
of shoot formation of ‘Hyd1’ leaf explants due to the lower
concentration ammonium salts compared to MS and WPM
media. WPM was reported to be an appropriate medium for
woody plants regeneration (Gu and Zhang 2005), but
apparently not for H. macrophylla ‘Hydl’ which is also
considered a woody plant species.

Effect of cefotaxime on adventitious shoot induction

Results of regeneration experiments using the bacterial
antibiotic cefotaxime showed that shoot formation was
most efficient (100%) on medium supplemented with
100 mg/l cefotaxime (Table 3). Higher cefotaxime con-
centrations (150, 200, 250 mg/l) reduced organogenesis
frequencies to 80-87% (Table 3). These results interest-
ingly demonstrated that cefotaxime did not inhibit ‘Hyd1’
shoot induction, but could even promote the regeneration.
Similar results were obtained for wheat mature embryo
regeneration (Yu and Wei 2007). In this report, a possible
explanation was made that cefotaxime was converted by
cell motebolism to an unknown compound with phyto-
hormone activity. But no convincing evidence was pre-
sented. Agrobacterium tumefaciens kill curves indicated
that 200 mg/l cefotaxime inhibits bacterial growth satis-
factorily (data were not shown) and should be used in
future transformation experiments.

Rooting and acclimatization

For any micropropagation protocol, successful rooting of in
vitro microshoots is a pre-requisite to facilitate establish-
ment in soil. Comparing perlite and agar as medium for
rooting and subsequent transplanting, shoots of ‘Hydl’
embedded in perlite performed much better than in agar
(Fig. 1d). This result was similar to a report about rooting
of in vitro shoots of Simmondsia chinensis (Mills et al.
2009). The higher growth and rooting in perlite substrate is
due to the superior aeration supporting root growth
(Nguyen et al. 1999). Shoots cultivated in agar only
developed thin short roots on the stem section outside the
medium rather than on the stem section inside the medium
(Fig. 1d). These roots was exposed to the air, but had
insufficient access to nutrients from the medium, resulting
in slow growth. Auxins such as NAA or IBA are usually
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Table 4 Effect of different media and levels of NAA on roots
induction from shoots of H. macrophylla ‘Hydl’

Media NAA Root number Root length
(mg/l) (>0.2 cm) (>0.2 cm)

P: L1/2B5* 0.2 6.6 + 1.7a 1.5 £ 0.3a
0.5 7.3 £ 09a 1.1 £0.2b
1.0 5.8 £ 09a 0.9 £+ 0b
2.0 4.1+ 1.1b 0.5 £ 0.1c

S 1/2B5° 0.2 3.4 £ 0.7bc 09 £ 0.1b
0.5 22+£04cd 0.5 £ 0.1c
1.0 1.7 £ 1.5d 0.4 +0.2¢c
2.0 1.0 + 0.8d 0.3 £ 0.2c

Means within the same column with different letters are significantly
different at 0.05 level of probability based on Duncan’s multiple
range test

# Perlite: liquid half strength Gamborg’s B5 medium (v/v)=2:1

° Half strength Gamborg’s B5 medium plus 3% sucrose and solidi-
fied by 7% agar

Table 5 List of ISSR primers used to score genetic variation in
‘Hyd1’

Primers 5'-3' motif Annealing Number of Size range
temperature (°C) scorable bands (bp)
per primer
P836 (AG)sYA 55 6 300-1,100
P840 (GA)YT 57 5 300-1,000
P846 (CA)RT 53 5 200-1,000
P848 (CASRG 57 4 250-1,200
P856 (AC)sYA 55 8 400-1,100
P859 (TG)sRC 57 5 250-1,000
P864 (ATG)s 56 8 250-1,700
P866 (CTC)e 56 6 300-1,400
P873 (GACA), 54 4 300-1,200
P876 (GATA), 50 8 250-1,400

used as root induction PGRs. Higher NAA concentrations
reduced root number and root length in both agar and
perlite. The highest root number (7.3) was found in perlite

100bp

medium supplemented with 0.5 mg/l NAA (Table 4).
When rooted plantlets (Fig. le) were transplanted in the
greenhouse, they exhibited 100% survival rate. This root-
ing protocol could reduce costs in commercial Hydrangea
micropropagation due to the lower price of perlite relative
to agar.

Somaclonal variation analysis

Forty-four ISSR primers were used to screen for the
regeneration plantlets. Only 10 primers gave more than
four clear and scorable bands, and were used for ISSR-
PCR. Fifty-nine scorable bands were selected, ranging in
size from 250 bp to 1.7 kb (Table 5). The number of bands
for each primer varied from 4 to 8, with an average of 5.9
bands per ISSR primer. A total of 1,857 bands were gen-
erated by ISSR techniques, giving rise to monomorphic
patterns across 32 plantlets analyzed. Similarity coeffi-
cients among 32 samples ranged from 0.980 to 0.983 with a
mean of 0.982. Thirty-two regenerants did not deviate at all
from the parental genotype. Figure 2 is an example of
monomorphic bands obtained with ISSR primers.

Many studies have used PCR-based techniques such as
SSR, RAPD and AFLP to determine somaclonal variation of
regenerants. The variations can be due to gene amplification,
chromosomal irregularities, point mutation and alteration in
DNA methylation during in vitro culture (Saker et al. 2000).
Genetic stability was reported for plants such as gerbera
micropropagated from capitulum, leaf and shoot tips (Bhatia
et al. 2009), a monopodial orchid hybrid with multiple
shoots induced from seedlings (Kishor and Devi 2009),
micropropagation in banana (Lakshmanan et al. 2007),
Cymbopogon flexuosus regenerated from somatic embryo-
genesis (Bhattacharya et al. 2008) and almond plantlets
propagated from axillary branches (Martins et al. 2004). In
the case of Hydrangea ‘Hyd1’, ISSR markers were used to
evaluate the genetic stability of plantlets regenerated
through direct organogenesis. The results obtained sug-
gested that direct organogenesis on ‘Hydl’ leaf explants
induced by BA and IBA carry a low risk of generating
somaclonal variants. A further study of phenotypical

1000bp

- T50bp

S00bp

250bp

100bp

Fig. 2 Inter simple sequence repeats (ISSR) amplification pattern obtained for a mother plant (1), and regenerants (2-32) of in vitro Hydrangea

macrophylla ‘Hyd1’ using primer P856. M: DL2000
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differences in plant habit and flowering of ‘Hyd1’ regener-
ants will be done as additional indexes of true-to-type
micropropagation.

Acknowledgments The work was supported by Agriom B.V.
(the Netherlands), and the Dutch EVD Asia Facility for China program
(project no. AFO5CHO1).

References

Aljanabi SM, Martinez I (1997) Universal and rapid salt-extraction of
high quality genomic DNA for PCR-based techniques. Nucleic
Acids Res 25:4692-4693

Bailey DA (1989) Hydrangea production. Timber press growers
handbook series. Allan M. Armitage, Portland, p 91

Bhatia R, Singh KP, Jhang T, Sharma TR (2009) Assessment of
clonal fidelity of micropropagated gerbera by ISSR markers. Sci
Hortic 119:208-211

Bhattacharya S, Dey T, Bandopadhyay TK, Ghosh PD (2008) Genetic
polymorphism analysis of somatic embryo-derived plantlets of
Cymbopogon flexuosus through RAPD assay. Plant Biotechnol
Rep 2:245-252

Boccon-Gibod J, Billard C, Maltete S, Cadic A (2000) In vitro
regeneration system of Hydrangea macrophylla plantlets from
leaves and internodes. Acta Hortic 508:229-231

Doil A, Zhang R, Schum A, Serek M, Winkelmann T (2008) In vitro
regeneration and propagation of Hydrangea macrophylla Thunb.
‘Nachtigall’. Propag Ornom Plants 8:151-153

Gamborg OL, Miller RA, Ojima K (1968) Nutrient requirements
suspension cultures of soybean root cells. Exp Cell Res
50:151-158

Gu XF, Zhang JR (2005) An efficient adventitious shoot regeneration
system for Zhanhua winter jujube (Zizyphus jujube Mill.) using
leaf explants. Plant Cell Rep 23:775-779

Guo ZM, Goi M, Fukai TS (1995) Effects of temperature and
photoperiod on the bud formation of Hydrangea. Tech Bull Fac
Agric Kagawa Univ 47:23-31

Jin SX, Mushke R, Zhu HG, Tu LL, Lin ZX, Zhang YX, Zhang XL
(2008) Detection of somaclonal variation of cotton (Gossypium
hirsutum) using cytogenetics, flow cytometry and molecular
markers. Plant Cell Rep 27:1303-1316

Joshi P, Dhawan V (2007) Assessment of genetic fidelity of
micropropagated Swertia chirayita plantlets by ISSR marker
assay. Biol Plantarum 51:22-26

Kesumawati E, Kimata T, Uemachi T, Hosokawa M, Yazawa S
(2006) Correlation of phytoplasma concentration in Hydrangea
macrophylla with green-flowering stability. Sci Hortic 108:
74-78

Kishor R, Devi HS (2009) Induction of multiple shoots in a
monopodial orchid hybrid (Aerides vandarum Reichb.f x Vanda
stangeana Reichb.f) using thidiazuron and analysis of their
genetic stability. Plant Cell Tiss Org Cult 97:121-129

Lakshmanan V, Sreedhar RV, Bhagyalakshmi N (2007) Molecular
analysis of genetic stability in long term micropropagated shoots
of banana using RAPD and ISSR markers. Electron J Biotechnol
10:1-8

Ledbetter DI, Preece JE (2004) Thidiazuron stimulates adventitious
shoot production from Hydrangea quercifolia Bartr. leaf explants.
Sci Hortic 101:121-126

Lloyd G, McCown B (1980) Commercially-feasible micropropaga-
tion of mountain laurel, Kalmialatifolia, by use of shoot-tip
culture. Comb Proc Int Plant Propagators Soc 30:421-427

Martins M, Sarmento D, Oliveira MM (2004) High genetic stability of
micropropagted almond plantlets, as assessed by RAPD and
ISSR markers. Plant Cell Rep 23:492-496

Mills D, Zhou YQ, Benzioni A (2009) Effect of substrate, medium
composition, irradiance and ventilation on jojoba plantlets at the
rooting stage of micropropagation. Sci Hortic 121:113-118

Murashige T, Skoog F (1962) A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiol Plantarum
15:473-497

Nguyen QT, Kozai T, Nguyen UV (1999) Effects of sucrose
concentration, supporting material and number of air exchanges
of the vessel on the growth of in vitro coffee plantlets. Plant Cell
Tiss Org Cult 58:51-57

Rohlf FJ (2000) NTSYS-pc: numerical taxonomy and multivariate
analysis system. Exeter Software, New York

Saker MM, Bekheer SA, Taha HS, Fahmy AS, Moursy HA (2000)
Detection of somaclonal variations in tissue cultured-derived
date palm plants using iso-enzyme analysis and RAPD finger-
prints. Biol Plantarum 43:347-351

Sebastian TK, Heurser CW (1987) In vitro propagation of Hydrangea
quercifolia Bartr. Sci Hortic 31:303-309

Skoog F, Miller CO (1957) Chemical regulation of growth and organ
formation in plant tissue cultured in vitro. Symp Soc Exp Biol
54:118-131

Tilkat E, Onay A (2009) Direct shoot organogenesis from in vitro-
derived mature leaf explants of pistachio. In Vitro Cell Dev-Pl
45:92-98

Tomar UK, Gupta SC (1988) Somatic embryogenesis and organo-
genesis in callus cultures of a tree legume-Albizzia richardiana
King. Plant Cell Rep 7:70-73

Xu B, Dai WH, Chao WS (2008) An efficient method for in vitro
regeneration of leafy spurge (Euphorbia esula L.) in vitro. Cell
Dev-Pl 44:548-556

Yu Y, Wei ZM (2007) Factors affecting efficient plant regeneration
from wheat mature embryos. J Mol Cell Biol 40:444-450

@ Springer



	Shoot organogenesis in leaf explants of Hydrangea macrophylla ‘Hyd1’ and assessing genetic stability of regenerants using ISSR markers
	Abstract
	Introduction
	Materials and methods
	Plant materials and establishment of stock cultures
	Induction of adventitious shoots on ‘Hyd1’ leaf explants
	Culture conditions
	Rooting and acclimatization
	DNA extraction and PCR amplification conditions
	Experimental design and data analysis

	Results and discussion
	Effects of different PGR combinations on adventitious shoot induction
	Effect of basal media on adventitious shoot induction
	Effect of cefotaxime on adventitious shoot induction
	Rooting and acclimatization
	Somaclonal variation analysis

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


