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Regeneration of peach plants from callus derived from immature embryos
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Summary. Peach plants were repeatedly regenerated
from immature embryos but not from cailus derived
from mature embryos. A white, nodular, highly regen-
erative callus was obtained when friable, primary callus
from immature embryos was transferred from medium
containing 4.5 uM 2,4-dichlorophenoxyacetic acid and
0.44 uM  benzyladenine (BA) to media containing
0.27 uM a-naphthaleneacetic acid (NAA) and 2.2 uM
BA. This callus retained its morphogenetic potential for
a minimum of three subcultures. Green nodular callus,
that lacked regenerative capacity, was produced from
primary callus derived from mature embryos. Maxi-
mum regeneration of shoots occurred when highly
regenerative callus was transferred to a medium in
which the NAA concentration was reduced five times
and the BA concentration was increased two times.
Regenerated shoots were rooted in the dark on a
medium containing 28.5 uM indoleacetic acid. Cyto-
genetic analysis of regenerated plants indicated that all
plants were diploid, 2n=2x =16. Phenotypic evaluation
of regenerated plants, grown under field conditions, is
now in progress.
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Introduction

In vitro mutant selection for toxin insensitivity can
produce novel disease resistant plants (Behnke 1980;
Gengenbach et al. 1977).

This system requires that the toxin or toxic metabolite be

involved in disease development and be active at the cellular
level. The cultured cells or tissues also must express disease

resistance in vitro and be morphogenically competent (Ham-
merschlag 1984b; Yoder 1981; Brettell and Ingram 1979).
Hammerschlag (1984a) reported that a toxic metabolite of
Xanthomonas campestris pv. pruni (E.F.Sm.) Dows, causal
agent of leaf spot of peach, Prunus persica (L.) Batsch, is in-
volved in disease development and is active at the cellular
level. In vitro selection to obtain leaf-spot-resistant peach
plants can now be realized if it can be demonstrated that
peach cells express resistance in culture and if they can be
induced to undergo morphogenesis.

To date, there has been only one brief report of
plant regeneration from peach endosperm callus (Meng
and Zhou 1981). In this paper we describe regeneration
of peach plants from callus derived from immature
embryos and cytogenetic analysis of the regenerated
plants.

Materials and methods

To obtain friable callus, peach fruits were removed from field
grown open-pollinated ‘Sunhigh’ and ‘Suncrest’ trees when the
PF, (%) X100 values (Kester and Hesse 1955)
for the embryos were 3 (approximately 56 days after full
bloom), 28 (approximately 70 days after full bloom) and 100
(approximately 125 days after full bloom). The pericarp tissue
was removed and seeds were surface-sterilized for 15 min in
0.5% sodium hypochlorite containing 0.01% Tween-20 and
then rinsed three times in sterile distilled water. Immature (EI
and EII) embryos with PF, values of 3 and 28, respectively, and
mature (EII) embryos with PF, values of 100 were aseptically
removed, wounded slightly and transferred to friable callus-
inducing medium (Hammerschlag 1983). This medium (MS)
consisted of Murashige and Skoog (1962) salts supplemented
with 555.1 uM myoinositol, 4.06 uM nicotinic acid, 2.43 uM
pyridoxine HCI, 1.18 uM thiamine HCI, 4.5 uM 2,4-dichloro-
phenoxyacetic acid (2,4-D), 0.44 uM benzyladenine (BA),
87.6 uM sucrose and 0.6% agar. Cultures were incubated in the
dark at 26°C. Approximately 150 embryos per stage of
embryo development per cultivar were excised.



To induce nodular callus, friable callus was removed from
embryo explants and transferred to MS medium supplemented
with 0.27 uM NAA and 2.2 uM BA. Friable callus from a
minimum of 12 embryos per stage of development per seed
source were plated. Cultures were incubated at 26 °C with a
16-h photoperiod of approximately 40 4E - m™ - s™* irradiance
provided by cool white fluorescent lamps.

To induce shoot formation, nodular callus was subcultured
three times onto the same medium and then transferred to MS
medium supplemented with various levels of NAA (0.027-
0.27 uM) and BA (2.2-22.0 uM). Culture conditions were the
same as those used for nodule induction. Each factorial was
replicated a minimum of three times.

Regenerated shoots were rooted and acclimatized as de-
scribed previously (Hammerschlag 1982). Cytogenetic analysis
consisted of determining the chromosome number from root
tip cells. Root tips were collected from five regenerated plants
per seed source, placed in distilled water and incubated for
24 h at4°C. Root tips were fixed in Carnoy’s solution (ethanol,
chloroform, acetic acid, 6:3:1) for 24 h, hydrolyzed in 1N
HC1 at 60°C for 15 min and stained in Feulgen’s reagent for 4
to 24h. Root tips were squashed in 1% acetocarmine. A
minimum of 50 cells per plant were analyzed.

Results

Callus initiation

‘Sunhigh” and ‘Suncrest’ embryos and calli derived from
embryos responded similarly in that both friable and

Table 1. Percentage of peach embryos at different stages of
development that produced friable callus. Stage of devel-
opment is indicated by PF, value which equals
embryo length
seed length
stage of development per seed source were cultured

% 100. Approximately 100 to 150 embryos per

Seed source PF, value
3 28 100
‘Sunhigh’ 13 41 100

‘Suncrest’ 18 45 100
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nodular callus formation was positively related to stage
of embryo development (Tables 1 and 2). Maximum
friable callus formation occurred from mature embryos.
Either rough-green (Fig. 1a) or smooth-white (Fig. 1b)
nodular callus formed from friable callus after 28 days
of culture. The percentage friable callus that produced
nodular callus is seen in Table 2. Maximum production
of smooth-white nodular callus occurred from friable
primary callus derived from EI embryos. Predominantly
rough-green nodular calli were produced from friable
callus derived from EIII embryos.

Induction of smooth-white nodular callus was
effected by the length of time on friable callus medium.
This was determined by subculturing friable primary
calli from five embryos per stage of development per
seed source every 3—4 weeks for 3 months and then
subsequently transferring the calli to nodule-inducing
medium. This experiment was repeated three times.
Most of the calli died after being transferred to nodule-
induced medium. Only one genotype at one stage of
embryo development (EI) repeatedly produced callus
that could be subcultured and then induced to produce
white nodular callus.

Regeneration

Plants could only be regenerated from smooth-white
nodular callus derived from EI and EII primary callus.
This nodular callus retained its morphogenetic potential
for a minimum of three subcultures. Smooth-white
nodular callus originating from EIII primary callus and
from EI callus maintained on friable callus medium for
4 months, produced only large swollen abnormal
nodules and abnormal leafy structures when transferred
to regeneration medium.

Highly regenerative, smooth-white nodular callus
produced embryoid-like structures (Fig. 1¢) and shoots

Table 2. Percentage of friable callus, derived from peach embryos at different stages of development,
that produced nodular callus. Stage of development is indicated by PF, value which equals

embryo length. X 100. Friable callus from a minimum of 12 embryos per stage of development per

seed length
seed source were plated

Seed source PF, value
3 28 100
White Green White Green White Green
nodules nodules nodules nodules nodules nodules
‘Sunhigh’ 45 35 10 90 0 100
(primary callus)
‘Suncrest’ 33 67 10 90 10 90

(primary callus)
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Fig. 1. a Green nodular callus formed from friable callus derived from mature peach embryos; b white highly regenerative nodular
callus formed from friable callus derived from immature peach embryos; ¢ embryoid-like structures (arrows) produced from highly
regenerative callus; d shoots regenerated from highly regenerative callus; e Feulgen stained root tip chromosomes in Prunus persica
(2n=2x=16) regenerated from highly regenerative callus. Scale bar: a=1 mm; b=4.5 mm; ¢=1mm; d=1.5mm; e=5 um

(Fig. 1d). The number of plantlets produced from calli
and the changes in growth-regulator level required to
induce shoot formation are seen in Table 3. Maximum
shoot production occurred when the BA level was in-
creased either two or five times, regardless of the NAA
level. No plants were produced when the BA level
remained the same. Increasing the BA level 10 times
also proved to be inhibitory to shoot formation.
Regenerated peach plants were rooted and ac-
climatized and planted in the field. Chromosome

counts of root-tip cells indicated that all plants were
diploid 2n=2x=16 (Fig. 1e).

Discussion

To date, there has been only one report of peach plant
regeneration from callus (Meng and Zhou 1981). In
that study, peaches were regenerated from endosperm
callus. The dearth of information on regeneration of



Table 3. The number of plantlets regenerated from white
nodular calli derived from immature peach embryos. The data
are based on three replicate experiments each containing four
genotypes per seed source per EI (PF,=3) embryos and two
genotypes per seed source per EII (PF,; =28) embryos. The PF,

value equals embryo length X 100. Growth regulator level is
seed length

in relation to that present in nodule-inducing media (0.27 uM
NAA and 2.2 uM BA)

BA level NAA level No. of
regenerated
plantlets

same same 0

same -5% 0

same -10% 0

+2X same 14

+2X 5% 29

+2X -10x 13

+5X% same 17

+5% -5x 17

+5X% -10x% 11

+ 10X same 5

+10x -5 9

+10x -10x% 0

peach plants from callus cultures impedes the use of
tissue culture and genetic engineering technology for
improvement of this species. The data presented in this
paper provide evidence for the totipotency of callus
tissue derived from immature embryos and open up the
possibility of using highly regenerative peach callus,
derived from immature peach embryos, for in vitro
mutant selection.

As in other regeneration studies (Heyser and Nabors
1982; Heyser etal. 1983), a specific type of callus (white,
compact, nodular) could be selected and induced to produce
embryoid-like structures and subsequently shoots. The devel-
opment of smooth-white nodular callus which lacked morpho-
genetic potential, from primary EIII callus and from friable EI
callus that was maintained on callus medium for 4 months,
suggests that visual selection of callus for morphogenetic
potential may not be sufficient. These data also demonstrate
that physiological and chronological age of the explant as well
as the period of time in vitro can influence organ formation.
Other studies have cited the importance of age of explant
(Raju and Mann 1970; Green and Phillips 1975) as well as
duration in vitro (Fridborg and Eriksson 1975; Heyser and
Nabors 1982) on morphogenetic potential of tissue cultures.
The changes occurring during embryo development and in
vitro culture that result in the loss of morphogenetic potential
of callus derived from embryos require investigation. Since
regenerative capacity can be restored to some calli (Fridborg
and Eriksson 1975) changes in gene expression and not
permanent changes in the genome may be involved.
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Peaches that have been regenerated are now being
evaluated in the field for somaclonal variation. Studies
are also under way to utilize highly regenerative peach
callus in in vitro selection for insensitivity to the toxic
metabolite produced by X.c. pv. pruni.
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