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Rapid Shoot Propagation from Micro-Cross Sections of Kiwifruit
(Actinidia deliciosa cv. ‘Hayward’)
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Kiwifruit shoots can be rapidly propagated through a micro-cross section (MCS) system we established here. Optimal culture
conditions were determined for different explant types, section sizes, and concentrations of inorganic salts and plant growth
regulators. Rates of survival and callus formation were higher in half-strength MS salts than in full-strength MS media. Similar
performance (i.e., survival and callus formation) was achieved with section sizes of either 800 pm or 1200 pm. Proliferation
efficiency was greatest when explants from stem tissue were cultured on 1/2 MS supplemented with 4.5x107% uM 2,4-dichlo-
rophenoxyacetic acid and 4.6x10°" uM zeatin. The number of shoots averaged 2.61 per explant, representing an efficiency of
94%. RAPD analysis revealed that the regenerated plants from our MCS system were genetically stable. These results show
that the culturing of micro-cross sections from stem tissue is a powerful method for kiwifruit propagation.
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The genus Actinidia, or kiwifruit, includes 66 species and
118 taxa that originated in China and neighboring countries.
These primarily deciduous plants are climbing or scram-
bling perennial vines (Ferguson, 1999; Huang et al., 2004).
This fruit is popular world wide because of its nutritional
and medicinal benefits. The main cultivar in the market is
'Hayward', which was selected from seeds of Actinidia deli-
ciosa var. deliciosa imported into New Zealand from China.
However, newer varieties have now been bred that have a
range of flesh colors and high contents of vitamin C and
other functional substances. Several cross-breeding and bio-
technology techniques have been investigated for develop-
ing more varieties (Janssen and Gardner, 1993; Ferguson,
1999; Kobayashi et al., 2000; Jung et al., 2003; Kim et al.,
2003, 2004; Huang et al., 2004 Kim et al., 2007a).

Tissue culture has been the best method for rapid propa-
gation and genetic improvement of kiwifruit, relying mainly
on inductions from shoot tips (Marino and Bertazza, 1990)
and axillary buds (Shen et al., 1990). Although culturing of
the leaf, stem, and petiole, has recently been examined
(Gonzdlez et al., 1995; Zhang et al., 1998; Takahashi et al.,
2004), results have varied according to species, cultivar, sex,
explant type, and culturing conditions.

A thin cell layer (TCL) technique, using small, thin explants
derived from plant organs, was first introduced with tobacco
(Nicotiana tabacum; Tran Thanh Van, 1973). This method
has been successful for the rapid proliferation of certain
plant species, including the common bean (Phaseolus vul-
garis}, large crabgrass (Digitaria sanguinalis), lily (Lilium longi-
florum), oilseed rape (Brassica napus), and trifoliate orange
{(Poncirus trifoliate) (Klimaszewska and Keller, 1985; Van et
al., 1998, 1999; Cruz de Carvalho et al., 2000; Nhut et al.,
2002). Although two sectioning methods — hand or machinc
— have been tested for TCL culture, explants obtained from
by former have been irregular and difficult to propagate sta-
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bly. Therefore, Lee-Stadelmann et al. (1989) have devel-
oped micro-cross section (MCS) techniques using a vibratory
microtome, and have achieved stable propagation of uni-
form products from poplar (Populus spp.).

Although the ultimate goal of tissue culture is rapid multi-
plication, in vitro techniques can lead to genetic mutation,
especially somaclonal variation (Larkin and Scowcroft, 1981).
This becomes a critical issue when proliferating valuable ger-
mplasms that are genetically fixed. Therefore, micro-propa-
gation should be accompanied by a molecular marker
approach, e.g., AFLP, RFLP RAPD, or SSR, that can detect
somaclonal variants, as has been done with garlic (Al-Zahim
et al., 1999), cauliflower (Leroy et al., 2000), oil palm (ali-
got et al., 2002), kiwifruit (Palombi and Damiano, 2002),
and pine (Goto et al., 1998; Burg et al., 2007).

Here, we describe the development of a new MCS
method. Our objective was to show more rapid and stable
propagation of kiwifruit shoots compared with conventional
methods, as verified via RAPD marker analysis.

MATERIALS AND METHODS

Preparation of Explants and Cultures

Branches from a 10-year-old vine of Actinidia deliciosa
var. ‘Hayward” were placed in water for 3 weeks. Tips from
newly emerged shoots without leaves were immersed in
70% (v/v) ethanol for 1 min, then sterilized for 7 min in 1%
sodium hypochlorite solution {(v/v) containing one drop of
Tween 20. After they were rinsed four times with sterile dis-
tilled water, the explants were placed into test tubes con-
taining an MS medium (Murashige and Skoog, 1962)
supplemented with 3% sucrose (w/v) and solidified with
0.8% agar (w/v) at pH 5.8 (adjusted with TN NaOH before
autoclaving at 121°C for 12 min). The cultures were incu-
bated at 25+2°C under a 16-h photoperiod supplied by flu-
orescent lamps (45 umol m™ s™"). The shoots were later
transferred to a 500 mL jar containing 100 mL of a prolifer-
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ation medium with 4.44 uM benzyladenine (BA) and 0.49
UM indole-3-butyric acid (IBA). All cultures were incubated
at 25+2°C, with a 16-h photoperiod under fluorescent
lamps (45 umol m™2s7").

The section segments were prepared with a Vibratory
Microtome (Vibratome® Series 1000 Sectioning System, USA).
The effect of inorganic salt concentrations was studied by
using either half- or full-strength MS media. Three segment
thicknesses -- 400 um, 800 um, or 1200 pm — were tested
for their suitability in regeneration. We also evaluated the
optimal concentrations of auxins [naphthaleneacetic acid
(NAA), IBA, and 2,4-dichlorophenoxyacetic acid (2,4-D)],
cytokinins [benzyladenine (BA), kinetin, zeatin], and a cyto-
kinin-like substance [thidiazuron (TDZ)]. Micro-cross sec-
tions of tissues were prepared by the modified procedure of
Lee-Stadelmann et al. (1989). Briefly, the interior of the
Vibratory Microtome was sterilized with 70% (v/v) ethanol
for 1 h, then rinsed with sterile distilled water. A Styrofoam
block (2x2 cm) and rubber string for fixing the tissues were
immersed in absolute alcohol for 1 d, then rinsed with steril-
ized water. Segments obtained from this transversal micro-
cross section system were stored in a 1/2 MS liguid medium
prior to beginning the experiments. The entire micro-cross
sectioning process is illustrated in Figure 1.

Tissue segments from the petiole, stem, or leaf were
placed on 1/2 MS supplemented with sucrose (3%, w/v) plus
a combination of 2,4-D (4.5x107%, 45x107%, 4.5x107", or
4.5 pM) and zeatin (4.6X107, 4.6X107, 4.6X107, or 4.6

J. Plant Biol. Vol. 50, No. 6, 2007

uM). The pH was adjusted to 5.8, and plant agar (0.8%, w/
v, Duchefa, The Netherlands) was included as a gelling
agent. Zeatin also was added to the medium after filter-
sterilization. All treated cultures were replicated 3 times in
87 x15 mm Petri dishes. After 7 weeks, we examined their
regeneration characteristics, including survival rate, fresh
plant weight, and the number of shoots produced per
explant.

RAPD Analysis

RAPD analysis was conducted on 29 plants obtained with
our MCS method. DNA was extracted from 1 g of tissue
according to a method modified from that of Dellaporta et
al. (1983). Random decamer primers included OPO 01 to
OPO 13, and OPP 01 to OPP 20 (Operon Technologies,
USA). DNA (10 ng) was used as template in a reaction mix-
ture (total volume 25 ul) that contained 2.5 pl of 10X
reaction buffer, 500 uM of each dNTP 0.25 pM of primer,
and 1.5 units iTaqg DNA polymerase (iNt RON Bio, Korea).
PCR amplifications were performed in a GeneAmp PCR Sys-
tem 9600 Thermal Cycler (Perkin Elmer Cetus, USA), with
initial denaturation for 2 min at 94°C; then 35 cycles of 1
min at 94°C, 1 min at 38°C, and 2 min at 72°C; followed by
5> min of final extension at 72°C. The RAPD products were
separated on 1.0% Agarose LE gels (Promega, USA) at 100 V
for 40 min with 1x Tris-borate-EDTA (TBE) buffer, then
finally stained with ethidium bromide.

87.5mm -

(D)

(E)

Figure 1. Process for rapid propagation of shoots from stem segments of Actinidia deliciosa ov. *Hayward" using micro-cross section method. (A)
Vibrating mic mmme‘ (B} stemn segments, (C) sliced stem segments, (D) organogenesis from micro-cross sections on 172 MS + 452707 um 2.4-
D+ 46107 pM zeatin + 3% sucrose after 7 weeks, (B} rooted plants after 3 weeks.
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Statistical Analysis

This study was designed to distinguish between normal
shoots and those with abnormal morphologies that possibly
resulted from somaclonal variation. Data were analyzed
using SAS (2002) Version 6.1.2, and significant differences
between means were assessed by Duncan's multiple range
tests at P 0.05.

RESULTS AND DISCUSSION

To determine how the growth response of kiwifruit cul-
tures was associated with the concentration of inorganic
salts, we tested petiole segments (800 pm) on 1/2 MS and
full-strength MS media, and obtained survival rates of 100%
and 88.9%, respectively. The size of the callus did not differ

Table 1. Effect of various concentrations of inorganic salts in MS media®
used for micro-cross section cultures of kiwifruit petiole segments.

Medium Survival Callus formation Callus size®
(%) (%) (cm)

MSY 88.9 88.9 1.12 = 0.09

1/2 MS 100.0 100.0 0.99 + 0.02

“All materials were cultured on inorganic salts medium + 3% sucrose
+ 0.8% agar + 0.45 uM 2,4-D (pH 5.8).

YMS= Murashige and Skoog (1962) medium.

*Callus size is given as mean = SE.
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between them, although some segments gradually died
without forming any calli on the MS medium (Table 1), per-
haps because of higher osmotic stress than from the 1/2 MS
salts.

The optimum size for segments was 800 pm (Table 2),
which differs from the 400 to 500 pm recommended for
poplar leaf sections (Lee-Stadelmann et al., 1989). However,
our results were similar to a previous report that the number
of developing shoots increases in proportion to explant size

Table 2. Effect of fragment size from micro-cross sections for culturing of
kiwifruit®.

Tissue Size Survival  Callus formation  Callus size”
type (um) (%) (%) (cm)

400 6 6 0.02 = 0.02

Leaf 800 100 100 0.53 = 0.05

1200 100 100 0.69 = 0.04

400 100 100 0.62 = 0.02

Stem 800 100 100 0.67 = 0.02
1200 100 100 0.72 = 0.02

400 100 100 0.61 = 0.03

Petiole 800 100 100 0.62 = 0.01
1200 100 100 0.66 = 0.01

“All materials were cultured on 1/2 MS medium + 3% sucrose +
0.8% agar + 0.45 uM 2,4-D (pH 5.8).
YCallus size is given as mean = SE.

Table 3. Effect of plant growth regulators on shoot induction and development from kiwifruit leaf, petiole, and stem micro-cross section

segments after 7 weeks of culture®.

(

Growth regulator (uM) Leaf Petiole Stem
‘ Shoqt No. of No. of Shoot Shoqt No. of No. of Shoot Shoqt No. of of Shoot
2,4-D Zeatin  formation shoots per leaves length  formationshoots per leaves length  formation shoots per leaves length
(%) explant (cm) (%) explant (cm) (%) explant (cm)
0 0 0 0Ob 0Ob Ob 0 Oc Oc Oc 5.6 0.06c  0.06d 0.03e
0 4.6x107° 0 Ob 0b Ob 0 Oc Oc Oc 1.1 0.17¢  0.14cd 0.05de
0 4.6x1072 0 Ob 0b Ob 0 Oc Oc Oc 38.9 0.39c  0.61c  0.22cd
0 4.6x107 5.6 0.12ab 0.06b 0b 5.6 0.06c 0.17c 0.03c 38.9 0.44c  0.50cd 0.25c¢
0 4,56 0 0Ob Ob Ob 333 0.56b 0.77b 0.16b 61.1 1.44b  1.46b 0.26C
45107 4.6x107 0 0b 0b ob 0 Oc 0Oc 0° 72.2 1.22b  1.96ab 0.80a
45x107  4.6x1072 0 0b Ob Ob 5.6 0.06c 0.06c 0° 88.9 1.28b  1.93ab 0.76a
45x1073  4.6x107 0 0Ob 0Ob Ob 5.6 0.06c 0.06c 0° 94.4 2.61a 2.16a 0.70a
45x107  4.56 11.1 0.17a  0.42a 0.05a 50.0 1.06a 1.13a 0.46a 83.3 2.44a 1.54b 0.51b
4.5x10?%  4.6x107 0 Ob Ob 0Ob 0 Oc 0Oc Oc 0 Oc od Oe
4.5x1072  4.6x107 0 0b 0b 0b 0 0Oc 0Oc Oc 0 0Oc od Oe
45x10%  4.6x10™ 0 0Ob 0Ob 0Ob 0 Oc Oc Oc 0 Oc od Oe
45x1072 4.56 0 0b 0b 0b 0 Oc Oc Oc 0 Oc od Oe
45%107"  4.6x107° 0 Ob 0b Ob 0 Oc Oc Oc 0 Oc 0d Oe
45x10"  4.6x107 0 0b 0b Ob 0 Oc 0Oc 0c 0 0Oc 0d Oe
45x107" 4.6x107 0 0b 0b Ob 0 0Oc 0c 0Oc 0 Oc 0d Oe
45x<1070  4.56 0 Ob Ob Ob 0 Oc Oc Oc 0 Oc 0d Oe
4,52 4.6x107 0 Ob Ob Ob 0 Oc Oc Oc 0 Oc od Oe
4,52 4.6x107 0] Ob Ob Ob 0 Oc Oc Oc 0 Oc 0d Qe
4.52 4.6x107! 0 0Ob 0Ob Ob 0 Oc Oc Oc 0 Oc od Qe
4,52 4.56 0 0b 0Ob Ob 0 Oc Oc Oc 0 Oc 0d Oe

“Means separation within each column by Duncan’s multiple range test at P < 0.05.
YAll materials were cultured on 1/2 MS medium + 3 % sucrose + 0.8% agar (pH 5.8).
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for poplar leaves (Lee-Stadelmann et al., 1989), while the
number of shoots diminishes by increment in internode size
for native spearmint tissues (Poovaiah et al., 2006).

In our hormone trials, all explants formed calli after 10 d
of exposure to various plant growth regulators. Among the
auxins, 2,4-D was the most effective in promoting callus for-
mation. Shoot production only occurred with zeatin or TDZ
treatments; BA and kinetin were ineffective. The positive
effect of TDZ on multiple-shoot induction has also been
shown in fig (Kim et al., 2007b). Nevertheless, an excessive
number of abnormal shoots also appeared from our TDZ-
treated tissues (data not shown). Similar observations have
been made with Arabidopsis (Cleddie, 1989) and kiwifruit
(Kim and Oh, 1998). Not only do morphological abnormali-
ties increase with higher TDZ concentrations (Huetteman
and Preece, 1993), but even lower levels are associated
with numerous malformations and the production of hyper-
hydric shoots (Fraser et al., 1995).

Because Kim and Oh (1998) also have reported that
zeatin is more effective than other cytokinins and cytokinin-
like substances for tissue culturing of kiwifruit, we chose that
hormone for our micro-cross section protocol. Table 3 pre-
sents a comparison among various parameters evaluated to
determine the most suitable conditions for regenerating nor-
mal shoots. Leaf and petiole explants were more success-
fully utilized on culture media containing 4.5x 107" uM 2,4-
D and 4.6 uM zeatin than other combinations. The fre-
quency of normal shoot formation also was higher from pet-
iole segments (50.0%) than from leaves (11.1%). Although
no shoots formed from leaf or petiole explants cultured on
media lacking growth regulators, it was possible to produce
a few shoots from stem tissues under the same constraint.
When stem segments were cultured on media containing
zeatin, the number of normal shoots and the rate of shoot
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formation increased in proportion to the concentration of
zeatin applied. Moreover, the number and rate of normal
shoots increased at higher zeatin concentrations in combi-
nation with 2,4-D at a level below 4.5x10* uM.

The number of regenerated shoots averaged 2.61 per
explant, at a formation rate of 94% (Table 3). Takahashi et al.
{2004) have reported that, on a zeatin-supplemented medium,
leaf explants from A. polygama Miq. show obviously poorer
shoot formation than do stem or petiole explants. However,
they have also found that particular tissues respond differ-
ently to phytohormones. In contrast, Sugawara et al. (1994)
have demonstrated that tissue type (leaf, petiole, or stemy) is
not a significant determining factor when inducing A. polyg-
ama shoots on media containing BA and NAA. In the cur-
rent study, we noted that stems were the best tissue source
for kiwifruit propagation.

In contrast to traditional nodal culture, which generally
requires tissues of at least 1.0 cm, our micro-cross section
rethod utilized 800-pum-thick segments, thereby enabling
us to obtain more than 8 explants from a single 1.0-cm
stem. Marino and Bertazza (1990} have reported achieving
their best proliferation efficiency with shoot tip cultures from
A. deliciosa cv. ‘Hayward’, producing 3.12 normal shoots
per explant in a medium containing 4.44 pM BA. In com-
paring these culturing methods using 1.0-cm nodes, MCS
resulted in >20 shoots versus 3.12 shoots from shoot tip
cultures. This means that the micro-cross section system is
approximately seven times more effective for the prolifera-
tion of kiwifruit shoots.

To determine their genetic stability when employing MCS,
we randomly selected 29 regenerated shoots for RAPD anal-
ysis. In all, 19 of 24 primers produced 63 bands that ranged
from 400 to 3500 bps. Palombi and Damiano (2002) have
reported that SSR and RAPD analyses indicate few soma-

Table 4. Polymorphism analysis of regenerated kiwifruit plants using decamer primers.

Primer S(eSgLfngcg No. of bands Band size (base pairs) polymglrg'h?cf bands
OPP 01 GTAGCACTCC 2 800, 1300 0
OPPO3 CTGATACGCC 6 750, 1500, 1700, 2100, 2500, 3000 0
OPP04 GTGTCTCAGG 2 600, 1300 0
OPPO5 CCCCGGTAAC 4 650, 800, 1250, 2500 0
OPP08 ACATCCGCCCA 4 750, 1300, 1400, 1800 0
OPP10 TCCCGCCTAC 5 400, 750, 1400, 2,300, 3000 0
OPP11 AACGCGTCGG 5 600, 1000, 1200, 1800, 2300 0
OPP12 AAGCGCGAGT 3 600, 900, 1500 0
OPP13 GGACTGCCTC 2 1000, 1500 0
OPP14 CCAGCCGAAC 4 750, 1000, 1400, 2000 0
OopPP17 TGACCCGCCT 2 1200, 2000 0
OPP20 GACCCTACTC 3 750, 2000, 2500 0
OPOO01 GGCACGTAAG 2 750, 900 0
OPO02 ACGTAGCGTC 5 1000, 1100, 1700, 3000, 3500 0
OPOO03 CTGTTGCTAC 3 850, 1000, 2000 0
OPPO8 CCTCCAGTGT 1 1500 0
OPO09 TCCCACGCAA 5 1100, 1300, 1500, 1800, 2000 0
OPO10 TCACAGCGCC 4 1000, 1400, 2500, 3500 0
OPO11 GACAGGCAGGT 1 750 0
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clonal variants occur during the tissue-culturing of kiwifruit.
Here, we could not detect polymorphic bands among our
primers (Table 4). Therefore, we suggest that MCS-regener-
ated plants should be analyzed by several methods, e.g.,
chromosome-counting and morphological assessments.

In summary, we have determined that, for normal shoot
regeneration from kiwifruit, the optimal MCS method
includes the following components: 1) a 1/2 MS medium
with inorganic salts; 2) 800-um segments from petioles,
stems, or leaves; and 3) a combination of 2,4-D (4.5x107°
to 107" uM) and zeatin (4.x107 to 107" pM) in the culture
medium. Shoots can be formed in approximately 20 d, with
survival rates of 100% achieved from petiole and stem
explants. Our results demonstrate that micro-cross section-
ing is not only a good method for rapidly propagating rare
kiwifruit cultivars, but is also useful to biotechnology research
efforts that require numerous samples for greater success.
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