
/

Submitted to tbe Office of the Science Advisor
U.S. Agency for International Development

IN VITRO PROPAGATION AND IMPROVEMENT OF FRUIT SPECIES
WITH ECONOMIC POTENTIAL FOR SEMI-ARID ZONES

Principal Investigator: Dr. Miguel Jordan.
Grantee Institution: Pontificia Universidad Cat61ica de Chile.

Collaborator: Co-Researcher Gloria Montenegro
Institution: Pontificia Universidad Cat6lica de Chile.

Assistants: Juan Diaz, Luis Gonzalez, Maria de la Luz Gon7.alez, Andree Goreux, Liliana
Iturriaga, Ana Maria Mujica, Maritza Obando, Eduardo Oyanedel, Carlos Roveraro,
Pablo Sanchez, Maria Paz Valenzuela, Juan Velozo.

Project Number: 8007
Grant Number: S13·SS42·G·SS·9067·00

A.J.D. Grant Project Officer: Dr. JiJI Conley

Project Duration: October 1989·June 1993



-2-

IN VITRO PROPAGATION AND IMPROVEMENT OF FRUIT SPECIES
WITH ECONOMIC POTENTIAL FOR SEMI-ARID ZONES. AID Project Proposal 8007

Grant N!l513-5542-G-SS-9067-00

2) TABLE OF CONTENTS

COVER SHEET

TABLE OF CONTENTS

EXECUTIVE SUMMARY

RESEARCH OBJECfIVES

METHODS AND RESULTS

IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER

PROJECT ACTIVITIES/OUTPUTS

PROJECT PRODUCfIVITY

FUTURE WORK

LITERATURE CITED

Page 1

Page 2

Page 3

Page 4

Page 5

Page 24

Page 29

Page 29

Page 29

Page 29



I.,,

-3-

3) EXECUTIVE SUMMARY

Within the project framework, the morphogenic potential of several types of explants of
economically important and promising fruit species for semi-arid regions, Cherimoya (Annona
cherimola), Lucumo (PQuteria lucuma), highland Papaya (Carica pubescens) including the
Babaco (c. pentagona), was researched.

Briefly, new developments are: for A. cherimola (cherimoya), several morphogenic events could
improve mass propagation prospects, plantlet recovery was possible; morphogenesis in vitro
occured in hypocotyls, internodes, nodal sections and zygotic embryos, especially by multiple
shoot formation in these explants. Responses were enhanced by control of browning of tissues,
using combinations of antioxidants. Phenolic content found in tissues and culture media was
related to antioxidants and morphogenesis. Seasonal variations of phenolics were also studied in
cuttings, to determine the best propagation timing.

In Caricas, several types of explants, including leaf sections, meristems, axillary nodes, and
cuttings led to plant regeneration. Somatic embryogenesis and adventive embryogenesis were
also achieved in cell suspensions, as well as androgenesis from anthers. Rooting of cuttings was
successful in Papaya and Babaco. Preliminary characterization of Papaya germplasm by means
of isozymes was initiated.

Morphogenesis and regeneration were also achieved in several P. lucuma explants, including
shoot tips, meristems, epicotyls, leaf sections and zygotic embryos. First stages of androgenesis
were observed. Control of browning in vitro was achieved using several types of antioxidants;
cell suspension protocols were developped for Lucumo, up to the green calli and proembryo
stage. New protocols have been established to scale up production or perform in vitro selection
work.

This body of valuable preliminary information will be of interest to scale up methods for future
plantations, selection of germplasm and determination of elite cultivar parameters. Modern
equipment was brought in for the project; young scientists were trained to use it for potential
applications in future work.

The interaction of several scientists within the chilean and american Universities during meetings
and training periods was of significant help in linking interests, sharing information, exchanging
plant material and publishing several papers on the work performed.

Contacts with individual fruit growers were established and showed that there is a need to
receive relevant information for the propagation of these species. Besides scientific information
obtained throughout the project, their suggestion to convert data into application guidelines in the
form of a booklet would favour propagation scale-up and production of these species.
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4) RESEARCH OBJECTIVES

Great interest in little known crops of andean origin has been evidenced lately. Several species
are cultivated marginally at present, whilst having a great potential. This point has been
extensively illustrated in the book "Lost Crops of the Incas" (National Research Council, 1989).

As an example that could be applied to other sub-tropical countries of the world, Chilean exports
of traditional fruit species increased continuously and production has almost quadrupled since
the 80's. Future exports are predicated on the exploitation of non-traditional species, cultivated
in semi-arid zones, so new or little known species will be brought into new markets.

The initial objectives of this project were to start propagation systems for three semi-arid zone
fruit species: Carica pubescens (a higland papaya), Annona cherimola (cherimoya), and Pouteria
lucuma. The specific objectives were: development of morphogenic responses in vitro
(organogenesis, rhizogenesis, cell and callus embryogenesis, androgenesis) leading to plant
regeneration; reduction of in vitro browning problems due to phenolic compounds oxidation;
selection and characterization systems to be applied to elite clones.

The selected species are examples of potentially important export products; fruits and fruit­
derived products, such as proteolytic enzymes found in papaya are beginning to enter new
markets; the availability of plants is critical to meet future demand. Since cultivation is restricted
to localized microclimes, information regarding physiology is very scanty. Little basic reseach
has been carried out on these species and understanding basic points is necessary and useful to
scale up production of plantlets for massive plantations.

Several basic research problems concerning the morphogenic potential exhibited in different
explants, useful for funher micropropagation and the control of browning, were solved for these
three species. Electrophoretic studies of Papaya accessions from a North-South transect of Chile
were planned, using material collected during the previous season.

Emphasis was to be placed on the development of plants from cell suspensions, in collaboration
with Professor Don Durzan, University of California, Davis. Part of the experiments were
started by a postgraduate student, Ms. Maritza Obando, who was trained in Dr. Durzan's
laboratory, using plant material brought from Chile. Several metabolical and in vitro culture
problems gave the opportunity to train research workers, carrying out pre- and post-graduate
work in Santiago.

Several related species are cultivated in tropical or sub-tropical environments and research work
is carried out at present in several Carica spp. Interaction with other researchers in this field has
been established with Dr. Richard Litz in Florida, in tropical fruit species. chiefly C. papaya; Dr.
Manshard in Hawaii working on breeding programs and transformation in this species; Babaco
work carried out by Vega de Rojas (Ecuador); Chilean researchers (Universidad de Santiago, and
Universidad de La Serena) working on papain, and related enzymes. with a view to export
concentrated proteolytic enzymes. Work is done on Babaco and Papaya at the Catholic
University of Valparaiso, and the Ministry of Agriculture Experimental Station at La Platina is
evaluating the behaviour and physiology of the Babaco. Among the Annonas. morphogenic
potential of different Annona squamosa explants was also studied by Nair et al (1983, 1984,
1986) in India. A. cherimola was researched in Spain by Martinez Cayuela et aI, 1988 and
Pliego-Alfaro (personal comm.). Less work has been carried out on Pouteria spp. Interest in this
species provided suppon from the National Science Committee (CONICyn to work on several
aspects of these and other fruit species, including Solanum muricatum. A list of publications and
presentations to meetings is attached.
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5) METHODS AND RESULTS.

The morphogenic potential of the species studied, was evaluated testing different explants as
listed in Table 5.1. on different basic media (Nitsch (1969), NN; Murashige & Skoog (1962) MS;
McCown & Lloyd, Woody Plant Medium (1981) WPM; Gamborg et aI, (1968) B6,
supplemented with several growth regulator combinations including naphthaleneacetic acid
(NAA); indoleacetic acid (IAA); 3-indolebutyric acid (lEA); 2,4-dichlorophenoxyacetic acid
(2,4-0); 6-benzyladenine (BA); isopentyladenine (IPA); zeatin (Z); thidiazuron (TDZ) and
gibberellic acid (GA3).

Table 5.1.
Morphogenic events obtained in Lucumo, Cherimoya, Papaya and Babaco explants.

Explant Lucumo Cherimoya Papaya/Babaco

Anthers Androgenic Somatic cells Androgenic
(microspores) embryos, proliferation embryos

calli

Leaves Shoots, Calli Calli; shoots
calli in Babaco

Petiole Shoots and Multiple Calli
Roots shoots.

Nodal Rhizogenesis Multiple Bud sprouting
sections shoots Calli

Internodes Shoots Multiple Calli & soma-
shoots, calli tic embryos

Meristem/axil. Development Development Multiple buds
buds/shoot-tip and rooting and rooting and rooting

Pericarp Callus not tested Calli and
embryos

Zygotic Adventitious Shoots, Calli & soma-
embryos embryos Calli tic embryos

Hipocotyls/ Multiple Multiple Calli & soma-
Epicotyls shoots shoots tic embryos

Cell Cells, calli, No growth Calli & soma-
suspensions proembryoids? tic embryos

in papaya
1
I Cuttings Only bud Only bud Roots in both
I development development spp. profuse

'~ sprouting.

,
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It is assumed that species with an initial low phenols level or an endogenous content reduced
during culture, have a good morphogenic potential due to lower phenols oxidation. Browning
usually occurred in most explants of A. cherimola and P. lucuma. When comparing leaf phenol
content prior and after in vitro culture, changes are related to the metabolism of each species,
affecting in vivo or in vitro morphogenic responses. In browning species such as cherimoya,
phenol content increases during in vitro culture (as shown in Table 5.2), while other species
normally remain green. Yearly variations of phenols affecting explants were observed for the
several species studied; a tendency to an increase during the growth seasons is observed. (Table
5.3).

Table 5.2.
Level of Phenols in leaves of some fruit species grown in the field and after tissue culture.
(Folin-Ciocalteau reagent; Abs at 730 nm/1oo mg of fresh tissue).

Species Leaf prior Cultivated Remarks
to culture* leaf plus

calli**

A. cherimola 0.1 0.93 Leaf brown,
few calli.

P.lucuma 2.0 0.17 Leaf green,
calli yellowish.

C. pubescens 0.18 0.02 Leaf/calli yellow,
In babaco shoots.

S.muricatum( I) 0.21 0.38 Leaf green, calli,
shoots.

A.chinensis(2) 1.00 0.06 Leaf and calli
dark green, shoots.

C. pentagona 1.28 0.59 Shoots green,
rest of the leaf brown.

C.betacea(3) 0.85 0.25 Shoots and little
browning.

(1) Pepino, (2) Kiwi and (3) Tamarillo.* Average of two measurements. ** Measurements after
40 days in culture
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Table 5.3.
Seasonal estimation of phenols in cuttings of Lucumo, Papaya and Cherimoya greenhouse plants.

Months 1992 Lucumo Papaya Cherimoya Twig portion

January 1.39 0.90 1.41 apical
January 1.31 0.83 1.02 median
January 0.56 0.82 basal
April 0.29 1.26 apical
April 0.15 0.45 basal
July 0.30 0.13 0.65 apical
July 0.26 0.09 0.90 median
July 0.41 0.07 0.48 basal
October 0.81 0.06 0.47 apical
October 0.38 0.07 0.42 median
December 0.90 1.14 apical
December 0.48 0.58 median
December 0.40 0.51 basal

(Folin-Ciocalteau/ AbsllOO mg of fresh tissue; aver. of three measurements).

A. CHERIMOLA As phenols and browning affect A. cherimola regeneration responses, the
effect of different antioxidant compounds to reduce browning in vitro was tested. NN basal
medium was supplemented with 0.5 mg/l NAA and 2.0 mg/l BA and various compounds
including PVP, ascorbic acid and glutathione which were very effective in reducing browning;
DIECA and aminooxyacetic acid were less useful while cysteine and citric acid were not
beneficial. Replacing sucrose by sorbitol did not prevent browning, but shoot formation
improved. The results are shown in Table 2, Jordan et aI, 1991.

Specific hormonal conditions regulating morphogenic responses of A. cherimola were
detennined in different types of explants, as shown in Table 5.4. Shoot initiation was the most
common and abundant response, but rooting was difficult, differing from results reported for
other Annona species.
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Table 5.4.
Summary of morphogenic responses shown by different types of explants of A. cherimola,
according to different growth conditions.

Cherimoya
explants

Leaves

Petioles *
Nodes

Internodes

Axillary buds

Hypocotyls

Shoots (subculture)

Anthers

Zygotic embryos

Morphogenic
responses

Calli, browning

Multiple shoots.

Multiple shoots,
calli.

Multiple shoots
calli.

Development

Multiple shoots

Roots

Somatic cell
proliferation,
browning.

Shoots, calli.

Growth Conditions
mg/l

1.0-5.0 Z,
1.0-5.0IPA
0.1 TDZ.

0.5 NAA, 2.0 BA.

0.1-5.0 NAA
0.1 1.0 BA.

0.5 NAA, 2.0 BA.

Several honnones.

0.5 NAA, 2.0 BA.

10.0 NAA.

1.0 NAA, 1.0 BA.

0.1,2,4-D,
1.0 BA or 1.0 Z.

Hypocotyls: several treatments induced a significant morphogenic effect leading preferently to
multiple shoot formation and development of the new outgrowths, but root formation was scarce
(Figs 1,2, and 4). Polarity was a clear effect observed during morphogenesis in explants (Table
5.5). In hypocotyls nonnally oriented, most shoots fonned directly on the distal region; the few
roots fonned on the proximal end. When placed horizontally, multiple shoots appeared over the
whole segment; calli were fonned only at the proximal end. Calli also formed at the proximal
end of explants cultured in inverted position; this tissue was green and compact developed
multiple shoots (Figs.5, a-d). Also, when subculturing shoots in darkness - in a higher
concentration of NAA (results not shown) - roots fonned only occasionally. Paclobutrazol has
been used for rooting in several species, and was tested in shoots formed on hypocotyls.
Although rooting was still unsuccessful, the use of paclobutrazol had three important effects on
growth response: favored bud development, leaf expansion and reduced browning. All
treatments maintained tissue green and healthy for five weeks. Shoot growth was affected by a
level of paclobutrazol above 1.5 mgll, as seen in Table 5.6. Apparently dishes sealed with
Paraplast, having less oxygen available, limited polyphenoloxidase action.
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Table 5.5.
Morphogenic responses of ~. cherimola hypocotyl sections according to explant position.

Morphogenic responses Horizontal Vertical Vertical
% Normal % Inverted %

Multiple small shoots
over the whole explant 50 20 0

Shoots formed only on
proximal region 4 0 40

Calli formation on
proximal region 32 40 80

Results after 40 days in culture as average of 40 hypocotyl/treatment (Petri dishes).

Table 5.6.
Morphogenic responses of A. cherimola shoots supplemented with paclobutrazol.

Paclobu- % % Callus % % X Leaf
trazol Brown fonnation Bud Leaf length
(mg/l) Tissue (proximal) elongation elongation (em.)

0.1 25 0 0 100 2.1
0.5 0 25 50 100 1.6
I 0 50 50 100 2.1
1.5 0 50 0 100 1.45

10 Petri dishes/treatment, 35 days in culture. Aver. of 40 shoots/treatment.

Axillary buds (undevelopped 2 mm long buds) excised in April (Fall) were tested versus
different combinations of Z, BA, K, or TDZ/lAA on NN medium, and evaluated up to July.
Buds developped in presence of NANIDZ initiating new axillary buds and a small callus at the
base, without roots; finally browning occured (Fig. 6 and 7, Table 5.7).
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Table 5.7.
Morphogenic responses of cherimoya undevelopped axillary buds in different growth regulator
combinations.

Treaunents Results
Callus Axillary Growth

Growth.reg. Average Average Average Brown
(mg/l) % diameter % number length %

(cm) shoots (cm)

NAA TDZ
1.0 0.1 62.5 0.60 56.3
0.5 0.1 41.2 0.20 5.9 1 0.20 88.23
0.1 0.1 47.1 0.40 5.9 1 0.30 76.47
0.05 0.1 57.1 0.30 100
0.01 0.1 47.1 0.20 88.23

Average of 20 axillary buds

Nodal sections from one year old greenhouse plants were cultured on MS medium including
several growth regulators (Table 5.8). Shoot formation occurs along the explant in presence of
!BA, but no rooting was found after 40 days. Without subculture of excised shoots, new shoots
turn brown after 60 days.

Table 5.8.
Effect of IBA and IAA on Cherimoya nodal sections grown in vitro.

Hormone
mg/l

IBA
I
2.5
5
IAA
1
2.5
5
NAA/K
3.0
1
o

% Proximal %
Calli Browning

3 22.5
25 33.3
50 54

20 15
4.7 71

56.5

0.01 87.5
0 100
1 100

% Bud
Development

58

12.5
80
o

%New
Shoots

9.6
4.1

100
80
75

Petioles. In this type of explants, as in hypocotyls, direct (no callus involved) shoot initiation
with further development of the new shoots, was achieved (Figs. 8 and 9). In regions nearer the
leaf lamina, embryogenic callus were more frequent, also deriving into shoots. As indicated
above, paclobutrazol favored leaf expansion (Fig. 10).
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Shoot-tips were also tested in combination of 0.6 mg/l IBA and 1 mg/l paciobutrazol and
subcultivated on MS jelled with agarose and supplemented with IBA 0.3 and 15 mg/l calcium
pantothenate. This treatment promoted elongation but had no effect on root formation. Isolated
tips turned brown but after a time new shoots were formed on this tissue (Fig. I I).

Zygotic embryos. To obtain adventitious somatic embryos from zygotic embryos, flowers
excised 30,40 and 60 days after anthesis were stored during 5 or 15 days at 4QC, then cultured in
darkness for 3 weeks on MS (macro half-strengh) or White-media, later in light. The whole seed
was used for 30 and 40 days stages; and the half-seed for embryos at 60 days development.
Embryos incubated 5 days (30 days) showed callus formation derived from endosperm; the best
callus initiation occurred in MS-medium with 2,4-D 2.5 mg/l plus BA 0.1 mg/l, but browning
was frequent. In assays with 15 day pretreatment at 4QC for stages 30 and 60, a similar tendency
was observed as regards browning, without calli development (Table 5.9, Figs. 12 and 13).

Table 5.9.
Response of immature A. cherimola zygotic embryos cultivated at three developing stages (30,
40 and 60 days after anthesis).

Days after anthesis
30 40 60

Medium Brown Callus Brown Swell. Callus Brown

WH
2.4D+BA 76.5 3.5 100 100
2.5+ 0.1

MS
2.4D 0.1 87.5 12.5 94.1 5.9 100
2.4D 2.5 87.5 12.5 64.1 17.6 100
2.4D 5.0 73.3 26.6 87.5 6.3 6.3 100
2.4D+BA
2.5+ 0.1 64.7 35.3 94.1 100

Pretreatment 5 days 4QC. Aver. of 20 zygotic embryos.

Germplasm collection: Seeds from different varieties grown at the Botanical Garden of the Univ.
de La Serena were collected. These correspond to old clones or selections not used
commercially now but represent useful material for future breeding programs. Fruit shapes of
some selections are shown in Fig. 14.

P. LUCUMA. Positive responses of different Lucumo explants tested have been reported
(Jordan and Oyanedel, 1982, Table 1 of reprint attached). Several morphogenic responses were
found in most explants tested.

Leaf sections of Lucumo were cultivated on a modified WPM medium in different treatments
with TDZ, or in combination with IAA. Explants were kept in the dark during 4 weeks, and then
in 500 lux lighting. Shoot formation was induced; best treatments appear to be at the lowest
TDZ concentration tested in combination with IAA (Table 5.10). However, unless the petiole is
attached, leaf section responses are poor (Figs.15-17).
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Table 5.10.
Lucumo leaf section responses.

Growth
Regulator
(mg/l) IAA 0.0

Responses

IAA 0.1

TDZ n %Callus %Brown %Shoot n %Callus %Brown %Shoot

0.1
0.5
2.5
5.0
7.5

10.0

15 86.6
12 75.0
13 84.6
14 92.9
14 64.3
14 71.4

40.0
0.0

15.3
42.9

0.0
0.0

7 71.4
7 71.4
6 100
8 62.5
7 100
6 100

42.9
57.1

0.0
0.0

57.1
50.0

* Occasional events.

Petiole explants. A higher shoot formation percentage was achieved when petioles attached to
leaf portions were used. Triggering conditions are given in Jordan and Oyanedel, 1982; Table 1.
This effect ressembles responses of A. cherimola petioles. Plantlets were obtained from a petiole
explant, forming shoot and roots in presence of TDZ and naphtalenacetic acid (Fig.18). Besides,
other axillary buds develop at the base of the new shoot (Fig. 19).

Shoot-tips perform rhizogenesis when excised from 2 or 3-year old greenhouse trees and placed
on Petri dishes with MS, WPM or NN media and growth regulators (Fig.20). However similar
conditions tested adding padobutrazol (Table 5.11) promoted bud and leaf elongation only.

Table 5.11.
Morphogenic responses of P, lucuma shoots in media supplemented with Paclobutrazol

Paclobu- % % Callus % % X Leaf
trawl Brown Formation Bud Leaf length
(mg/l) Tissue Elongation Elongation (em.)

0.1 0 0 50 80 0.8
1.0 0 0 100 50 0.5
1.5 a 0 a 100 1.2

40 days in culture (darkness). Aver. of 10 shoot-tips/treatment.
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Axillary buds. Effect of branching and rooting affected by hormonal control was tested;
different combinations of Z, BA, K, or TDZlIAA, IBA were evaluated. The explants used were
undevelopped axillary buds (2 mm) excised in March (fall) and evaluated up to June. The
general response of this material entering donnancy or in recess was mainly callus development
over the whole explant, the biggest being 0.9 cm in diameter. Only three combinations of K and
IAA promoted growth without rooting, the percentage of browning was high, sometimes
involving 100% of the sample (results not in Table). Some cells turned completely red, and by
isolation, fonned a callus line with intense anthocianin pigmentation.

Epicotyls and Nodal Sections. Multiple shoots can arise from an epicotyl section, as shown in
cross section (Fig.21); polynodal sections, when cultivated in liquid medium, initiate axillary bud
sprouting (Fig.22).

Micrografting. Seeds were sliced and the embryo cultured in nutrient media. When the apical
bud reached 1 cm and had developed leaves (about 30 days), it was cut, and an inverted T cut
was made. For the graft itself, buds from 2-3 year old greenhouse trees were excised and
cultivated separately in a MS-medium without growth regulators following the method of
Navarro (1992) and set in vitro for five days, to avoid infection. Then, they were placed in a BA
0,6 mg/l solution for 30 minutes, so that the scion should hold fast to the rootstock. Two
treatments were assayed; basal medium plus 100 mg activated charcoal and Ig/1 PYP 360 to
prevent browning, or plus 500 mg/1 hydrolized casein (acid). No browning was apparent in the
first treatment, although a slower development was observed as compared to the second medium;
the addition of casein allowed a larger development, but browning occurred. In time, grafting
showed not to be useful: although growth of both explants was evident in vitro (Fig.23), wound
tissue turned brown and vascular connections did not develop properly.

Anther culture. Androgenic proembryoids were obtained cultivating anthers after a cold
temperature pretreatment and appropiate growth regulators. Table 5.12 summarizes results for
the three species studied in this project. For lucumo, the cold pre-treatn.1ent consisted of 8 days at
8QC, and is needed to start differentiation. Figs 24-30 show a sequence of androgenic events
leading to pollen-derived lucumo proembryos.
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Table 5.12
Growth conditions for androgenesis in anthers of Papaya, Lucumo and Cherimoya.

Responses/Conditions Papaya Lucumo Cherimoya

Androgenesis 6.5% 3.7% No response
(androgenic embryos)
Calli 91.1% 80.0% Occasionally

Browning 5.7% 51.9% Over 90%

Culture media MS-mod NN MS,NN,B6.

Sucrose cone. 60 gr/1 40 gr/1 Different cone.

Phytohormones IAA 1.0 NAA 1.0 Different

hormones BA 1.0 BA 1.0 combinations

Low Temperature 8 days/
Requirements none at 8QC

Zygotic embryos: Complete seeds with developing ovules were cultured (Fig.31). Three types of
material: 30, 40 and 60 days after anthesis were tested. Assays made with immature embryos
showed that the 30 days stage responded better to the culture media treatment, observing
development of callus from carpelar tissue and partial development of the ovules (Fig.32). The
best response was found with the MS medium plus 2,4-D 0.1 mg/l. Besides, less browning than
in the 40 and 60 days stages was observed. There was callus development in the MS treatment
plus 2,4-D 2.5 mg/l, in 60% of explants. Lucumo ovules are usually five; only one develops and
the rest disintegrate. However, as can be seen in Fig.33 it was possible to obtain partial
development of ovules.
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Table 5.14
Immature Lucumo embryos cultivated at two developing stages, pretreated during 6 days at 4QC.

Medium & Responses
Regulat.

30-dayovules 40-dayovules
(mg/l) -

%B %S %Cc %G %B %S %Cc

WH
2.4-D+BA 37.5 50.0 12.5 92.3 7.7
2.5+0.1

MS 11.1 77.8 11.1 92.3 7.7
2.4-DO.l

MS 33.3 66.6 71.4 28.6
2.4-D2.5

MS 40.0 18 60.0 90.0 10.0
2.4-D5.0

MS
2.4-D+BA 33.3 14 66.6 66.6 33.3
2.5+0.1

Cc: callus in carpel; B: Brown; S: Swelling; G: ovular growth, average of 10 immature Lucumo
embryos

Cuttings Propagation from cuttings was attempted, with different hormones, in sand or liquid
media (as for papaya) but no positive results were achieved.

Cell Suspensions. Lucumo cell suspensions were studied to determine best growth media, i.e.
NN vs WPM, effect of reducing some N sources (N03), replacing mineral sources with organic
ones (putrescine, casein hydrolysate, glutamine), testing different hormones (TDZ, Z, BA, K)
and the effect of 2,4-D during the suspension phase (softening) to obtain cells. Different explant
sources were used including callus from axillary buds of 2-3 year old plants, callus from leaves
and callus from plantlet nodes or internodes. Cell suspensions plated for fifteen days (although
not fixed to the substrate - agarose) divide to form microcalli (Fig.34 and 35), and after 4-5
months, globular structures, ressembling proembryos (Fig 36) and profuse callus (Fig.37). Cells
normally darken but remain alive, staining with Evans' blue and acetocarmin. Cell suspension
work by Dr. Durzan in California helped to detect early stages of embryogenic cells and
microcalli; a method to obtain green friable callus has been developed in Santiago and tested at
Davis.

C. PUBESCENS and C.PENTAGONA

Leaves. Culture of Papaya and Babaco (Fig.38) leaf sections was carried out in a modified WPM
medium (including casein hydrolysate 250, glutamine 300, cystein 20 mg/l respectively, besides
sucrose 3%) in different treatments with TDZ, or in combination with IAA. In all treatments,
explants were kept in the dark during 4 weeks, and then in 500 lux. New shoots were formed in
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babaco, but the same conditions only fonned nodular calli in papaya. Figs. 39-41 show several
new shoots arising from previous callus formation on babaco leaf explants; initiation of new
growth as seen by SEM is shown on Fig. 42. However, it is not clear yet if these are new shoots
or somatic embryos. In papaya, only roots were formed from leaves in presence of 0.02 mg/l
NAA and Z ranging 0.5-5.0 mg/l (Fig.48).

Table 5. 15.
C. pentagona leaf sections responses

TDZ IAA 0.1 mg/l

mg/l % Callus % Browning

0.1 33.3 66.6
0.5 57.1 42.8
2.5 66.6 33.3
5.0 80.0 0.0
7.5 80.0 0.0
10.0 90.9 0.0

% Shoots

20

Average of 15 leaf sections

Table 5.16
C. pubescens leaf sections responses

TDZ
(mg/l)

0.1
0.5
2.5
5.0
7.5

10.0

%C

45.5
90.9
66.6
60.0
66.6

IAA 0.0 mg/l

%Chl

45.5
27.3
75.0
20.0
66.6

Responses

%NC

11

IAA 0.1 mg/l

%C %Chl %NC

69.2 15.4
100 7.7
100 7.7 38.5
100 7.1 35.7
100 43.8
100 25.0

C: callus fonnation; ChI: leaf chlorosis; NC: nodular callus; average of 15 leaf sections.

Axillary buds were grown in NN-medium supplemented by different growth regulators (Table
5.16). Several combinations of Z, BA, K, or TDZlIAA, IBA and paclobutrazol were evaluated.
The explants used were undevelopped axillary buds (2 mm) excised in March (Fall) and
evaluated up to June. Three main responses were found: elongation of numerous preformed
axillary buds (best axillary development was found in combinations of IAA plus Z); bud
branching into multiple shoots (Fig.44-45) and formation of proembryos on callus associated to
the base of the explant (Fig.46). The highest percentage of proembryo development, 72.2%, was
obtained using NAA 0.05 mg/l and BA 0.1 mg/l. NAAffDZ and IAAffDZ, and IAAIK in the
range of 0.01-1/0.1 did not form proembryoids. Some embryos did not mature in culture;
structures showing as green spots lost color in time and finally turned brown.
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Table 5.17
Best conditions for papaya axillary buds morphogenic responses.

Treatments Callus Axillary growth Proembryoids

Growth.reg. Aver. Aver. Aver.
(mg/l) % diam. % number length % E

cm expl. cm

NAA- BA
1 0.1 33.3 1,50 33.3 ++
0.5 0.1 62.5 1.30 43.7 ++
0.1 0.1 53.3 1.50 46.6 +++
0.05 0.1 100 1.30 72.2 +++
0.01 0.1 53.0 1.50 35.3 +

IAA - BA
1 0.1 55.5 120 55.5 +
0.1 0.1 100 0.70 64.7 1.0 0.50 23.5 +
0.01 0.1 100 1.00 26.6 1.0 0.90 20.0 +

NAA- Z
0.5 0.1 100 1.30 6.3 1.0 0.60 18.8 +
0.1 0.1 100 1.60 14.3 2.0 0.80 28.6 +
0.05 0.1 100 1.00 8.3 1.0 1.50 41.6 ++
0.01 0.1 100 1.00 15.4 1.0 1.00 23.0 +

IAA- Z
1 0.1 100 0.94 40.0 +
0.5 0.1 100 1.36 50.0 1.0 0.60 60.0 +
0.1 0.1 100 1.30 27.3 1.0 0.54 36.4 +
0.05 0.1 100 1.09 61.5 1.0 0.50 46.2 +

NAA- K
0.05 0.1 100 1.10 42.9 1.0 0.50 42.9 +
0.01 0.1 100 1.20 44.4 1.0 0.80 33.3 +

E: relative abundance of proembryoids. Aver. of 20 axillary buds

Shoots were treated with paclobutrazo1~ they were excised from 2 or 3-year old greenhouse trees,
placed on Petri dishes with NN medium and kept constantly in the dark; first results were
observed after 40 days. Fig. 47 shows extensive elongation of petioles and leaf lamina expansion
using 0.1 mg/l paclobutrazol.
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Table 5.18
Morphogenic responses of Papaya shoots supplemented with
paclobutrazol.

Paclobu­
trazol
(mg/l)

0.1
1.0
1.5

%
Brown
Tissue

o
o
o

%
Callus
fonnation

100
100
50

%
Bud
elongation

80
100
50

%
Leaf
elongation

100
100
50

X Leaf
length
(em.)

1.7
2.0
1.0

Cuttings. Rooting of Papaya cuttings in water was achieved using IBA (50 mg/I) , in three
different types of cuttings (apical, median and basal part of the twigs) and soaking times: 3, 7, 14
and 30 min. This was done at the beginning of summer. Fig. 50 shows rooting of apical cuttings
after 30 days, soaking time 7 min. Rooting of Babaco cuttings (Fig. 43) occurred in the same
conditions. When cuttings were treated with cytokinins, several "bruises", then growths and
buds appeared along the whole segment (Fig. 50).

Zygotic embryos. Seeds from plants growing in Santiago and collected during winter were
cultured to evaluate development of embryonary structures. The MS medium favored the
development of callus over the whole surface of the seed, but there was no external evidence of
embryonary structures (Table 5.19).
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Table 5.19 Growth responses of papaya zygotic embryos.

Growth Responses
Regulat
Medium n Browing Callus Average
(mg/l) % % diameter (em)

WH
2A-D+BA 13 15.4 84.6 2.0
2.5+0.1

MS 14 100 2.5
2A-DO.l

MS 10 20.0 80.0 1.0
2A-D2.5

MS 12 100 004
204-05.0

WH
2A-D+BA 13 100 0.7
2.5+0.1

Anthers cultivated on MS with IAA 1 mg/l. and 2.5 BA 1 mg/l. supplemented with sucrose 6%
fonned androgenic embryos. Pollen derived embryos were observed in 6.5% of the surviving
(green-yellow) anthers within 2 months. Calli fonnation occured in 91.1 % of the anthers; some
outgrowths were recognized as of androgenic origin(Figs. 51-54)

Cell suspensions

Callus derived from axillary buds, leaves and hypocotyls was obtained in NN medium
supplemented with 0.1 mg/l TDZ in combination with 0.5 mg/l IAA after 2 months. Callus (0.72
em diam.) was suspended in an orbital shaker at 100 rpm during 6 days in WPM-medium with
3% sucrose and 3% manitol, in presence of 1.1 mg/l. 2,4-D and cytokinin combinations (TDZ;
BA and/or Z), glutamine and casein hydrolysate. Later, cells were plated (Table 5.21) or
resuspended in the same medium without honnones and maintained under agitation at 50 rpm
during 5 months at 22QC, fluorescent light 18 hrs. at 500 lux. Growth of plated cells was slow
and only microcolonies and microcalli were obtained (Table 5.21). In resuspended cell cultures,
cell density increased and single globular structures developped after 5 months (Fig.57); also
proembryoids (heart and torpedo stages) were found (Table 5.20). These embryogenic
suspensions were plated in NN medium without honnones but including 1% PYP (1 mllplate)
leading to the development of more embryoids and the formation of multiple adventive
embryoids, turning green after 30 days (Fig. 56). This response was only found in cells derived
from axillary buds. It was also possible to discriminate between embryonic and non embryonic
cells (Fig. 55), with a stain reaction developed by Dr. Durzan. Fig. 58 show multiple stages of
embryoid development what may allow to scale up multiplication by this procedure in the future.
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Table 5.20
Best conditions to trigger somatic embriogenesis. Axillary bud-derived callus.

Growth regulators mg/l Callus Embryoids

2,4-0 Z TDZ BA

+++ +++
(16 embryoids/ml suspension)
++ ++

1.1

1.1

1.1

0.4

o
o

o
0.4

o

o

o

0.4 + +

Table 5.21
Results of Papaya cell suspension treatments (Petri dishes).

Mother explant Obtention of Plating Micro- Micro-
and media wi th cell suspension colonies calli
Growth reg.mg/l (shaking) % %

Hypocot.NN WPM WPM
NAA & BA 1.0 2,4-D 1.0 KO.l 60% 0%

BA 0.4

Embryo+Cotyled. idem idem 40% 0%
NAA & BA 1.0

Leaves WPM idem idem 60% 0%
NAA 0,1 TDZ 1.0

Leaves WPM idem idem 30% 60%
NAA 0,1 TDZ 0,1

Leaves WPM idem idem 30% 50%
NAA 0,1 TDZ 0,05

Other tests of organic and inorganic nitrogen compounds were done using callus from axillary
buds and hypocotyls, MS-medium with 2,4-0 0.1 mg/l or 1 mg/l for 4 days. Calli were vortexed
gently for plating. Growth conditions assayed were: NN medium reducing nitrogen 50% (KN03
or NH4N03) as indicated in Table 5.22. Medium gellified with Agarose 0.6% was autoclaved or
filter sterilized using 10 petri dishes/treatment, with 3 increasing levels of cells (10.000 cells/ml
plating 0.5, 1.0 and 1.5 mlJplate)
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Table 5.22
Conditions tested to grow Papaya cells in vitro.

CH 500 Gl 30uM
CH500
CH500

IDZO.OI

IDZO.OI
TDZO.OI

TDZO.OI

KO.I

KO.OI
K 0.1

50%
50%
50%
50%
50%
50%

1 Control, full medium, no growth regulators.
2 Full strengh K 0.1
3 Full strengh
4KN03
5KN03
6KN03
7KN03
8 NH4N03
9 NH4N03

CH, Casein hydrolysate, 500 mg/l; Gl, Glutamine, 30 uM; CM, Coconut milk (Sigma) lO%v/v).

Cell suspensions derived from hypocotyl calli grown in NN, NAA and BA 1 rng/l respectively
using filter-sterilized media and kept in light (treatment 7) gave the best results, forming a green
microcallus after 1 month, but not embryogenesis. Other good treatments were N!!s 5,6 and 9;
many microcalli were fonned although not green. Summarizing: suspending cells for 4 days in
0.1 mg/l 2,4-0 gave the best response, lowering N03 to 50% and enriching with glutamine and
casein hydrolysate was beneficial, indicating a shift in N preference toward more reduced forms.
K in conc. of 0.01-0.1 mg/l is beneficial but the addition of TDZ 0.0 I mgll works better.
Embryogenesis mainly obtained in suspensed cells, not attached to agarose in plates.

Results on cell suspension work done within the training program of Ms. Maritza Obando, at
Davis University, California showed that it was possible to follow cell divisions of discrete cell
types on a daily basis and follow-up the validity of the morphogenic patterns using citochemical
stains to characterize early zigotic embryo development. In papaya the recovery of cells from
calli reveals a wide range of cells types and differentiation. Many cells are already independent
of and dependent on previous light media effects, several cells specialize in producing
anthocyan ins. Cells can be distinguished by shape and color green clear, brown, black, red
yellow either singly or in combination in clumps and could be separated mechanically and plated
out to recover homogeneous cell lines. Somatic embryoids (white clusters) are visible. Cell
division patterns varied with a few indications of internal divisions as expected ill early stages or
embryogenesis. Of special interest were the black cells in Papaya; daughter cells were /lot black
and may be embryogenic.

Results indicate that good cells suspensions should be obtainable from Papaya calli even on a
NN medium, but other changes may increase the frequency of embryogenesis. The induction
process probably involves specific cell types and may require plating out the cell suspensions in
Gelrite or agar for further observations. Early preliminar results on plating out generated good
calli. Some Papaya cells appeared to contain 2 nuclei and this is not described in the literature.

The exudates from papaya were acetocarmin reactive and this is encouraging in term of a parallel
with acetocarmin reactive exudates from conifers. The cytoplasm of Papaya cells was not
strongly reactive and the acetocarmin-reactive material seems to be on the wall surface. fur this
reason, and to discern daugther cell divisions and growth patterns, it was considered better to use
DAPI.
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Characterization of Papaya germplasm along Chile.

C. pubescens is an introduced plant to Chile, where it is distributed in the central coastal region;
important plantations exist between 29-352SL. It is not known if this material is related or may
behave differently according to stress, showing traits such as cold tolerance. Characterization of
this material using in vitro responses of seed explants collected at different localities, greenhouse
growth and electrophoresis, was initiated.

Table 5.23

Growth differences observed in one-year old Papaya plants from four different localities between
La Serena (302 S) and La Ligua (332 S), grown in the greenhouse.

LOCALITY La Serena Las Huente- La Ligua
Juntas lauquen

Height
Xcm 19.0 +/-2.2 33.5 +/-3.33 22.8 +/-3.5 23.35+/-4.1

Stem
diameter
Xmm* 0.69+/-0.1 0.96+/-0.06 0.94+/-0.09 0.79+/-0.14

N21eaves
X 12.9 +/-2.2 16.9 +/-2.3 13.3 +/-4.24 14.6+/-5.52

Leaf area
Xcm2 29.8 +/-10 57+/-9.4 51.4 +/-15.1 38.0+/-9.64

* Stem diameter was measured at a height of 10 cm. n = 20

Table 5.24
Pathogen incidence in Papaya plantlets from four different localities raised in the greenhouse
during I year.

LOCALITY La Serena Las
Juntas

INFECfION
Aphids
Scale
Root-rot ++
Virosis +

Huente­
lauquen

+++
+
+++

La Ligua

+
+
++++

n = 20, (-)= No symptoms, (+)= Symptoms or pathogens, 30% or less of cases.
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Isozyme variations in Papaya accessions.

Exploration of differences in catalase, lactate dehydrogenase, diaphorase, peroxydase, and
aspartate amino transferase (AAT) bands was effected in papaya plantlets ranging from 20~ to 36~

S. The last two enzymes showed good differentiation. Technically, it was possible to avoid
previous contamination with chlorophyll, and the use of PMSF (Phenylmethylsulfonyl fluoride)
reduced proteolysis. Buffers were improved, enhancing extraction; and consisted of the
following two solutions, mixed in equal parts.

a) TRIS-HCI 0.05 M pH 8.3.
b) TRIS-HCI 0.05 M pH 6.8

PVP 40 (Sigma)
Glycerol (Sigma)
B-mercaptoethanol (Sigma)
PMSF
Distilled Water

12.5 ml
l00mg
10.0 ml
5.0 ml
1.0 uM

45.0 ml

Peroxidase determination: When using peroxidase, variations appear as an extra band in
localities Se 292 , Hu 31 2 , Co 3522, Ta 362 but not in Li 322 and Ch 352• (Fig.61). AAT
determination: While there is little difference between samples from 202 to 362 (Fig. 60), it is
possible to observe variations between close accesions, for example, between Co 352 and Ch 352,

it seems that when comparing plantlets within a group, the bands intensity also changes.
Diaphorases did not show variations between accessions.

In vitro growth patterns were compared between accessions (Seeds gathered in 8 localities
between the IV and VI11th 'Regions, over 1.300 Km approx.) The seeds were germinated in the
greenhouse and hypocotyls 'tested for embryogenesis. Data was insufficient to test differences on
growth patterns, but it appears that the morphogenic potential is basically the same.

Table 5.25: Morphogenic responses of Papaya hypocotyls.

Locality Results

N2 tubes at % % %
30 days Callus Embryogenesis Roots

Talcahuano 20 65 10 5
Talcahuano* 12 15 10 0
Constitucion 17 70 10 0
Llico 6 35 5 0
Chanco 20 85 5 0

Huentelauquen 20 80 0 5
V. Huasco 19 85 15 0
La Ligua 18 50 0 5

* Same locality. NN medium, NAA and BA lmg/l. Callus after 30 days; embryogenesis after
60 days.
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6) IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER

Many of the results of this project can already be used, it is possible to find relevant data on
Papaya, as protocols, in the invited chapter: Micropropagation of papaya, (Carica sp). In:
Biotechnology in Agriculture and Forestry (Ed. Y.P.S. Bajaj), Springer-Verlag, VoI.l8, 418-459.
(1992). C. pubescens propagation is based on induction of sprouting of axillary buds to be
rooted; anther culture; induction of somatic embryogenesis from calli, and regeneration from
cell suspensions. This is also important for the establishment of new Papaya and Babaco
plantations; the latter requires asexual propagation since it is a sterile hybrid. Lucumo
regeneration is presented in the paper: In vitro plant regeneration of Pouteria lucuma (R. et Pav.)
O. Kze. (Sapotaceae). Plant Cell, Tissue and Organ Culture 31: 249-252, 1992. Choosing fast
growing and producing lines of Pouteria and multiplying them is essential as this tree has a very
long juvenile period. Recovery of plants obtained by cell suspensions has to be optimized, as the
process is very slow.

For A. cherimola (cherimoya), several morphogenic events would improve prospects for mass
propagation; especially multiple shoot formation and reduction of browning (several types of
antioxidants) are important topics. The invited Chapter on Tropical and Subtropical Small Fruits,
in: Biotechnology of Perennial Fruit Crops, Biotechnology of Agriculture Series, N2 8. (eds. F.
Hammerschlag and R. Litz). C.A.B. International. 570 pp., deals with Annonas, and gives
detailed data on their morphogenetic potential expressed in tissue culture. It also deals with
other promising subtropical fruits such as SQlanum muricatum (pepino), and Solanum QuitQense
(naranjilla), as well as kiwi.

MicroprQpagatiQn permits selection against pathQgens in all species studied. ISQzyme
characterization may be helpful in detecting useful traits and also, the development of different
expertises as electrophQresis, phenols determination, single cell culture and the beginning Qf
transformation work will be helpful to improve and select more valuable germplasm of these
species.

Use of the results presupposes the presentation of the protocQls and techniques for in vitro
propagation of these species in documents aimed to a specific public, i.e. fruit growers, whQ
would undertake their Qwn multiplication programs. The time Qf applicatiQn depends largely
upon the needs of these same growers.
Larger scale trials and develQpment under in vivo conditiQns in the field are the necessary next
steps tQ bring the results tQ practical use. In papaya, results are ready tQ be scaled-up to Qbtain
material and establish new plantatiQns to improve existing stands.

It is intended to prepare a booklet with the most relevant information obtained during the project
to be used by growers to multiply these species; the bOQklet WQuid be publicized in farmer's and
farmer's unions specialized publications. This could be pQssible if supplementary funds were
available for this purpQse, a rough estimate is about US$ 4500.-

The species studied are very impQrtant for Chile, and there has been interaction of the scientists
who work Qn them: Universidad de la Serena, cQncerning the industrialization of latex and
papain;. Universidad de SantiagQ, characterization of the prQperties of the proteolytic enzyme.
INIA and U.c. ValparaisQ are interested in widening the range Qf fruit crops in Chile.

Internationally, the mQuntain papaya is impQrtant as regards studies Qf PRV resistance, since C.
pubescens is one Qf the few Caricas with this trait. Seeds were sent tQ Hawaii to be evaluated fQr
trials on interspecific crossing with C. papaya strains, looking for resistance.
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7) PROJECT ACTIVITIES, OUTPUTS

Research results were communicated in several international meetings attended; interest was
shown among scientists in sharing infonnation, gennplasm exchange and peIfonn future work,
specially during The Pacific Rim Food & Agricultural Biotechnology Conferences on Molecular
Crop Agriculture, held at Davis and Sacramento and the meeting on In Vitro Culture and
Horticultural Breeding, USDNARS Beltsville Agricultural Research Center, International
Society for Horticultural Science held in Baltimore, Maryland, during 1992. The continous
contact with Prof. Durzan and Prof. Litz also helped to improve this work.

Meetings attended (related).

1989

1989

1990

I Congreso Nacional de Biotecnologfa. 11-13 de Enero, Universidad de Talca.
(Simposio N1l3: "Cultivos de Tejidos Vegetales").

Jordan. M. "Regeneraci6n in vitro y aplicaciones a traves del cultivo de
celulas y tejidos vegetales".

Arce, P., Budge, c., Del Rfo, A., Garrido, J., Jordan, M., Leighton, E, Peralta,
F., y Pichard, G. "Biotecnologfa Vegetal en la Universidad Cat6lica de
Chile".

CTA/FAO Symposium: "Plant Biotechnologies for Developing Countries".
26-30 de Junio, Luxemburgo.

XL Congreso Sociedad Iberoamericana de Biotecnologfa Celular y XXXII
Reuni6n Anual de la Sociedad de Biologfa de Chile, Valparafso, Noviembre.

Jordan. M. "Regulaci6n de respuestas morfogenicas de plantas in vitro".
(Simposio N2 7: Diferenciaci6n celular en plantas). BioI. Med. Exp. 22(3) R
199.

Tissue Culture Networking/Workshop Meeting. National Research Council,
Davis, California, July 16-20.

Jordan. M. In vitro propagation and improvement of fruit species with
economic potential for semi-arid zones.

Encuentro de Biotecnologfa. Pontificia Universidad Cat61ica de Chile.

Jordan. M.; Gonzalez, M.L.; Goreux, A.; Iturriaga, L.; Montenegro, G.;
Mujica, A.M.; Roveraro, C.; Tesser, B.; Valenzuela, M.P.; Velozo, J. Panel:
"Multiplicaci6n in vitro de especies frutales de importancia econ6mica para
zonas semi-andas". 8 de Agosto. Biotecnologfa en la Pontificia Universidad
Cat6lica de Chile: 85.

Celebraci6n 20 aiios Facultad de Ciencias Biol6gicas, Pontificia Universidad
Cat6lica de Chile. Depto. de Ecologfa.

Panel: "Bases Biol6gicas del uso y Manejo de Recursos Bi6ticos y de la
Preservaci6n y Conservaci6n de la Naturaleza - Micropropagaci6n y
Selecci6n de Plantas in vitro". 7 de Agosto.
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1990

1991

XXXIII Reuni6n de la Sociedad de Biologfa de Chile. Punta de Tralca,
Noviembre 21-23.

Gonzalez, M.L., Iturriaga, L., Mujica. A. M., Oyanedel, E. Valenzuela, M.P.,
Velozo, J. Multiplicaci6n in vitro de Especies Frutales de Importancia
Econ6mica para Zonas Semi-Aridas. (M. Jordan, Coordinador). Arch. BioI.
Med. Exp. 23, R 230, 1990.

Fourth Conference of the International Plant Biotechnology Network
(lPBNet). San Jose, Costa Rica, January 14-18.

Jordan. M., Montenegro, G., Gonzalez, M.L., Goreux, A., Iturriaga, L., and
Valenzuela, M.P. In Vitro Propagation and Improvement of Fruit Species
with Economic Potential for Semi-Arid Zones. p. 91.

PSTC Plant Biotechnology Networking Meeting. San Jose, Costa Rica,
January 19.

Jordan, M., Biotechnological Potentials to Improve Some Underexploited
Sub-Tropical Fruit Species.

Segundo Congreso Nacional de Biotecnologfa. 18-20 de Abril. Viiia del Mar.

Jordan. M., Valenzuela, M.P., Velozo, J., Oyanedel, E., Gonzalez, M.L.,
Sanchez, P., y Montenegro, G. Respuestas androgenicas en anteras de lucuma
(Pouteria lucuma) y papaya (Carica pubescens).

Simposio Argentino de Biotecnologfa Vegetal, Vaquerfas, C6rdoba, Junio 11 y
12.

Jordan. M., Valenzuela, M.P., Velozo, J., Oyanedel, E., Sanchez, P., y
Montenegro, G. Potencialidades morfogenicas y multiplicaci6n in vitro de
tres especies frutales de importancia econ6mica para zonas semi-aridas en
Chile. Resurnenes: 67.

VIII Reuni6n Anual de Botanica. Santiago, 16-19 de Octubre, Universidad de
Santiago.

Jordan. M., Gonzalez, M.L., Goreux, A., hurriaga, L., Montenegro, G.,
Mujica, A.M., Oyanedel, E., Roveraro, c., Tesser, B., Valenzuela, M.P. y
Velozo, J. Regeneraci6n in vitro y respuestas morfogenicas en algunas
especies de importancia econ6mica en Chile (Sirnposio). Resurnenes: 45.

42 Congreso Anual de la Sociedad Agron6mica de Chile. ChilIan, 11-15 de
Noviembre.

Itun-iaga, L., Goreux, A. y Jordan. M.. Influencia de Antioxidantes en la
Promocion de Brotes de Annona cherirnola cultivados in vitro. Simiente 61:
123.

XXXIV Reuni6n de la Sociedad de Biologfa de Chile Puyehue, 27-30 de
Noviembre.
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Jordan. M., Valenzuela, M.P., Oyanedel, E. Respuestas androgenicas en
anteras de lucuma (Pouteria lucuma), papaya (Carica pubescens) y chirimoya
(Annona cherimola). Arch.Bioi. Med. Exp.24, R-191.

1992

1993

PSTC/CDR Networking Meeting on Tree Crops. E.A.R.T.H., Costa Rica,
April 2-8.

Jordan. M. In Vitro Propagation of Fruit Trees.

Molecular Crop Agriculture for the Pacific Rim. Pacific Rim Food &
Agricultural Biotechnology Conferences. University of California, Davis.
Sacramento. June 20-24.

Jordan. M. Micropropagation of some sub-tropical species. Abstracts. p. 35.

In Vitro Culture and Horticultural Breeding. USDA/ARS Beltsville
Agricultural Research Center. International Society for Horticultural Science.
Baltimore, Maryland. June 28 - July 2, 1992.

Jordan. M. Obando, M., Iturriaga, L., Goreux, A., and J. Velozo.
Organogenesis and regeneration of some Andean fruit species.

XXXV Reuni6n de la Sociedad de Biologia de Chile Puyehue, 25-28 de
Noviembre.

Jordan. M., Obando, M., Goreux, A. y Velozo, 1. Regeneraci6n in vitro de
algunas especies frutales andinas.Arch.Bioi. Med. Exp.25, R-70

XIV Jornadas de Investigaci6n de la Universidad Nacional de Cuyo. II
Jornadas Regionales y I Trasandinas de Investigaci6n. 10-14 de Mayo 1993.

Jordan .. M., Velozo, J., Goreux A., y Mujica A.M. Organogenesis y
Regeneraci6n de algunas Caricaceas in vitro.

The following training seminars and theses were developped within the scope of the project

Soledad Rivas: Cell suspensions.
Pablo Sanchez: Cell suspensions.
Emesto Lay: Micrografting
Maria de la Luz Gonzales: Morphogenesis
Maria Paz Valenzuela: Anther culture
Eduardo Oyanedel: Tissue culture

Postgraduate training was done by Mrs. M. Obando, Magister of Science candidate, at Dr.
Durzan's laboratory, Davis California, during 1992.
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Related Publications

Jordan, M. (1989). Cell and tissue culture potentialities to regenerate three papaya species
(Carica candamarcensis, C. papaya and C. pentagona, Erwerbobstbau 3.1:90-94.

Jordan, M. (1989). Estado actual de la Biotecnologfa Vegetal en Chile. P. Universidad
Cat6lica de Chile; Facultad de Ciencias Biol6gicas; Laboratorio de Botanica,
Santiago de Chile. (Document prepared for FAO).

Jordan, M. (1990). Regeneraci6n in vitro y aplicaciones a traves del cultivo de celulas y
tejidos vegetales. Arch. BioI. Med. Exp. 23:113-117.

Jordan, M. y Goreux, A. (1990). Perspectivas del cultivo in vitro de celulas y tejidos
vegetales. Panorama Econ6mico de la Agricultura. Q2:16-22.

Jordan, M., Arce, P., Gutierrez, A., y Roveraro, C. (1990). Inducci6n de respuestas
morfogenicas in vitro mediante co-cultivo de diferentes especies frutales. Cien.
Inv. Agr. 11 (1-2) 13-17.

Jordan, M., Arce, P., y Roveraro, C. (1990). Micropropagaci6n in vitro de algunas especies
frutfcolas en Chile. Cienc. Inv. Agr. 11 (3) 111-116.

Jordan, M., Iturriaga, L., Roveraro, c., and Goreux, A. (1991). Promotion of Annona
cherimola in vitro shoot morphogenesis as influenced by antioxidants.
Gartenbauwissenschaft .l6: 224-227, 1991

Jordan, M., Roveraro, C., Stipo, A., Aguirre, J., Velasquez, L., y Tesser, B. (1991).
Induccion de variantes somaclonales y transformacion en papa (Solanum
tuberosum) empleando Agrobacterium tumefaciens. Cienc. Inv. Agraria li:
129-136.

Jordan, M. (1992). Micropropagation of Papaya (Carica sp). In: Biotechnology in
Agriculture and Forestry (Ed. Y.P.S. Bajaj), (Invited chapter) Springer-Verlag,
Vol. IS, 418-459.
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8) PROJECT PRODUCTIVITY

We believe that the project fulfilled the proposed goals. We have now a better understanding of
the physiology of the plants, morphogenic potential at the cellular and tisular level and regulation
due to distinct types and concentration of phytohormones. Browning problems have also been
solved to some extent. The results of androgenesis to obtain haploid plants in the future are also
encouraging, as well the potential to scale up multiplication through somatic embryos derived
from cell suspensions. Several articles and chapters in books were published and we believe this
information will be useful for scientists working with related species.

9) FUTURE WORK

Research on morphogenic events should be continued via histology, to complete the sequences
already begun in more detail. Electron microscopy will also help to detect viruses or pathogens
in explants of the three species under study.

The group is interested in the continuation of the study of Andean subtropical fruit species.
Work on cell suspensions has begun to be explored during this last period, and shows great
promise as a valuable tool, for scaling-up and transformation work on disease resistance that
could be performed later on.

Since progress has been achieved in the regeneration from leaf explants and cel1 suspensions,
transformation work can now be envisaged. It was possible to start work with the plasmid pGV
2260 (having the gene GUS as marker) kindly provided by Dr. Luis Herrera Estrella, Mexico, for
potato (Jordan et aI, 1991). Having established this technique it would be possible to follow-up
current research using a construction with a useful gene in collaboration with other scientists in
the USA. This would mean to link our work with current research in the U.S., and eventually to
prepare a joint project.
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Legends to Figures

Fig. 1
Fig. 2
Fig. 3

Fig. 4.
Fig.5,a-d.
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10

Fig. 11
Fig. 12
Fig. 13
Fig. 14
Fig. 15
Fig. 16-17
Fig. 18
Fig. 19

Fig. 20
Fig. 21
Fig. 22
Fig. 23
Fig. 24
Fig. 25
Fig. 26
Fig. 27
Fig. 28
Fig. 28
Fig. 29

Fig. 30
Fig. 31
Fig. 32
Fig. 33
Fig. 34-35
Fig. 36
Fig. 37
Fig. 38
Fig. 39-41

Fig. 42
Fig. 43
Fig. 44
Fig. 45
Fig. 46
Fig. 47
Fig. 48
Fig. 49

Cherimoya hypocotyl section fonning multiple shoots.
Same section .with roots at the proximal end.
Cross-section of a hypocotyl explant showing sub-epidermal meristematic
centers and development of shoots with trichomes.
Simultaneous development of shoots from a hypocotyl section.
Morphogenic events related to polarity in cherimoya hypocotyls.
Detail of an axillary bud with trichomes.
New axillary buds fonning on a shoot originating from an axillary bud explant.
A petiole explant showing new shoot fonnation.
Petiole section close to the lamina, showing developmen't of the new shoots.
Elongation of leaf primordia on shoot-tips treated with paclobutrazol. Shoot-tips
were inhibited and no roots are fonned.
Bud initiation in a browning shoot-tip.
Cherimoya flowers excised within 30 to 60 days after anthesis in culture.
Callus fonnation from flower tissue.
Different cherimoya selections from gennplam bank.
First stages of shoot fonnation on leaf lamina in Lucumo.
Several shoots arising from abaxial leaf lamina in Lucumo, close to the cut edge.
Petiole explant fonning simultaneously shoots and roots.
Close-up showing axillary buds developping at the base of the new shoot fonned
from a petiole explant.
Shoot tip fonning roots.
Cross section of multiple shoots arising from an epicotyl explant.
Polynodal section, sprouting of axillary buds.
Micrografting.
Androgenesis in Lucuma; first stages of pollen development in the anther sac.
Multicellular pollen showing 6 or more nuclei.
Development of proembryoids from microspores in the anther sac.
SEM photograph showing outgrowths from the anther.
SEM photograph showing embryoids emerging from the anther.
Outgrowths bursting from a ruptured anther.
Several globular masses ressembling proembryoids arise simultaneously from
the anther.
Developped embryo, removed from the anther.
Complete seeds with developing ovules.
Development of callus from carpelar tissue.
Partial development of ovules.
Cell suspensions; plated cells with microcalli.
Globular masses as proembryo-like structures.
Profuse callus fonnation from lucumo cell suspension.
Babaco.
Shoot formation on babaco leaf explants and cross-section showing bud
formation.
SEM photograph showing first stages of shoot fonnation on leaves.
Babaco cuttings with roots.
Papaya axillary-bud branching into multiple shoots.
Cross-section of bud during branching.
Somatic embryoid fonned from callus.
Extensive elongation of petioles and leaf lamina expansion with paclobutrazol.
Papaya leaf explants forming roots but no shoots.
Rooting of Papaya apical cuttings.
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Fig. 50
Fig. 51
Fig. 52
Fig. 53-54
Fig. 55

Fig. 56
Fig. 57
Fig. 58
Fig. 59
Fig. 60

Stem outgrowths initiating shoots.
Cross-section of papaya anther at culture stage.
Multicellular pollen.
Pollen embryoids arising from anther.
Staining response of embryonic and non embryonic cells. Proembryoids in
suspension culture.
Cell derived somatic embryos with adventive embryoids.
First stages of somatic embryogenesis in cell suspension.
Several stages of somatic embryos in suspesnsion, ready to scale-up.
Peroxidase detennination.
Aspartate amino transferase (AAT) detennination.
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11.12 Micropropagation of Papaya (Carica spp.)

M. JORDAN'

I General Account

Future policies linked to the exploitation of fruit species originating from regions
where water resources are scarce, as is the case of the Central Coastal area of Chile
(lat. 28° to 36° S), must consider species showing rapid growth, good production
rates, and economic returns justifying the investment in controlled irrigation
equipment and labor costs. Selection of germplasm and ecotypes showing special
characteristics must be backed by quick and massive clonal multipliC3tion systems,
as a requisite to increase productivity. Within the Caricaceae species growing in
Chile, some lines can be pre-selected as very useful as regards productivity or as
enzyme sources, and little-known fruits of new hybrids or introduced material can
become important. In Chile. three species of papaya are found: of these Carica
pubescens, Lenne and Koch (c. candamarcensis, Hook f.) "mountain papaya"
(Uphof 1968) and the recently introduced C. x heilbornii, Badillo n.m. pentagona
"babaco" are the only edible fruit crops. Both have great potentialities for culture in
mediterranean coastal regions, given their early yield, fruit quality, productivity,
and, in the case of C. pubescens, a source of the proteolytic enzyme papain, required
by the food, pharmaceutical, and leather industries. The third species corresponds
to the endemic C. chilensis (Planch. ex. A.B.C.) Solms-Laub. "palo gordo" used as
forage in some locations between lat. 30°-33 oS.

1.1 Botany

The genus Carica involves 22 species mainly found in the West Andean foothills
(Upper Amazonian Basin; Munoz 1988), only one native species is described for
Chile, Carica chilensis, growing between 29~ and 30 oS.

Carica pubescens (Fig. 1 A-D) "mountain papaya" is an arborescent herb-like
species, 2-3 m high, growing mostly in temperate highlands (1500-3000 m.a.s.l.)
from Panama to Bolivia; it is monoecious-dioecious (Munoz 1965, 1988; Badillo
1971), and has 2n chromosomes = 18. According to Munoz (1988), C. pubescens has
numerous subterminal leaves, with five to seven lanceolated segments, and cylindri­
cal petioles, 15-45 cm in length, distributed horizontally around the stem, and
different flower forms: plants with female flowers only, set in a short inflorescence;

I Laboratorio de Botanica, Facullad de Cienc:ias Biologicas.. PODlific:ia Universidad Catolica de Chile.
Casilla II4-D Santiago. Chile

Biotechnology on Agriculture and fOre5uy. Vol. 18
High.Tech and Miaopropagation llied. by Y.P.S. BaJaJ)
([) Sprinll"r·Verlag Berlin Heidelberg 1992
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male nowers and incomplete hermaphroditic nowers; other mainly male. Fruits are
fragrant. acid. 7-10 cm long. 4-6 em wide. oblong-ovoid. spiculated. five furrows.
thin pericarp green or yellow at maturity. brown apex. Fruit shape varies depending
on nower type and season.

Morphologies of C. hcilhornii and C. chilclIsis were fully described by Badillo
(1971).

1.2 Distribution and Importance

Due to climatic conditions. only C. puhcscclls grows in the temperate coastal valleys
ofChile. between 28° and 36 oS. Two crops a year are harvested in regions with most
suitable climate (lat. 29° $). Although there is a relatively high demand in the local
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market, it is not very well known abroad, so extensive plantations were not made, as
acreage depends on price fluctuations. Not more than 200 ha were planted between
1970 and 1980 (Lagos and Hederra 1979). Attention has been paid to this species
lately, because: (I) the fruit is a quality material for the canning industry as it
maintains its consistency and fragrance; (2) the fruit is used to flavor ice creams,
desserts, preserves, juices. pastries, and as candied fruit (3) the plant is also
important due to its papain content; this proteolytic enzyme is used in the brewery,
food. and leather industries. and in pharmacy. Baeza et al. (1988) postulate that
papain activity in C. pubescens is seven times higher than in C. papaya; perhaps this
is why C. pubescens is not edible when raw (Fig. 2b).

The latex of plant tissues and fruits contains approximately 90% papain
(Hermosilla 1979, 1984). A vertical incision is made in the fruit to extract latex,
which flv.vs into polyethylene bags. Surprisingly. the wounded papaya fruits do not
rot. but heal perfectly. The scar is similar to a thrips attack, but is easily removed by
peeling. It is necessary to do more research to implement dual or single utilization of
fruits and latex.

Carica x heilbornij has been assayed in the field in areas where C. pubescens
grows. Fruits develop normally, but work on phenology, fruit set. growth, and
development of the whole plant must be done.

1.3 Limitations

Productivity is hampered by the polygamic conditions: identification of the most
productive sexual forms. their selection and multiplication, and crosses can
probably help. Selection is also important to obtain cold-tolerant lines and extend
the cultivation area to the cooler central valley of Chile. as yield varies seasonally,
assuming influence of photoperiod. and temperature on kind and placement of
productive flowers (Moreno et al. 1979),

Increases in plantations of C. puht'scens (and C. I!eilhornii) can be expected so far.
in terms of resistance to viruses (alTecting C. papaya crops in the tropics, i.e.. PR V ­
papaya ringspot virus); but other pathogenic pressures may severely alTect moun­
tain papaya. Plants 6 to 7 years old are normally removed. because of lower yields
probably due to viruses. Poor regeneration and diseased plants result from
apparently healthy cuttings obviously affected by several hidden pathologies of
unknown etiology.

As discussed by Litz (1986), ringspot virus is the most serious problem for
papayas. but others, such as mosaic virus, apical necrosis virus, yellow crinkle virus.
tobacco ringspot, and papaya bunchy top. also cause severe losses. Systematic
assessment of C. pubescens resistance to these is then needed.

While the Chilean climate is not favorable to C. papaya, C. pubescens shows
limitations due to polygamy and seasonal fluctuations limiting productivity (Kiger
1979; Moreno et al. 1979). The sexual forms, not recognizable in the juvenile stage,
and differences due to seasonal variations are aggrevated by the traditi'onal use of
seeds, and in the field the number of "male" plants can be as high as 30%. Ifselection
of the best specimens is accompanied by vegetative propagation systems, it will be
possible to reduce variability in this species; however, other improvement altern­
atives. through the expression of new genotypes, must be explored.



C. pubescens is the species most cultivated in Chile, due to its good adaptation to
local conditions; however, other members ofthe Carica genus are widely distributed
in the subtropical and tropical areas of the world (Litz 1986). Species, and cultivars
within species, have been chosen for their suitability to specific climatic conditions,
but all are limited by temperature; here again, the cold tolerance of C. pubescens
could be an advantage, and the need for controlled interspecific protoplast fusion
becomes evident. From this point of view, the possibility to obtain somatic hybrids
between species of this famify, in vitro regeneration, and the evaluation of some
criteria employed to characterize the plant material used, are most relevant and
discussed here.
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1.4 Conventional Propagation

Conventional propagation of C. pubescens is done by selling three or four seeds in
clusters and cultivating plants until flower characteristics appear, and/or fruit yield
is evident; later. male or Jess productive plants are eliminated, with additional work
and costs for growers.

Attempts to propagate the most productive types asexually have been made.
The results have been poor: although roots and plants can be recovered, they arc
stunted. chlorotic. and show severe disease symptoms not present in the parents
(mostly viruses). This is a severe limitation to propagation in the field. and makes
implementation of in vitro culture techniques necessary.

1.5 Need for in Vitro Cuhurt or Carica spp.

In vitro culture of C. pube.~c(!ns species is important to achieve the following goals:

- Obtaining virus-free plants.
- Multiplication of selected material, i.e.. high yield floral forms (female clones?),

highly productive lines.

- Multiplication of high papain level clones. cold-tolerant clones, or clones showing
other useful traits. A use r 'lI approach could be to obtain homozygous material
derived from haploids regenerated through androgenesis.

- Obtaining and regenerating protoplast fusion products, or embryos, from crosses
with other Carica species. This can lead to new recombination products.

- Conservation, for C. chilensis (palo gordo). This species is considered in danger of
extinction at present. and in vitro multiplication could rapidly rescue and increase
material of ellisting genotypes or germplasms.

- In the case of Babaco this hybrid between C. slipulaca and C. pubcscens is
propagated asexually only since no seeds are produced.

- Selection and propagation of ecotypes or clones with a wider adaptation range
also require massive multiplication systems.

, ,



Most work and attention have been devoted to Carica papaya. Severa] authors have
reported intensively and defined protocols to regenerate this species through
different in vitro propagation cell and tissue systems (see Litz and Conover 1979,
1980; Litz 1984; and George and Sherrington 1984 cited therein).

Since C. papaya plantlets were used in our work with the sole purpose of
obtaining protoplasts for fusion experiments with C. pubescens, our protocols were
envisaged mostly towards callus proliferation, as the resulting yellowish tissues and
their cells were easy to distinguish from the green chloroplast-rich mesophyll cell
used as protoplast source in C. pubescens.

In the case of C. x heilbornii, most work has been carried out by Cohen and
Cooper (1982); also Cossio and Torelli (un pub!.) indicated methods to produce high
numbers of plants, for commercial application, using micropropagation.

In our laboratory somatic embryogenesis from calli has been achieved in
C. papaya and C. heilbornii. In this last species, isolated subcultured embryoids de­
differentiated later into calli. The use of axillary buds was more successful. and. as
reported, needs supplements (Cohen and Cooper (982) and two-step cultures (see
Protocol). Information on previous work done on C. pubescens is scanty (Jordan et
aJ. 1983. 1986; Mosella and lIigaray 1985; Jordan (986).

Micropropagalion or Papaya

2 Brief Review of Tissue Culture Work on Papaya
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3 Micropropagation

3.1 Axillary Buds

Work has been done on propagation of C. pubescens via regeneration of plants
starting from shoot tips and petioles (Mosella and lIigaray 1985). The shoot tips and
petioles were obtained from growing adult plants. both from the field and
greenhouse. The shoot tips were prepared and cut in the laboratory to obtain
suitable explants. The size of shoots tips used as explants was from 0.4 to 0.5 mm.
consisting of the meristem and one or two leaf primordia. These explants were
sterilized in 5% calcium hypochlorite for 10 min and rinsed several times in sterile
water. DIECA was added (0.15%) to avoid tissue browning.

Regeneration of plantlets from meristematic shoot tips was attempted in media
containing 0.1 mg/I benzyl amino purine (SAP); 0.1 mg gibberellic acid (GA J ) and a
phenolic compound, floroglucinoJ. 126 mg/1. Growth was carried out under
controlled conditions (temperature 24 to 26 DC, 1600 I x and 16 h/day photo­
period). Under these conditions explants grew rapidly, to an average size of 5.5 mm
in 35 days. These results were apparent only when GA J was present in the media,
and floroglucinol added.

In order to trigger root formation in developed apices. it was necessary to
transfer them to fresh media, now containing indol butyric acid (ISA) 5 to 6 mg/1.
Explants did not show responses to other standard auxins. Rooted plantlets did Dot
exceed 10%. and responses were clearly dependent upon the season when in vitro

. \'
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culture starts and the sex of the mother plant. There is evidence indicating that the
best season is from November to March (summer) for explants obtained from
female plants; plantlets then show good equilibrium between leaves and roots.

Transplant and autotrophic conditions are quickly reached under artificial mist.
Transplanting can be done either to pots containing a peat moss-sand-earth mix or
using Jiffy tablets.

3.2 Somalic Embr)'ogenesis

3.2.1 Somatic Emhr,l'ogenesisfrom Callus (Jordan et al. 1983)

Callus tissues were cultured starting from hypocotyls of 2-month-old plantlets from
the greenhouse: ex plants were also isolated from the pericarp or the peduncle of
immature fruits (80% of fmal size). Hypocotyl explants were about 3 mm long and
weighed 4.5 mg on the average; pericarp and peduncle sections weighed 62 mg
(average), All explants were sterilized in 2% commercial sodium hypochlorite for
3 min. and then cultivated in Pyrex tubes (25 x 125 mm) containing 13 ml of
autoclaved nutrienl media each (pH 5.5). on Whatman No. I paper bridges, Tubes
scaled with aluminum foil were placed in a culture chamber at 25 "C, III h/day
56 ~E 'mLs. Explants were fixed in formalin-acetic acid-alcohol (FAA). dehydrated
in hUlyric alcohol series. emhcdded in Paraplast. sectioned at )() pm and stained
with safr;min-fasl ~reen. for anatomical observations.

Three nutrient solutions with increasing salt levels were tested. Either Nitsch
and Nitsch INN) 1%9. Murashi~e and Skoog (MS) 1962. or Jordan et al. (J) 1978
hasal media consislin~ of MS micronutrients. iron. and NN vitamins combined
with different concentrations of ~-naphthaleneacetic acid (NAA) and 6-furfurylam­
inopurine (K) were used.

Suhculture of c;1I1i was done on half-strength MS medium. solidified with 0.8%
;I~ar and supplemented with casein hydrolysate and IAA as a single hormone.

It was seen that hypocotyl and pcricarp ex plants reacted quickly. initiating
callus growth after 7 or 8 days in culture. in the different nutrient media and various
hormone combinations tested. NAA was essential to start cell proliferation.

Increasing NAA concentrations. combined with K. enhanced growth noticeably
with the sole exception of K 5 mg/I among those tested (Table I). An average
1500 mg fresh weight/explant was reached after 70 days of culture for hypocotyl
explant-derived tissue on MS medium (NAA 5; K I mg/I). However. there was
considerable variation for growth among individual cxplants within the same
treatments; some sections whitened and died after I or 2 days only.

The cells of hypocotyl-derived callus tissue proliferated. showing a typically
parenchymatic structure. their size increased mainly at the periphery. A typical
yellow color appeared. due to reduced chlorophyll content in the rapidly prolifera­
ting tissue. and this condition could not be overcome. However. the initial events
leading to embryoid organization within callus tissue were evident (Fig. 2c.d) and
after 2 months. outgrowths showing a green color and corresponding to different
stages of developing embryoids (up to ten per callus) appeared (Fig. 2e. f. g).

At this stage no subculture was necessary. Somatic embryoids arising from
tissue originally grown in relatively high levels of both phytohormones (NAA

\ ,
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Table I. Effect or growth regulators and nutrient media on growth and regeneration or hypocotyl.
explants arter 70 days. (Arter Jordan et al. 1983)

NAA K Nitsch and Nitsch Murashige and Skoog Jordan et al.
(mg.l) (mg./I)

% Callus Relative % Callus Relative % Callus Relative
initiation growth initiation growth initiation growth

0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.0 0.0 0.0
0.1 0.0 55.0 + 44.4 + 75.0 +
0.1 0.1 64.3 + 76.5 + 75.0 +
0.1 1.0 40.0 + 56.3 + + 58.8 +
1.0 0.1 75.0 + + 38.9 + + 72.2 + +
1.0 1.0 42.9 + + +E 16.7 + + +E 53.3 + +E
5.0 1.0 41.2 +E 12.5 + + + 26.3 + +
1.0 5.0 0.0 0.0 50.0 +

Each treatment consisted or 20 replicates. E '" embryoids: callus growth:- no callus rormation; + up to
500 mg./explant; + + 500-1500 mg; + + + over I SOO mg.

1-5 mg/I; K I mg/I) were not affected by the salt/sugar concentration or qualitative
composition of the three nutrient media tested.

Finally. when single embryoids or callus portions with several embryoids were
transferred to half-strength MS medium. supplemented with 0.5 mg/I fAA and
200 mg/l casein hydrolysate, normal plantlets were recovered.

Using the same medium, other subcultured callus portions could form roots
and/or ShOOIS. depending on the level of both growth regulators initially used.
Additionally, induction was sustained after a long period. since yellow callus still
gave rise to new embryoids.

On the other hand. pericarp sections showed only initial de-differentiation
events, under the same conditions as described above. and peduncles did not
respond at all.

Our experience leads us to say that C. pubescens has a reasonably good potential
for in vitro regeneration using juvenile tissues. Transfer to the greenhouse followed
as described in Section 3.1.

3.2.2 Somatic Embryogenesis from Cell Suspension Cultures (Jordan 1986)

We tested the in vitro embryogenic capacity of cell suspension cultures of
C. pubescens using cells derived from hypocotyl calli. and obtained somatic
embryos derived from cells in suspension or from microcalli. We saw that responses
were affected by media and phytohormone levels. The best results were obtained
when using Nitsch and Nitsch medium (NN) supplemented with NAA to grow the
cells in suspension and then plating them on the same medium, but containing
benzyladenine. or using combinations of both hormones.

As for callus, we used hypocotyl sections 3 mm long. from greenhouse plants,
and cultured them on NN medium plus NAA and 6-BA I mg/l. After 30 days. there
was no evidence of embryoids or organogenesis in calli examined under the

, ~ ..
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Fla. 2. • Planu of C. pof'a.l'u (/r(1) lind C. fluhrsuns (ril/hl) grown in the greenhouse. b Green fruits of C.
puhrscr,u. D~. size 12 em. used liS pericarp explllnls. c HYPOColyl·derived callus of C. puhrscrn.~ lifter
RO days in callUre. Two green somatic embryoids rise lit the surface. d Re-embryonalization in older
callus lluuc leadinllto embryoids. ~ Embryollenetic callus with several developing embryoids: the whole
tis.,ue llradually underllocs emhr)·oltcncsis. f Complete planllet and development of new embryoids after
subculture in a solidifIed medium. It Planllel lransferred to soil (greenhouse)

microscope. I-Iesh weight of calli averaged over 2000 mg at the time. Cell
suspensions were prepared using five sections of 5 mm diameter. average 60 mg
each. of noncmbryo forming unorganized calli, which were transferred to 50-ml
Erlenmeyer flasks each containing 4 ml of NN or modified B5 medium, with
combinations of NAA and BA at zero or I mg/l. The flasks were shaken at 120
strokes/min. Cultures were maintained at 28°C and 50 ~E/m2Is. 18-h photo­
period. Arter 10 days. suspensions were examined to check for the presence of
embryoids and viability. No embryoids were detected, only single cells. viability
90% and over. Then 2 ml of each suspension examined were used to plate four
Petri dishes 5 cm in diameter. The dishes contained NN or B5 media with 0.5%
agarose and NAA/BA combinations (either zero or I mg/I). Dishes were kept at
28 ~C in the dark for 4 days. and then under 18-h photoperiod (100 ~E/m2/s).

1_'



Table 2. Morphogenic responses of CllriCIl cllndornllru,ui, cell suspensions started from nonembryo forming callus' \0 phytohormones and
nulrien! media afler 8 weeks in culture". (Arler Jordan 19861

No
hormone

NAA
(I mg/I)

..",

.:
.,8
:a
§ SA
u
co (I mg/I)
.5
;;
0::

NAA + BA
(I mg/I)

No hormones

N' n.r.'
~4

N clusters and
N calli
G n.r.
e
G m<alli'
N
N proembr)'oids' +
N and calli
G m<alli
N
G colonies
e
N c1uslers and
N m·calli
G m-calli
e
G calli and
N prlHmbr)'oiJs +
G proembr)OIJ +
e

Suspension conditions'
NAA(I mg'l)

N c1uslers
N
N calli
e
G m<alli librilar
e shape
N m-calli
N
N colonies
e m-alli
G m-calli
e
N proembr)'oids + + +
Nm-alli
N prlHmhr)'oids +
e
G callus
e
N c1uslers and
N prOt'mhr)oids + +
N nr.
e
Gm-calli
e

BA(I mgll)

N m<alli librilar
N shape, proembryoids +
N colonies, m<alli
e
G n.r.
e
N m<alli
N
N n.r.
e
G m-calli
e
N n.r.
N
N m·calli
e
Gm<alli
e
N n.r.
N
N n.r.
e
G librilar colonies
e and clusters

NAA + BA(I mgj/)

N m-calli librilar
N shape
N n.r.
e
G calli
e
N calli
N
N m·calli
e
G n.r.
e
N n.r.
N
N m<alli
e proembryold +
G n.r.
e
N n.r.
N
Nm<alti
e
G n.r.
e

::::
~.

o
"0a
-g
~
.0
::I
o...
"C..

"0..
';i

,. ,.I

• Calli were raised rrom hypocotyl seclions in Nilsch and Nilsch (1969) medium supplemenled with NAA + BA (I mgfl) over 30 days. • Values
represenl observalions averaged from rour dishes1lrealmenls.• suspension media or condilions. • Culture media (plaling). ' No response. 'm·
calli - microcalli.· Proembryoid rormalion lindicaln !realmenU where alleullhis slage was observed) + + +. up 10 30 proembryoids/dish;
+ +, up 10 10 proembryoids/dish; +, only few proanbryoids.
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Several combinations of nutrients and hormones gave rise to somatic embryo­
genesis In suspensIOn cultures. as summarized in Table 2. The best response was
oblained when cells were suspended in NN medium containing NAA I mg/l and
then plated in NN medium plus BA. After 8 weeks more than 20 yellowish green
embryoids were counted in each Petri dish. Additionally. several developing
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~. 9

Fig. ,'11"1: tMtcr Jordan 19S1>1. II Emt'lryol!enlc Cllh "nd emt'lryl1lds del'eloped from suspended cells after
~ Wl"Cl.~ Several other emt'lrvoids "ri/=inatin.c throu/1houl the calli tissue are also visihle. b Apr,,·
ernt'ln,,·lil.,' slrUClUre derived from cell suspem,,'n after 2-~ weeks in cullure. c. d 5EM ph(llO!!raphs:
emt'ln "ids protrodulOl! from callus lissue. c Cros,-seelion of an emt'lrvoid del'e1opin!! on the surface of
LillI. r. g Del'eloped emhrl'oids 10 a cross-sectIOn and isola led from lhe malernal callus lissue
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proembryoids were observed under the microscope. Other treatments also led to
embryoids. but at a reduced frequency.

The presence of BA (1 mgjl) either at the suspension or plating phases. was
always necessary to obtain embryoids. Most embryos were obtained using NN
medium only. but when using B5 medium for suspension and NN medium for
plating, or vice versa. this was also possible. When using G medium only, microcalli
did proliferate. but fewer embryoids were observed. even after 3 months under
culture. Figure 3a-g represents some regeneration events (indirect embryogenesis)
from cell suspensions through microcalli.

From our work. it can be seen that the composition of the NN medium and the
presence of BA in the plating phase are favorable conditions to induce embryoge­
nesis in C. pubescens. which seems more recalcitrant then C. papaya and
C. slipu/ara: these species readily express somatic embryogenesis from cell suspen­
sions (Moore and Litz 1984).

3.3 Androgenesis

Recently. direct embryoid formation from microspores of C. publ.'scl.'ns anthers was
obtained (Jord:m et al. 1991). Induction followed use of an MS·modified medium
with 6% sucrose and including auxin and BA I mg/I each. Haploid or doubled
homozygous material can be used for sex determination studies and breeding
purposes.

Table 3. PrC:J1la~mlllysi~ responses or jU\'c:nile leaves or Curicu ,·unJumurl'l'n.m III different
mannlllli and sucrose con~'Cnlrallons. (Mler Jordan cl al. 19116)

Osmllllcum' % Mlllarity Time Preplasmolyzcd
approx. (minI cells %

Mannitol II 0.60 30 30
60 20
90 2

13 0.71 30 35
60 90
90 60

15 0.82 30 15
60 8
90 0

Sucrose 20 0.58 30 40
60 35
90 20

22 0.64 30 30
60 85
90 35

24 0.70 30 35
60 20
90 8

'Osmolicum in inorganic CPW sailS.
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3.4 Protoplast Fusion

M. Jordan

Considering that breeding work within the Caricaceae is hampered by sexual
incompatibility, transfer of disease resistance and other desirable selected traits can
be handled by means of interspecific protoplast fusion.

Methods are described by Jordan et a1. (1986). As a first step to obtain somatic
hybrids, special requirements to isolate, fuse, and cuhure protoplasts of
C. pubescens and C. papaya must be defined. We worked with these two species,
isolated protoplasts, fused them, and arrived at the first stages of cell cluster
formation.

Preplasmolysis conditions, protoplast yield responses of different explants to
enzyme concentrations, temperature, nutrient media, tissue sources, and manipula­
tion were established for protoplast experiments (Table 3, Figs. 4, 5).

To obtain protoplasts, were used C. pubescens young leaves from greenhouse
plantlets (4 months old) as well as adult leaves from 2-year-old plants in the field.
Protoplasls of C. papaya cv. Pauna were isolated using calli arising from cuhured
hypocotyl sections. First. the material was disinfected with Captan 0.2% 10 min
rinsed in sterile distilled water, immersed in 70% ethanol for 60 s. Leaves were then
soaked in Na-hypochlorite 10% for 7 min and finally rinsed in distilled water.

A

..
E....•
••
Q.
o

~ I'
Q.

~ 10

•o

B

18

18

24

24

39

39

48 T,m.
(tw, I

48 T.m.......
Fig. 4A. B. Effects of lemperature. time. and enzyme concentration on protoplast yield of C. cllndllmar­
censis ju\'enile leaves. (A) Cellulase 0,5%. Macerozyme R-IOO, 1%. Mannilol 13%. B Cellulase 2%
Macerozyme 0.5%. Mannitol 13%. (After Jordan el al. 1986)
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K-3 moO·lAS moo.MS

Fie. 3. Protoplast yield from juvenile leaves. aduh leaves and calli of C. candamuruILSis in two digesting
media afler ~4 h at 30 "c.

For preplasmolysis. leaves were set in mannitol osmoticum (11-15%) or
sucrose (20--24%) plus CPW inorganic salts (Reinert and Yeoman 1982) for
dilTerent periods of time. Leaves were sliced and left to digest in the dark. in the
samc mcdia containing Cellulasc and Macerozymc in several concentrations.
combincd with mannitol. methane-ethane sulfonate. CaCI 2 in Kao et al. (1974)
protoplast culture medium or modiflcd MS nutrients.

Enzymes were filtered and media autoclaved. Protoplasts were centrifuged at
100 g. pellets suspended in CPW or NN media. filtered. centrifuged. washed three
times in 13% Mannitol plus CPW salts. and then plated on modified NN medium
or 85 medium. gelled using 0.5% agarose. The Petri dishes were kept in the dark
for 48 h. at 22°C. then drops of fresh NN medium were added to the dishes.
lowering the concentration to 8% to allow wall regeneration and cell division.

For fusion. protoplasts from both sources were resuspended as above, and
drops containing each kind of protoplast were mixed in a concave slide: drops of
PEG 20000 MW were added before plating. The sequences of protoplast isolation,
fusion. and culture were followed under the microscope. Samples were stained with
0.1 % bromphenol blue to check viability, and density was checked with a Reichert
Bright-Line hematocymeter.

Best preplasmolysis response (85-90% average). occurred after 60 min when
treated with 13% Mannitol or 22% sucrose; the highest yields of viable protoplasts
were obtained with 2% Cellulase and 0.5% Macerozyme 0.5% at 30°C during
39 h. Better yields were obtained from juvenile leaves, the mod-MS medium was
better than the K J . Figure 6a-e shows protoplasts and microcalli derived from
fusion experiments of both Carica species.

/ .'
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Fie, 6.•. b hllblcd "nd I,"cd p'"I,'pb," III C. plJ!>n('f'/I\ tlrom j:rccn mc,"ph~ II parcm:h"ma I and
( p"fl"r,/llr"m \TII,," 1'.dlllrl"l (. d Cell dll,lcr, Imllrlll:"lIu,1 and ('rj:anol/Cnl, ,allll' wllh I/'een"h
""'1/'"'' Ill, r ()rl/;,n",cllll' ,;111\1\ "Jill ;,hn"'I1l;1I Ica\e' aIle, " nlllnlh, III lullure. (irllwlh I' "unled'.

35 Biochl'JlIicul :\larhrs us u St:ll'clion :\lrlhod

!In impprtanl ~ll;d n:lated til ~ekellOn (If heller or more produclive plants In the
moulltain papaya. fllllllWlll~ micr(lpWpa~atloll. is the possihility to characterize
p;lllern~ III adult plallts related t(l productivity and eventually. to try to identify
thcm. If C\pres~cd. III .IuI'emk sta~es, Sincc C f'lIh('sc('/ls shows ~real nower
,;trI;lhillly and "female type~" (If plants arc most productive. allempts !(1 rccover
pl;llltS h~:hln~in~ t(l this floral form would he desirable, On the other hand.
hinchell1H:aJ markers related t(l the expression of those characters would l'lc very
helpful Biochemical markers have been used hefore in papaya to characterize
S\HTlatlC cmhryos dcrin:d from IOcompatihk hybrids of C. ('(lilli/lara and C. f'af'al'a
(\loon: :.Jnd Litz 1\)};4), It is easy to visualize the importance of these markers for
other Incompatibk cross-pwducts that m:.J)' introduce resistance for papaya
nngspot \lrus (PR \') in C. f'af'aw. Since C. Clllllil/ora. C. srif'lIlaru Badillo. and
C. f'lIhcs('('/1S have been reported as resistant (Jimenez and Horowitz 1l)5~; Horo­
witz and Jim~nez I %7). fusion prC1uucts. IOcludin~ protoplast fusion. if "iable or
\1f~ano~cnJc. can hl' examined in early ~rowthdevelopment stages for their
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ch;lracteristics if p;ltterns of the p;lrent are known. Enzyme activity can aho be an
interesting marker in crosses or selection programs since C. p"hesee/lS shows about
seven times more p;lp;lin enzyme activity than papainases found in C. papaya:
dilTerences also exist in the electrophoretic behavior of proteinases be!ween both
species (Baeza et al. 1988) and other changes in chemic;ll composition ;lre detect­
able within cvs. of C. papara ISelvaraj et al. 1982).

[n order to initiate studies to visualize dilTerences found in IPbnts with special
Iloral forms in the mountain papaya. "female" and "male" pbnts were coUected
from the field. Leaves ;lnd Ilowers of three pbnts l)f each sex form were compared.
~L.1terial was freeze-dried and tested for proteins by SDS-polyacryt;lmide gel
electrophoresis. TLC of amino Jcids. HPLC of phenolic compounds. and isoelec­
trofocusing for phosphatases and peroxidases were performed. Results showed
some electrophoretic hut nonconclusive dilTerences between the bands present in
female Ilowers compared to m;lle Ilowers (Fig.7) as also for amino acids lnot
shown): on the other hand. only small quantitative dilTerenees and no qualilative
dilTerences were observed comparing flower types: the same happened hetween
kaves of both types of plants in the HPLC results. As e:<pected. ekar dilTerenees in
the amount of some phenolics were found between leaves and flowers in each type
of plants IFig. X). Regarding peroxidases and phosphatases. no dilferences were
found ell her. These preliminary results (Jmdan and Tn:uller unpubl.) found fm
mountain papaya must he conlirmed in further work although It is lhlUhtful if
cleareut dilkrem:es wtll appear when comparing Iloral forms in thiS species.

SOKO- I
. 'r:

2JKO-

L ..

II

l ..,

11

1

'_:-:-~'r~'~_~::ji!!~=;::::=:':T~C~A::::20'\ -- -~ ........:..~

6 P~

ll:PO"

7 H ~

12 H rf

B: F ~

13: F if

Fig. 7. SDS-pol~acrylamide gel electrophoresis of proteins of leaves. petioles. and nowers of female and
male plants of C. (·UlIJIJ"'lJrct'n~ls. Only some differences are seen. i.e.. a band present in female l10wers
8' F not seen In male nowcrs IJ: F. F F/O\\ws: /lleavcs: P petioles
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3.6 Transfer to Greenhouse or Field

457 _It

Little work has been done concerning plant performance in the field. Plantlets have
been maintained in the greenhouse without problems. Vitrification or abnormal
variants have not been detected so far. In colder regions. greenhouses with double
polyethylene covers and the use of heating systems permit plant lets to grow
(Acevedo, pers. commun.). Further development must be carried out in milder
coastal climates.

3.7 Commercial Aspecls

Somatic embryogenesis from calli seems to be the quickest. most efficient. and most
economical way to propagate C. pubescens since the whole callus is embrygenic,
and a large number of plants are recovered. Economic estimates have not been
worked out in detail. but. considering that large numbers of plants are available
through short-term culture. as there is no need to subculture. costs may he low if
desired traits can be maintained.

4 Summary and Conclusions

DilTerent micropropagation systems are suitable to regenerate papaya (Jordan
e[ al. 19X3; Litz 19X4; Jordan 19X6, 19X9). Proper conditions must be defined for
mountain papaya and babaco to reach this result. Information available so far

'hblc 4. Morrh0l:eOlc resJ'llO,e, found In thrcc 'IlCCICS of ClJru.1
-------------------------

----_._-----
C. "0"01'<1

IIYrocot~'b

AXillary bUll.
Periearr

Leaves
Pelioles

Anthers
Pith
Pruloplasts

Calla. embryOlds. Plantlels
n.s.
Calli. embryogeOic
IIssue
Calli
ROOIS. calli. embrYOld~
Planllets
Calli lsomallcl. androgenesis
Calli
From lea \'es: fusion
products. microcallu~shoot

Routs, rlantlcts
No response

n.s.
Calla. emhryoids'

Calli
n.s.

Calla. emhrylllds
Calli
n.s.

n.s.
n.s.

n.s.
n.s.
From callus (hypocotyl):
FUSion products.
microcallus. shOOIS

n.s.: not studied in our laboratory.
• De-difTercntialed later.

..
. -

Fig. 8. HPLC phenols (Standard: 6-methoxyflavon). As shown no clear qualitative differences between
phenolacs of nowers and leaves were found. but quantllative discrepancies: in the leaves of both male
and female plants the main peak was RT 19 min. which is 30 times as large as peak RT 37 min and six
times as peak RT 33 min: these three compounds show an equal number in flowers. The molecular
structure of the phenolic compounds could not be dctennined. (Jordan and Treuller, unpubl.)



from the experience gained in our laboratory (Table 4) allows breeding work and
selection incorporating genetic engineering/protoplast fusion, since protoplasts are
a vailable. Chromosome number 2n = 18 in these species may be an advantage to
generate rearrangements during recombination experiments with protoplasts.
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5 Protocol

I. Babaco regenerallon: axillary buds respond to culture in MS 1:2 strength + ascorbic acid. NAA. BA;
0.05 and OJ! mg I respectively. then transfer to NN J/2 strength + addenda. (Cohen and Cooper
19821 and phYlOhormones.

2 Callus·somallc embryo/leneSIS ~mountain papaya": hypocotyl sections on NN medium form large
calli 130 daysl: emhryOlds (70 days). without subculture. Best medIUm NN + NAA and BA I mg1
each. pH 5.5. Whatman No. I paper brid/les. 18-h light 57 JJE.m 2js (Philips lamps TL 40 W 541.
2S C hnlated embryoids I!rol" to plant lets plants on 1:2 strength NN medium 0.5 mg:1 IAA
+ ca~1n hydrolys:lle 200 mg I

Cell suspenslOn-somallC emhry'ogenesls ~mOUnlaln papaya": 30-day calli most suitable. Suspend
I>O·m~ c;JIII ple~"es In 4 ml NN medium + I mg I NAA. al!lIate 120 strokes min. 10 days.ll/lhl as in (2).
2X C Check fM emhryOlds. then plate 2 ml In a!!arose (Sigma A 60131 IInth NN + HA I mg/l only.
K«p 4 days In darkness. then at 100 ~E.'m~., for mlcroc:llh and gr«n emhryoids.

oj I'rntllpb,t IUSIon products· C. rull".I"""., youn/l green Ieale' (OIl /lIve the hl/lhe,t yield Cell, and
prntnpl;J,1 nf C r<lr.I\·U C\ l'aun;J (hi are from hypocoly 1 0111 showln/l Iillk pl~melltallon.

lOll Le;l\'e, ,1I'lniectlon III nun Captan 0.2·••. water nnse. Immersed ethanol hils; transferred N;J
h~ plllldolnrltr 10"" 7 nllll; "';Jshed diS\' sterile water. I'repl;J,'molvs,,' Mannilol 13~ •. 1>11 mill or
'ucr",e 22·· •. 1>0 nlln 11\ ('1'\\ salts (I{elnert and Yeoman I IIX2, DI/le,tlllll. darkness. Cellulu'e
2· •. M:I~"Crnnme H.. III O.S~ •. Manmlol 13 M. MES. 04S~•. CaCI~. mod MS medium. 39h.
.lOC

(hi C. raraw c;JIII protopla,t,: ,tarl ""lIh preplasmolysl' and dillesllon a, In (;1) Protoplasts filtered.
crnlrllu/led ItXI/I Ithree lime, I; passed tnple 62 mesh mlon sieve; Ilo'ashed CI'W + Mannitol.
1'1"te protllplast.' Oil N N mod medium: I I \ oj Iresh NN '30·day.old callus gr<l",·th medium + 0.5
a/laro,e ISI/lm;J A·tlll! 31; Manmtol 13%. keep dark lor 4X h. Add drops usmollcum·lree N N 10

In"'er Manmwl conc. to X~ •. I'uslon: mil drops 01 hoth suspensions plus mlcrodrnp., rEG 20000
ISI/lm;1 1I·22l>.1Ion wnC;lve sltde VlahllJt) check: hromphenol hlue 0.' %.

A,·km,,,lnJl/I·m,·m.l. Th" research Iloas ~urpllrted h)' I1ranls 7511 'In. 0691119 Irom FONDECYT. Chile.
and DIlT liS 'Xl> Iwm the Cathohc UllIversity of Sanllal1o. Parllal support for thIS work was prllvided
hy AID (iranl 513·5<;.j~·(j·SS-9()('7·()OThe: author lhanks G. Montene:llro. A.M. Mujica. C. Munoz.
C H.l>\·eraro. A. (ioreul. F. Valverde. M.L. ROJou. G Cludad. I. CortCi. and S. Te:illle:r for techlllcal
assistance. The: authllr also thanks G Verdul10 and M. Castro of the Cathohc UllIversllY of Valparaiso
for prol'ldln~ plant material.

References

B;Jdill" \'M 119711 ~Il,"ll!!rarla de I;J famiha Canoccae:. Fac Agr Maraca). Venezuela. ~21 rp
B;Je:u G. I'lllOlIlak r. Salas C tl9XSI AlSlaclon de: RNA de CaTlca cu"Jumarcl'"sis. In: Proc 7th Reun

Nacl Blltalllca. Soc Bill) Hlol Chil. Valparaiso
Cohen D. Cooper PA 11911~) Mlcropropa/lallon of babaco. a Carica hybrid from Ecuador. In: Fujiwara

A led I Plant lIssue cullurc 19S2. Maruzcn Co. Tok yo. pr 743- 744
Gamhor/l OL. Miller RA. 0Jima K 11961l} Nutncnt requlremenls of suspension cultures of soybean root

cells. bp Cell res SO: I SI-I SI!
Georlle EF. She:rnn!!lOn I'D (191'41 Plant propallation by tissue culture. Eastern. Reading. 709 pp



• Micropropagalion of Papaya 459

Hermosilla J (1979) Papaina un compuesto organico de valor commercial conlenido en el pafla~·o. In:
Pacheco ~t1led) lsI Symp Sobre cI cuillvo del papa yo. Vniv del Norle. Coquimbo flP 144-146

Hermosilla J I19841 Papaina aCliva en Ctmca candamarcensis. In: Proc 51h Reun Nacl BOlanica. Soc bioi
Chilc. La Sc:rcna

Horowilz S. Jimcnez H (196'7) Cruzamienlos inlerespecificos e inleq~cnicos en Carieaccae y sus
imfllicaclones hlolccnicas. CIA Venezuela. Agron Trop 17:323-343

Jimenez H. Horowllz S (1958) CruzabllJdad entre csflCCles de Carica. CIA Venezuela. Agron Trop
7: 207-~1 5

Jordan M 11986) Somalic embryogenesis from cell suspension cullures in Carica candamarct'nsls.
PCTOC ~:257-261

Jordan M 11989) In-vilro-Regenerallonsvermogcn von drei Caricaceen. Erwerbsobstbau 31 :90-94
Jordan M. "\pablaza G. LIppi P (1978) Oblenclon de planlas de papas libres de virus X e Y por euilivo

de apIces caulJnares in vitro y detecCllln serologlca por la prueba ELISA. Cienc Invesl Agnc
5:~07-~11

Jordan M. l",rtcS I. Montenegro G (19831 Regenerallon of planllets from callus cullures of Carka
ca",Janrarn'n.sI.~. Pia nl SCI Lell 28: J:! I - 3:!6

Jordan M. Cludad G. ROjas M L. Valverde F 119861 Isola lion and fUSion of CaTiea candamarcl'nsls and
Co paparLl protoplasls. Garlenbauwlssenschafl 51: 175-178

Jordan M. Valenzuela M P. Vclozo J. Oyanedd L Goncilez M L. S.inchez P. Monlenegro G. (1991)
Respueslas androgcnrcas en anleras de lucuma f "/lull'"a lucu,",, ' y flapaya (CaT/ca punl'scl'nsl. In:
Segundo Congreso NaclOnal de BlOlecnologia CONICYT. Vitia del Mar

K;lll KN. Conslabel F, Michayluk MR. Gamborg OL (1974) Planl protopiasl fUSIOn and grllwlh of
inlergenenc hybrid cells. Planla 120:215-227

Killer F (1'17'11 ~uevas allernallvas leehnolo!!leas de industrializaei,m de la papaya chIlena. In: Pacheco
MI led) ht Sv'mp Sobre d euilivo del papa yo. VntV del Norte. Coqulmho. pp 132-143

L.lllos M. Ikderra E 119791 Desarrollo hisloraco del culll\'o de Ia papaya ICaTl,'a candamarc,'n.".\) en los
1lllImo; ari,lS en la IV Rell"m. In: Pacheco M Iledl lsI Symfl Sohre eI cuilivo del papayo. Vnrv del
Norte. e,'qulmbo, pp 10-19

Luz RE. e,,"ovcr PA (11)71)) Development of syslems for oblainll1l( flara-ewal CaTl<'a hybrids. Proc Fla
Slale Horllc Sor II:!: 2KI ·:!lD

Lllz RE. e,'nover PA t IIIK{)) Soma lie embryogcnesls 111 cell cullures of CaTlca .vl/pulata. !lortSclence
15:713 ·735

Lill RE (1'1841 Papaya. In: Sharp WR. b"an, DA. Ammlrahl I'V. Y;ll1lada Y leds) llandbook of plan I
cell cullurc. \0' 2: Crop sflCcles. Macmillan. Ne..... York. pp J49,·JflX

1.111 RI' f IIIShll';lflava !CaT/i'll P"P" I'll 1•. 1" In: Baja) YPS led) Ililllechnolo~y 111 a~ncullure and foreslry.
\"ill I. ('n'c' I Spran~er. IIcrhn lIeldelhcr!Z New York, pp :!:!()-23~

~Ioreno R. <';,'l1lel (i. Palma C. (1'17'1) Formas flor;llc, y delcrmlnacl,m del se10 del flapavo
C. p"h,"'I'''V Ie,,,,..,, ,'",,,IIl"llIrn'''.\I.vl. In: P;lcheco M I led) lsi Symp Soore d culllv"o del papayo.
1'111\ del Snrtc. Coqlllmho. pp 20 27

Moorc (iA. LIIl RE 119K41 Ulochcmlcal markers for CaT/m papuru. C muli/lora. and planls from
s(,mallc cmbrHIS of lhelr hv·bnd. JAm S,><; HUrlic SCI 1O'J:213 -218

Mllselb L.lh~aiav R (1985) R'espueslas del papayo ICa","a pun".\..(·"., Lennc el Koch) al cullivo in v·ilro.
SimIenIe 55:63-67

Mutioz M 119/151 Sinlomas de deficiencias nUlricionalcs en planlas de papayo (CaT/ea cundamarcen.,i.'
Huok.). The~ls. Fac Agr Liniv Chile. Sanllago. 55 pp

~Iunol M 119881 Nomenclatura del papJv'o eullivado en Chile. Agr Tcc ~K:39-42

Murashlge T. Skoog F 119621 A revised medIum ror rapId growlh and blu-assays Wilh lobacco lIS5ue
cullures. Phv'slol Planl 15:473-497

Nilsch JP. :"Il~h C (1969) Haploid planls from pollen grains. Science 163:85-87
Reinert J. , coman MM (1982) Planl cell and lissue cullure. Spranger. Berlin Heidelberg New York.

83 pp
Selv'araJ Y. Pal DK. Subramanyam MD.lyer CPA (198:!\ Chan!!es in lhe chemical composllion of four

CUlll\ars of papaya (Curicu papa.ra L.l dunng gro..... lh and development. J Hortic Sci 57: 135-143
Vphof JC Th. f 1968) Dicllonary of economic planls. Verlag von J Cramer. Lehre. 591 pp



22 Tropical and Subtropical Small
Fruits

Miguel Jordan1 & Claudia Bottil
'Facu/tad de Ciencias Bio/6gicas, Pontificia Universidad Cat6/ica de a,i/e,
Santiago, Chile; IFacu/tad de Ciencias Agrarias y Foresta/es, Universidad de a,i/c,
Santiago, Chi/e

. :"., .". • l", '.

Aetinidia Spp.

History and importance

Kiwifruit usu:llly refers to Actinidia de/iciosa; however, the genus is v:ui:lble and
there are a number of distinct taxa. The cultivated species, according to Li:lng &
Ferguson (1984) are A. chinensis Planch. var. chinensis (2n - 58) and A. deliciosa
(A. Chev.yC.F. Liang and A.R. Ferguson var. de/iciosa (2n - 170 or 174). They
belong to the A,,"tinidiaceae (section Leiocarpae), and originated in China, where
they occur in nature in many areas, especially in the forests of the v:lllcy of the
Yang Tse River (Rosenberg, 1981; Ferguson et a/., 1990).

There has been rapid expansion of kiwifruit production in recent years in
several countries (Panorama Economico de la Agricultura, 1985). The largest areas
of production are in New Zealand, with approximately 34% of the total, followed
by Italy, Chile, France, Japan, and the USA (Morales, 1988; CORFO, 1989).

History of genetics and breeding

The most important varieties originated in New Zealand, i.e. 'Abbott', 'Allison',
'Bruno', 'Hayward' and 'Monty'. However, they did not arise from a breeding
programme involving specific crosses. After the species was introduced from China
into New Zealand in 1904, selections were made among seedlings; the best
selections were spread as horticultural varieties (Zuccherelli & Zuccherelli, 1982).

The major cultivars of New Zealand are derived from a single staminate and
two pistillate plants; currently, the most widely grown variety is 'Hayward'
(Rosenberg, 1982; Zuccherelli & ZucchereUi, 1982; Kulczewski, 1985; Ferguson,
1990; Ferguson et a/., 1990). Nevertheless, Kulczewski (1985) points out that this
cultivar is the least precocious and prolific of all existing pistillate selections. There
is little information on the horticultural behaviour of other selections (Rosenberg,

S13 , ;
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1982; Ferguson, 1990; Ferguson et aI., 1990).
The supremecy of 'Hayward' effectively means that the entire kiwifruit

industry is dependenr upon a single genotype, which could render the crop
extremely vulnerable to disease and insect pests (Young, 1985; Revilla & Power,
1988; Brook, 1990), This implies that the application of tissue culture and genetic
manipularion technologies could broaden the genetic base of the species (Revilla
& Power, 1988),

ding mechanisms and limitations

Tht' kiwifruit is dioecious, Pisrillare plants produce non-viable pollen, alrhough the
flowers appear to be perfect (Ferguson, 1990). Staminate flowers have non­
funcrioning st)'les. As a resulr of domesrication, Ferguson (1990) has noted that
rhere is an apparent gradual shift toward hermaphroditism. The flowers are
proo:toly insecr pollinared.

Alrhough the genus contains more rhan 50 species thou have been collecred
from rl'mprrare and subrropic:d regiolls, rhere do nor :tppear ro bl' mJjor bJrriers
rh:ll would limir hybriJizJrion berween species. SuezawJ (19H9) obr:lined

suo.:~'l·ssful crosses berw!:l'n A. arJ.:l/t.1 (211 - 4x), A. ("ml'lIsis (211 - 2x) oll1d A.
.l,'!touS.1 (2/1 - 6.'t').

TIll' prilll;lr) IImlr,ltIoll for hn:t'Jill\-: kiwifruit is rhl' wiJl'spreaJ ;lcn'pr:lI1Cl' of
'1I.lyward' as rhe: eplloml' of rhe: fruir (Ferguson (,t ul., 1990), Alrhough rherl' is

assullll'd ro be J:rear \-:ene:tic Jiversity wirhin the gellus, rhis has Ilot bel'n exploired.
:\c~'onlillg to fer\-:usllll (1990), ir is possible thJr producrioll of 'HJywJrJ' c;m be
furthl'r oprimized by improvill\-: l'ulrura! condirions. Because of this reliance on a
slll\-:k· nllrivJr, pmentiJI pisrillJre anJ staminate parents for a long·teml breeding
progralllme have not been identified, for example, the contribution of the
sr,ltnill;ltc parent rowarJ fruit qualit}, is nor known,

Itic Cell Genetics/Molecular Approaches

ial

Although man}' horticulrural problems or physit·l:>gical disorders have nor been
derecred yet, most producers and fruit specialisrs concur thar breeding should
address disease and pesr problems, plant and fruit traits and posrharvesr disorders.
.\1any of these will probably be solved using rradirional breeding merhods.
However, biotechnology may offer several advantages, including screening,
selection and characrerization at rhe cellular level, embryo rescue of inrerspecific
nosses or for detection and crearing genetic variability (Fraser & Han'cr, 1986b;
Pringle, 1986).

'" alld pest problems

AccorJin\-: to rerguson (1990), rhere is little generic variability among kiwifruir
culrivJrs wirh respecr to disease resistance. The main problems affecring kiwi

I
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plants are Phytophthora spp., whil:h I:ause root rot, bal:terial blossom blight
(Pscudomonas viridiflava), Sclcrotillia rot of flowers, leaves and fruit, postharvest
rots caused by Botrytis cinerca and Botryosphaer11l dothidea and nematodes
(Zuccherelli & Zuccherelli, 1982; Sale 1985). Control of Ph)'tophthora damage
might be possible using cell cultures for studies on pathogen resistance or with
phytotoxin. Sacristan (1986) reviewed stud ies that demonstrated expression at the
cell level for resistance of tobal:co to Ph)'tophtorll pilrasiticil var. lIicotianllc.
However, with potato, selection for toxin resistanl:e was inl:ondusive because
resistance to the toxin was not well correlated with resistance to the pathogen
(Stolle & Schober, 1984). This has led to the use of other ill vitro indicators, i.e.
phytoalexin accumulation and activity (Sacristan, 1986). There are still many
limitations to the use of cell culture systems for the selection of disease-resistant
mutants. Alternative approaches such as exploitation of anther culture, somatil:
hybridization and genetic transformation could be more promising.

The presence of nematodes (Mdoidog)'nc arCnllr1.I, M. hap'.I and M. ;IlL'llllicll)
on the roots of kiwifruit can severely restrict plant growth, especially under
drought stress (Zw.:cherelli & Zuccherelli, 1982; Sale, 1985). Nematode control in
other fruit crops has usually been approached by using appropriate rootstocks. In
kiwifruit, however, propagation is by curtings or by grafting onto seedlings, which
are genetic.:ally extremely variable. Identification of cultivars or the c.:reation of new
genotypes that are resistant to this pest is urgently needed. Insect pests have not
become limiting factors in kiwifruit produc.:tion; however, as plantings continue to

expand, pest c.:ontrol bec.:omes more important. Leafroller c.:aterpillars arc the most
serious pests in New Zealand (Steven, 1990), although sc.:ale inscc.:ts are bec.:oming
inc.:reasingly important in Australia and Italy (ferguson, 1990). As the 'Hayward'
l1lonoc.:ulturc expands in time and space, billtcc.:hnologic.:al strategies for addressing
pest problems may be needed.

lilt .Ind {Tl/it traits

The root system of kiwifruit is very sust:eptible to water stress and is dependent on
aeration (Sale, 1985). Under waterlogged c.:onditions, roots are more susceptible to
infet.-rion by Phytophthora. Plants with stress-tolerant roots are needed for many
potential growing areas. Early fruit maturation is another desirable character
whic.:h would result in optimum pric.:es in international markets. Most producers
agree that single and bigger fruits are a must, and should be considered as a
priority in a breeding programme for the species.

Horticulturally important tr:lits such as root architecture, hermaphroditism,
yield and maturation time at present cannot be approached through selection in
plant cell cultures (Chaleff, 1986). These characteristics should be addressed
through traditional breeding methods. However, biotechnological methods are
now available which may significantly accelerate the primary search for and
selection of valuable genotypes. As an example, high correlation has been found
berween intensity of fluorescence of chlorophyll 'a' and plant resistance to water
stress (Lichtenthaler & Rinderle, 1988). Isozyme and RFLP studies could be useful
for identifying desirable genes and to quantify genetic variability in wild popu­
lations. With regard to the creation of genetic variants, embryo rescue of inter-
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specific crosses, pollen and ovule cultures for haploid production, endosperm
culture for triploid plant regeneration and somatic hybridization should all be
exploited. Moreover, an improvement programme will greatly benefit from
efficient methods of plant regeneration and in vitro conservation of selected
genotypes, allowing an easy interchange of plant material among breeders.

Kiwifruit is very susceprible to ethylene during storage. A high percentage of the
fruit ripens and turns soft during and after cold storage (Sale, 1985). Genetic
rransfonnation of kiwi with either the antisense gene for Ace synthase (van der
Srraeten et aI., 1990) or polygalacturonase (Smith et al., 1988) could be a useful
strategy for retarding fruit ripening.

I .

Advances

Sever;ll in I'itm stuJies h:lve been reponeJ, most of whi(h concern micro·
prop.lg;ltion from ~hl)ot tips or Illeristl'ms (SunJ;lrJ i, 19H I, 1982, 1983;
SI;lnJ;lrJi & L:lt;lbno, 191\4; Wessel~ (,t Ill., 191\4; AnJrc:ani, 19H6; Monette,
191\6;l,h, 19H7; Pi:l~nani ('1.11., 19H6).

Org;lnogellesi~ from ('lI1U~ has been JesaibcJ with V;lril)U~ ohje(tives, e,g,
him'hemi(al :lnJ morphuJ,:C'nk rl'sponses of tisslles in culture, the effect of growth
reJ,:ubrors on J,:eneli( sr;lhilit), of reJ,:l'ner:lteJ pl:lnts. orJ,::llloJ,:cni( potl'nri;ll in long·
rerllll'ultures anJ :IS an alternative for mass propagation (Hirsl'h & Fonune. 1984,
ILJH6; Barralcs C'I Ill., 19!!6; Uv;!. 19H6; Barhieri & Morini, 1987; Monette, 1987;
Revill;l & Power, 19H!!; Comp:lrini. 1989; Botti & COll1p;lrini, 1990; Gonz;ik'z et
,II.• 1990).

OrJ,:;lnoJ,:enesis from (allus JeriveJ from stem seJ,:ments ;lnJ petioles is possible
(I-br.1Ja, 1975; Gui. 1979; HonJ,:, 19H1; Ibrr;lles C't Ill., 19H6; P;lis C'I ,;1.• 1987;
Gonz:ib et al., 1990). although Pais C't al. (1987) mC'ntion that Auge C't al. (1982)
wnsiJereJ pctioles unsuitahle. Har:aJ;l (1975) oot;lineJ an orJ,:;llloJ,:eni( (allus
from root anJ stem segments of m;lle anJ fem;lle plants of 'Hayw;lrJ', using a
llloJlfieJ MS meJium (Murashige &: Skoog. 1962) supplementeJ wirh Jifferent
wncentrations of 2.4-Jil-hlorophenoxyacetic ;lciJ (2,4-1)). inJole-3-accric aciJ
(fAA). u-naphrh;lleneacetic aciJ (NAA). naphthox~'aceticaciJ (NOA) anJ zeatin.
Of a11 growth regulators tC'sted, zeatin (1 mg .1- 1) was most effective for inJucing
shoots. which were capable of Jeveloping roots anJ regenerated into vigorous
plants. The pre'sence of NAA (0.1-1.0 mg' I-I) was most effective for root forma·
tion. The organogenic putcntial of the calli could be maintaineJ for several subcul­
tures, but especially when the meJia containeJ cytokinin or NOA. The imponance
of zeatin has also been emphasizeJ oy BrossarJ-Chriqui &: Tripathi (1981) for
shoot proliferation. Similar sruJies have been reponeJ by Barrales et al. (1986),
Leva (19H6), Leva &: l\1agrini (1986) anJ Barbieri &: Morini (1987).

Gui (1979) uotained a higher number of shoots in callus from female plants
;lIlJ JemonstrateJ that V;1r, hlspida was more prolific than chmensis. Other authors
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(Brossard·Chriqui & Tripathi, 1984) have compared the morphogenetic abiliry of
fertile stamens (male plants) with sterile stamens (female plants). They conduded
that sterile stamens tended to form roots rather than callus and shoots in
comparison with fertile ones.

Hong (1981) was able to include callus and plant regeneration from A.
chinclIsis leaves, but when using A. argtlta leaves under the same conditions, only
one plant could be regenerated. The effect of genotype on organogenesis has also
been reported by Hirsch & Bligny-Forrune (1979). A preliminary study on the
organogenic potentiaJ of in vitro grown kiwi leaves was reported by Abud (1987),
who found that shoot formation was optimum when the cytokinin:auxin ratio was
5:1 (0.5 mg zeatin·l- ' and 0.1 mg NAA·J-'). A recent study by Borti &
Comparini (1990) reports that leaves ul in vitro grown plants subjected for 32 days
to modified MS medium complemented with 1 and 2 mg 6-benzyladenine (BA' J-I
plus 0.1 mg NAA .1- 1

) induced the grea:est amount of shoots. Zeatin (1 and 3
mg .1- 1

) with NAA (0.1 mg '1- 1) were less effective with the highest shoot number
being obtained 53 days after explanting on medium with 3 mg·I- I •

Somatic embryogenesis

There have been a few reports of somatic embryogenesis in kiwifruit, using
expbnts such as leaf, stem and root segments (Harada, 1975; Bini, 1979; Abud
1987; Quintino 1989). All of these studies reported differentiation of embryogenic
cells or early stages of somatic embryos, but no plant regeneration. Har:lda (1975)
and Bini (1979), using stem and root segments from male and female kiwi plants
and the auxins 2,4-D or NAA (0.1-1.0 mg' I-I), were able to induce differenti;l­
tion from callus of globular somatic embryos but failed to regener:lte plants. Abud
(19Hi) :lnd QlIintino (1989) obtained similar results when leaf segments were used
as ex pl:lllts.

f.ndospeml ctlJwre

The cuJture of immature endosperm from kiwifruit seeds has proven to be the only
effective explant source to date for embryoid induction and subsequent plantlet
formation. Gui et aJ. (1982) reported that immature endosperm cultured on MS
medium, supplemented with zeatin (3 mg .1- 1

), formed embryos which then deve'
loped into plants. Likewise, Huang et aJ. (1983) reported the regeneration of
triploid plantlets from endosperm of A. chinensis. Kin et aJ. (1990) described the
regeneration of plants by organogenesis and somatic embryogenesis from Actinidia
interspecific hybrids.

Promising results in organogenesis were also reported by Gui et af. (1982)
when culturing immature endosperm on MS medium supplemented with 3 mg
zeatin '1- 1,0.1 mg NAA .1- 1 and 400 mg casein hydrolysate .1- 1• Numerous adven·
titious buds were induced after 18 days in cuJture, which later developed into
normal shoots.
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'Haploids
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Anther culrures have been tried in kiwifruit with the aim of producing pollen­
derived haploids as a tool for breeding programmes (Brossard-Chriqui & Tripathi,
1984; Fraser & Harvey, 1986a; Quintino, 1989). Embryogenesis and organo­
genesis were achieved from callus tissue of anthers of AClinidia chincllsis Planch.
var. chillensis and AClillidia dcliciosa (A. Chev.) Liang and Ferguson var. dcliciosa
by Brossard-Chriqui & Tripathi (1984) and Fraser & Harvey (1986a), while only
organogenesis was obtained by Quintino (1989). Only Fraser & Harvey (1986a)
were able to regenerate whole plants from anther-derived embryoids, reporting a
genorype effect on the embryogenic potential as male source plants yielded the
largest numbers of embryoids.

PI.·riole segments were used as primary explants for isolating viable proroplasts by
Pais ci al. (1987) wirh very hi~h yields (90% surviv3J). Plant rl.·generarion from
proroplam h3S been reported by !\1ii & Ohashi (1988) and Tsai (1988) using
immarure internode se~mellts of 31."tivcly ~n>win~ shoots ;lnJ !e3VCS as primary
expbnrs, respel."tivcly. Both aurhors WIKlIr rhat dfil."ient planrlet re~ener3tiononly
lKI."lIrred when c311i were transferred onto regl'nerarion medium ;lfrer rwo sub­
I."ulrures on prewnditionin~ medium (Mii & Ohashi, 1988) or using the 'step
indlll."tion method' (Tsai, 1'J88). PI3nt regeneration from proroplasrs of long-tcrm
C;lJllls culrures has also been reported (Oliveira & Pais, 1991 ).

----- ""f
'-',"

MolcCIIlar f.:c"clic markerllral/sfonl/al/(JI/ si/ldies

There have been sl.'veral reports concerning the study of iS07:ymes in the genus
Aeti"idia (Hirs\"h & Bligny-Fortune, 1979; Hirsl."h &: Fortune, 1984, 1986).
!so7.ymes were used in rhese studies principally as biochemical markers for
org:lIlogenesis from callus (Him:h & Bligny-Fortune, 1979; HirsI."h & Fortune,
J9il6), to dinstinguish staminate from pistillate plants (Hirsch & Fortune, 1986)
and to distinguish between differenr cultivars (Daoyu & uwes, 1990). Crowhurst
('I al. (1990) used RFLP poJymorphisms in a phylogenetic study of kiwifruit, A.
lulifuli, A. erial/lha and A. ell/llcllsis. Based on RFLP analysis of nudear and
l:hloroplast DNAs, they (Unduded that the hexaploid A. dcliciosa is mosr probably
derived from the diploid A. chillcllsis; however, they could not determine whether
kiwifruit is :m allopolyploid or an autopolyploid.

Genetically transformed kiwifruit plants were obtained following co-culti­
v;ltion of hypocotyl and stem segments with AgrobaclCri/l771 1/l771cfaciCIIs strain
EHA 10 1 harbouring a binary vector which contained the neomycin phosphotrans­
ferase and the ~-glucuronjdasegenes (Uematsu ci al., 1991). An increased rooting
ability was demonstrated by regenerants derived from explants of transgenic plants
I."ontaining the wi genes from A. rhi:ogcl/cs (Rugini CI al., 1991).
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The Annon;u:eae is an an:haic family of flowering plants of probable New World
origin. Among its many species, sevenl are commercially important (George,
1984): AII/zolla cheril1lol.I fo.lill. (cherimoya); A. diL1ersi(oli.I Saff. (ibma); A. gl.Ibra
(pond apple); A. molltalla Madad. (mountain soursop)j A. nlllricat.I L. (soursop);
A. pllrpllTea Moe. et Sessej A. retiCIIlat.I L. (custard apple); A. sclerodL"TI1I.I Saff.
and A. sqllamosa L. (sugar apple). There is one species from Africa, A. selleg.Ilensis
Pers. (wild custard apple). A hybrid of A. sqllal1lOS.I X A. cherimol.I (atemoya)
originated in Florida. There are two species of the Rollillia genus, R. ddicioS.I SJff.
and R. m/lcosa Baill., which are restricted to hot, humid tropicallowlanJs (Martin
et .II., 1987). The pawpaw (Asimilla triloba Dunal.) is a native of North America.

The fruit of these species is composed of .nany fused carpels with a fleshy
receptade, forming a syncarpium (Schroeder, 1970). Fruit weight CJn reach up to

4000 g in A. mllTic.It.I and bctween 200 and 2000 g for A. cherimol.I and most
other Allllolla species.

The most important species of the genus include A. chcrimul.I, A. I1Il1ric.It.I, A.
sq/l.Imosa and the intcrspecific hybrid atemoya (Ochse et .II., 1961; Purseglovc,
196R). A,I1lUlla cherillloia is grown widely in subtropical regions and in an:as with
a Mcditerr:mean climate. Spain and Portugal have the largcst production of
chcrilllob. Both A. IIIlITiC.ItJ and A. sqllJmosa thrive in tropical lowbnds, and
cannot toleratc frost. Thc atemoya can be grown in the subtropics and in tropic!1
lowlands.

Sevcral biomcdical applications of A1I1/OII.I alkaloids havc bccn discusscd by
Kowalsb & Puctt (1990). Jaramillo (1952), Mcndicta & Del Amo (19H I) and
Simcon et .II. (1990) havc dcscribcd thc antimicrobial activity of stcm bark alka·
loids, the effectivencss of Icavcs in thc trcatmcnt of burns and as an anri-inflamm;!'
rory agent in thc control of scvcral diseases.

Iry of genctics and brecding

,tic diversity

Thcre is great genetic diversity within the genus Allnolla, whil.:h reflccts the
different centres of origin of many of the species. Most of the species, including A.
nl/lricata and A. sqllamosa, are believed to have originated in the hot humid
lowlands of northern South America and Central America, whereas A. chenmola
originated in the tropical Andean highlands (Popenoe, 1970). The chromosome
number for most Annona species is 2n - 2x - 14 or 16 (Bowden, 1948j Thakur &
Singh, 1969J, with the exception of A. glabra, which is tetraploid. Many of the
species are apparently sexually compatible, e.g. the atemoya is a natural hybrid
between A. cherimola and A. sqtlamosa. According to Ochse et al. (1961), A.
squamosa can also be hybridized with A. glabra and A. retictllata. Clift (1977) has
also reported the existence of hybrids between ASlmina triloba and Annona
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longifolia and A. ohm·ata. Thus, there appears to be great potential for genetic
manipulation.

Most species in the Annonaceae are hermaphroditic; however, the flowers are
dichogamous and protogynous, thereby preventing self-pollination (Gardiaz:ibal et

.11., 1985). Fruit set is adversel}' affected by :I high degree of pollen sterility
(George, 1984), the negative influence of environmental conditions on flower
development and b}' the absence of effective pollinators (Nagel et aI., 1989). Fruit
set is usually assured by hand pollination.

..

Limitations of conventional breeding

JItvl'l/ill' period

Among the Annol/a spel:ies, the length of the juvenile period varies, but is usually 5
ve;lrs. Full produwon only begins after H years, The juvenile period in sl:ions is
greatly influenl:ed by seedling nx>tsHKks, and l:an be highly variable.

HClcmgt'1lrll)'

All of the wmmerl:ial varieties of AmlCJlla arc dt'rived from openly pollinated
seeds. Bel:ause of the nature of the breeding system, seedling populations are
extremely heterogeneous. Although this is adv:lntagcous for l:ertain broad
breeding objectives, it is diHil:ult to 'fix' spel:ifil: l:haral:ters in a reasonably short
period of time. Bel:ause disease :lnd insel:t pest problems develop rapidly in mono­
l:ultures in the tropics and subtropics, wnventional breeding prol:edures nrc (Onse­
quently ineffective.

Somatic Cell Genetics/Molecular Approaches

Putential

l'oslhaTl'CSI prohll'ms

Am/cma spp. fruit are highly dimaCleric, and ripen very quil:kly after h3rvesting.
Inabiliry to control ripening and extend the shelf life of these fruit is the most
seri(lus horticultur:tl problem, and severely limits the exploitation of potential
markets in temperate countries. Controlling the ripening process might be possible
by genetically transfonning A I/l/on.J spp. for the polygalal:turonase gene in the
:tntisense configuration. This has been shown to delay ripening in tomato (Smith l't

.II., 19RR; Grierson l't .11., 1989). In addition, ethylene synthesis could be blol:ked
in plants th:tt h:tvt' been transformed for the antisense ACC synthase gene (vall der
Straeten l't oll., 1990). However. the appropriate regulators for l:ontrolling gene
expressioll during fruit ripening should be identified.
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Several biologil:ally al:tive metabolites have been isolated from I:rude seed oils and
orher plant extral:ts from the Allllolla spel:ies (Oa Ponte et .II., 1977; Od Fresno et
.II., 1983; Mariappen & Saxena, 1983). These metabolites have induded alka­
loids, anthraquinones, phenanthrenes and triterpenoid derivatives. Leboeuf ('t al.
(1982a,b) isolated f3-l:arboline alkaloids from A. mOlltdlla whil:h have been shown
to be potem antibiotil:s (Md\enna & Towers, 1981; Wu ct .1., 1987). Insel:til:idal
al:tivity has been found in isolates of A. sql/amosa (Cavin & Rodriguez, 1988;
Mariappen & Saxena, 1983, 1984; Naidu et al., 1953; Saxena et .II., 1984).
Studies to develop effil:ient rewvery of these valuable metabolites frum 1:e11
suspensions may be wonh while for phannal:eutical and insectiddal applil:ations.

old tolerallce

One of the major breeding objel:tives for all of the A,I1IOlla spel:ies would be
greater wid roleranl:e. Many trupil:al species do not thrive in the subtropil:s, and
A. cherimol.1 is aclverscly affel:ted by prulongec.J wol tern peratures, when it is
grown in semi·tropil:al or Mediterranean-type dimates. None of the imponant
spel:ies I:an tolerate temperatures bdow O·C, alrhough there is otherwise wnsider·
able genctil: variability within the genus. Transformation of AII/wlla spp. for the
putative wid roleranl:e gene (Garl:ia et al., 1990) wulc.J be a useful strategy for
addressing this problem.

oid)' mallipl/l.1tioll

MJny of the A,I1IOII.1 spp., but pJnil:ularly A. /IIl/ricatoJ, have numerous brge and
stone·like seeds that h:1Ve diswlIraged their wnsumption as fresh fruit. Seedless­
ness through manipulation of ploidy levels might be a sUl:l:essfuJ strJtcgy for
overwming this problem. NJir et .II. (1986) have described the recovery of triploid
plants from A. squamosa endosperm I:allus. The fidd perfonnanl:e of these plants
has not been desl:ribed; however, this apprual:h should be attempted with other
All/Irma spedes.

Other potentially useful approal:hes for ploidy manipulation could involve the
usc of haploids for the production of diploids. Nair et .II. (1983) regenerated
haploid (n - 7) planrlets from I:ultured anthers of A. squamosa; however, this has
nor been demonstrated with other species.

jvances

'generation (rom somatic tissue

Direl:t shoot organogenesis has been reponed from seedling leaf explams of A.
sql/amosa (Nair et al., 1984) and from h)'pocotyl and seedling petioles of A.
cherimola Uordan, 1988). The optimum media for 5timul3ting morphogenesis
I:onsisted of MS basal fonnulation with 0.5 mg' I-I each of kinetin and BA for A.
sql/amosa (Nair et aI., 1984) and 2.0 mg BA· II for A. cherimala Uordan, 1988).
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Rooting has been sporadic. Regeneration from explants of clonal origin has not
been reported.

Nair et 01. (1983) reported that haploid A. squamosa could be regenerated from
anther callus on Nitsch & Nitsch (1969) medium containing 2.0 mg BA .]-1 and
1.0 mg NAA·I- I

• Regenerated plants had the haploid (n - 7) chromosome
number, and survived transplantation.

Callus has been initiated from endosperm removed from mature A. sqllamosa
seeds on White's medium (White, 1963) supplemented with 0.1 mg kinetin '1- 1,

0.2 mg BA .]-1, 1.0 mg NAA .1-1 and 1.0 mg gibberellic acid (GAIH- 1 by Nair el
01. (1986). After subculturing the callus onto Nitsch medium with 0.5 mg
NAA .\-1 and 2.0 m~ BA .1-1, shoot organogenesis was observed. The regenerants
had a triploid l'hromosome number (In - 21); rooted pl:tntlets were not
recovered.

..~.- ~:JA:
..~.

',1

!lwc!J('1/11Cdl dluJ 11I01t'Clllar l1Iarkrrs

M:m>, of the existin~ Anl/ol/a cultivars have been derived from seedling trees that
did not originate from breedin~ programmes. They have been veget;Hively
propagated and distributed to a rapidly developing industry. Inevitably, there is
much confusion about these cultivars, and many have been inaccurately named.
Ellstrand & Lee (1987) demonstrated that iso7.>'mes could be lIsed to identify 15
A. c"{'rimo/a cultivars and to determine the probable hybrid origin of an atemoya
cultivar 'African Pride'.

So!amml spp.

History and imponance

Solanllm mmicatlllll Alwn. (melon shrub, pepino dulce, kachano) and S. ql/iloCIIse
L1m. (n:uanjilla, lulo, morclle de Quito) originated in the Andean highlands
(Bubsov, 1982). Solalllll1l mmicatll/1/ has been pl3ced in the section Basart"mm
of the Solanaceae, which is considered to be the group most closely related to the
tuberous species (section Petota) (Correll, 1962). Cultivation of the pepino along
coast31 Peru is thoughr to date from prehistoric times (Anderson, 1979). It is no
longer found in the wild. Heiser (1969) and Correll (1962) have proposed that S.
/1/lIncatllm arose from S. caripmse 3nd S. tabal/oellse, respectively. Anderson
(1979) suggested that S. basendopogon might be the ancestr31 species of S.
/1/l/ricalllm. In contrast, S. qllitDellse (section Lasiocarpa) is thought to have been
culri\'3ted only in modem times. perhaps as late 3S 3S the seventeenth or eighteenth
l'entul')' (Patino, (1963). It has never been collected in the wild (Heiser, 1971).
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Both species are grown widely in the highlands of the tropical Americas, and
increasingly in semi-tropical California (USA), Chile and New Zealand. Pollen
abonion under long-day conditions has restricted distribution of S. qllitoense
(National Research Council, 1989).

Both S. 11IIIricatunt and S. qllitoense are considered to be underexploited fruit
crops (National Research Council, 1989); however, the economic potential of the
former is now being developed rapidly. Soiall/lllt qllitoe/lse has been available as
fresh and preserved fruit in Andean South America and in Central America,
although its exploitation has been hindered by serious disease and pest problems
(National Research Council, 1989).

iistory of genetics and breeding

Jreeding mechamsms

SOIa/lll11l mllricatllllt plants are either self-incompatible or self-compatiblc:
(Anderson, 1979). The chromosome number of S. mllricatll11l is 2/1 - 2x - 24,
although St:mdring et al. (1990) have reponed that 'EI Camino' is a tetraploid (2n

- 4x - 118). Solamlln qllitOC1lSC, like all other species in the section Lasiocarpa, is
self-compatible (Whalen ct al.• 1981). The chromosome number of S. qllitoense is
2/1 - 2x - 24 (Heiser, 1971). Flowering begins 3-4 months after germination
with both species.

..imitations of conventional breeding

Hoth S. 11Iuricattlllt :lnd S. qllitoC1lSC appear to be rebtivcly highly inbred !>pecies
that show little genetic variability (Anderson, 1979; Whalen ct al.• 19!11). When
accessions of S. qllitoC'ISC from 13 widely scattered locations in Central and South
AmericJ were analysed for iso7.yme polymorphisms. no difference among the
accessions was observed (Whalen & Caruso, 1983). Whalen et al. (1981) also
observed little morphological variation in S. qllitoense. Although there is great
genetic variability for disease resistance and environmental stress tolerance within
other species of the sections Basarthrum and Lasiocarpa, most of these species are
sexuJlly incompatible with S. muricatum and S. qllitoensc, respectively (Anderson,
1979; Whalen et al., 1981). Low pollen viability, abnormJI chromosome
behaviour after fenilization and a high frequency of panhenocarpy are often the
result of crosses between different cultivars of S. mllricatllm (Grigg et al., 1988).

lomatic Cell Genetics/Molecular Approaches

'otcntial

Solanllm muricatum and S. quitoense are both related fairly closely to species that
have been used as model systems for the study of morphogenesis in vitro and for
the development of in vitro protocols that are now being used for crop improve­
ment, i.e. Datura spp., Lycopersicon spp., Nicotiana spp., Petllnia spp., and other
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Solanum spp. Both S. muricatum and S. quitDense are relatively homogeneous, and
are fairly isolated, genetically, from other Solanum species. Although in vitro
studies with S. muricatum and S. quitDense are in their infancy, there exist
wonderful opportunities to adapt technologies that have been developed for those
model species.

Solanum quitoellse is susceptible to infection by a number of viruses, including
tobacco mosaic virus (TMV) and tobacco necrosis virus Uimenez, 1982); however,
there have been no studies to demonstrate that other \'iruses which commonly
affect solanaceous species might also be implicated. Solanum muricatum is
reportedly resistant to most virus diseases that affect the f3mily (Anderson, 1979).
The root·knot nematode (Mdoidog)'ne spp.) is probably the most serious threat to
the: production of either species. According to Guise () 982), S. quitoCllse produc·
tion must be shifted after continuous cultivation in a field for 3-4 years, due to the
Imild-up of nematode populations. Solanum muricatum is similarly affected.

Because of the: Jack of genetic \'ariabiliry in the two species, the induction or
uncovering of som:ldonal v:lri;mts with enhanced disease and ne:m:ltode re:sist:lnce
!>hould be pursued. A sImilar str3tt"gy h:ls been demonstrate:d to be dfenive for
otht"r Solanu11l spl'cil's, e.g. S. tuhrmsu11l (Shep:lrd c't .;/., ) 9NO) and L)'(()llC'rsicem
t'~(/Ill'/Itu11l (Ev:lIls &. Sharp, )983). Tr:lllsform:ltion of S. quitol'1lsr with thl' CO:lt
protein genC' for TMV (Nelson ('t .II., 1988) could provide important protection
against this dise:ase in S. quitoetlSe.

The recovC'ry of som:tclonal \'ariants with C'nhanced resistance to thC' root·knot
nematode could resolvt" the major production problcm of both species. Burke et al.
(1979) found that regene:ranrs fmm dihaploid tobacco that was heterozygous for
root· knot nematode resistance did not se:gregate in the expected 1: 1 ratio, and
indeed segregated in fa\'()LJr of sUSl:eptibility, On the other hand, Uhrig & Wenzel
() 987) demonstrate:d th3t equivalent or better levels of resistance to the white
potato cyst nem:ttode could be obtained in haploid regenerants from potato anther
cultures. Screening for resistant somaclonal variants might be greatly facilitated if
it could be demonstratC'd that resistance to the root·knot nematode could be: corrC"
lated with a variant allele of acid phosphatase 3S was shown by Rick & Forbes
() 974) with tomato.

The isol:ltion and culture of protoplasts of S. nllmcatum and S. quitoense
should be relatively straightforward, particularly as so many related species have
been regenerated from leaf protoplasts, including S. dulcamara (Chand et aI.,
1990), S. tuheros/lll/ (Shepard & Tonen, ) 977), etc. Recovery of h:Jploid plants
from cultured anthers should also be fe:Jsible, as this has been described for several
Solallum species, including S. mclongena (Raina & lyer, 1973), S. tuherosum
(Dunwell & Sunderland, 1973), etc. Overcoming the interspecific and intergeneric
sexu:J1 incompatibilities th:Jt isolate S. 11Iuricatttm and S. quitoCllse from other
Solallum species could be overcome by somatic hybridiz.ation involving diploid or
haploid protoplasts. This could be particularly useful for extending the geo­
gr:lphical range of cultivation into more tropical and temperate regions.

-"...
,
.~
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Morphogenesis ill vitro has been studied extensively in species within the
Sobnaceae, although there have been only preliminary studies involving S.
muricatlIIn and S. qllitoCIlSC. Regener:ltion of S. qllitol!llse via organogenesis from
leaves of in vitro grown pbnts derived from mature selections has been uescribeu
(Hendrix et al., 1987). Jordan et al. (1990a,b) have investigated the regeneration
potential of many types of expbnted tissues of S. mllricatzll/l, anu have inuil:ateu
that organogenesis can be inuul:ed without difficulty. Recently, Atkinson &
Gardner (1991) obtained transgenic S. mllric3tu/ll pbnts that expresseu GUS,
NPT II and chlorosuffuron genes.
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Conclusion

TIle fruit aop species that have been the subje,,'! of this l:hapter were little known
outsiue their centres of origin only a few years ago. If the rapiu exploitation of
kiwifruit is a persuasive example, there is a substantial nil:he for new anu exotic
subtropical fruits in temperate countries. Prouul:tion of kiwifruit h;ls been
dependent upon a single cultivar 'Hayward', The limiteu genetic base of cultivatcu
S. mllricatllln and S. qllitoense has also been noted. Biotechnology can ilH:rease the
genetic variability of these species through the agenl:y of embryo n:Sl:lIe of wide
interspel:ifil: crosses (I"articubrly involving Actilli.lid srI". anJ SO/dllll/" spr.),
somatic hybriuization. ill pitro selection anu transformation. Because of the high
frequency of pests anu diseases in tropical anu subtropical agroecosystems,
aggressive cultivar improvement progr:tmmes arc essential. Unfortunately, fruit
breeuing generally has a low priority in unuerdeveloped countries, The So/anum
fruit species coulu well be models for the adaptation of many of the new tech­
nologies for pbnt improvement that have been devdopeu with other sobnaceous
species.
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Regeneration of Pouteria lucuma (Sapotaceae) plants In vitro
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Abbreviations: AC - activated charcoal, BA - benzyladenine, GA, - gibberellic aeiLl,
naphthaleneacetic aciLl, PVP - polyvinylpyrrolidone, PVPP - polyvinylpolypyrrolidone,
thiLliazuron

NAA­
TDZ-

The lucuma (Pouteria lueuma [R. et Pav.1
O.Kze) (Munoz 1987), a perennial fruit species
originating from Peru, is cultivated in Peruvian
lowlands. at sea level in Chile and in the south of
Ecuador. Currently, its cropping potcntial is
being evaluated in Hawaii, California anLl New
Zealand (National Research Council 1989).
Commercial exploitation is limited by frost con­
ditions (Lavin 19X9). although it might be grown
in Andean highlands between 1500 to 3000 m
above sea level.

Lucuma is a vigorous, evergreen tree about
6-12 m tall; the fruit is fleshy, green, approx.
4-10 em in diameter, with bright yellow pulp and
a distinctive flavor. It is used fresh or as flour in
drinks, pastry and icc-cream, resembling the
flavour of maple syrup (National Research
Counci I 19X9).

Due to its long juvenile period (I5 years).
propagation by grafting is used to bring plants
into proLluction within 4-5 years (Reyes 1989).
Normally seedling radicles are used for grafting,
followed by IS to 20 months growth in a nursery
prior to marketing (Gardiazabal & Valenzuela
1983). To develop large-scale production of uni­
form rootstocks for grafting, propagation in vitro
of P. lueuma was attempted.

A range of lucuma explants were excised and
cultureLl. viz. shoot tips (6 mm). meristems
(0.5 mm). leaf sections (I cm~) and roots from
10 em high plant lets; shoot tips and leaves from

3-year-old 'Montero' plants; pericarp (1 cm 2
)

from 'Rosalia' fruits; embryos from overripe
fruits. Additionally, epicotyl explants were ex­
cised from embryos cultured in vitro (Pliego­
Alfaro & Murashige 1987), cutting transverse
sections 0.5 to 0.7 mm long.

Explants were incubated for 5 h in a solution
containing antibiotics (Young et al. 1984), fun­
gicides (mancozeb 80lle WP 2.4 g I' I. benomyl
50% WP 0.17gl'l, captan 80% WP 1.5gl- I

),

and ascorbic acid (500 mg 1- I ). Explants were
then rinsed four times in stcrile distilled water,
and left in ascorbic acid 500 mg 1- I until im­
planted in media.

Explants were grown in a range of media:
Nitsch & Nitsch (1969) (N); Murashige & Skoog
(1962) (MS); Anderson (1980) (A); Lloyd &
McCown (19S1) (WPM) and White (1963) (W).
containing a range of growth regulators (zeatin,
BA, kinetin. NAA, GA,. and TDZ). Gclrite
0.3% (Kelco) was the gelling agent. AC 100­
2000 mg I' I, PVP (PVP-360, Sigma) 1-3 g I-I,
PVPP (P-6755. Sigma) 1-3 g 1-1 and/or ascorbic
aciLl 2X-I00 mg I' I. were used to control en­
zymatic browning. Additionally casein hydroly­
sate (500 mg 1- 1 ) with glutamine (200 mg 1'1) for
leaf and pericarp cultures. and adenine sulfate
(40-80 mg I' I) for leaf and epicotyl cultures
were incorporated.

Twenty replicates per treatment were made.
Pyrex tubes (125 x 25 mm) with 13 ml of auto-
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claved nutrient media. each containing one ex­
plant and sealed with 25 em" aluminium foil were
used.

Medium pH was adjusted at 5.7 before
autoclaving at 121°C for 15 min. Cultures were
incubated at 27 + / - 3°C in darkness for 7 days.
then in a l6-h photoperiod (light source 57 IJ.mol
m C s - I from cool-white fluorescent tubes).

Histological preparations were made from
some cultures after fixing in FAA. embedding in
paraffin. sectioning and staining with safranin
and fast-green.

Regeneration responses from the different ex­
plants used arc shown in Table 1.

Direct root formation was obtained from shoot
tips of seedlings grown in WPM with 1.611J.M
NAA+0.44IJ.M BA+O.Ol% AC+2Bmgl- 1

ascorbic acid. Roots grew from the base of the
explants after 45 days in culture. The shoots
elongated and new leaves developed. thus form­
ing new plantlets.

Meristems of 3-year-old and seedling plants of
'Montero' started callus formation after 30 days
culture on MS medium supplemented with NAA

(0.54 to 5.37 IJ.M) and zeatin (0.46-22.81IJ.M).
After 45 days culture, calluses of seedling ex­
plants cultured in zeatin (4.56 IJ.M) and NAA
(0.54 IJ.M) formed roots and 2 weeks later de­
veloped shoots: no organogenesis was observed
from calluses derived from 3-year-old plant
meristems. After 60 days culture, plantlets were
transferred to sterile peat moss, but did not
survive.

After 45 days culture, leaf sections with at­
tached petioles from seedlings formed abundant
calluses in MS medium supplemented with TDZ
(4.54IJ.M) and NAA (5.37IJ.M). Shoots and
roots grew from this callus on the petiole base
(Fig. 1) after 30 days in subculture on MS con­
taining half-concentration macroelements, TDZ
(0.01) IJ.M), zeatin (0.046IJ.M), and GA)
(0.21) IJ.M). In similar treatments with lamina
explants. only callus grew. Direct shoot forma­
tion was observed from epieotyl transverse sec­
tions, after 45 days in A medium with adenine
sulfate 40 mg ,-I.

Complete plant lets regenerated from embryos
cultured on MS medium + AC (100 mg I-I) with-

TaMe I. Morphogenic responses induced in different 1'. lucunlll explants cultured in vitro'.

Explant Response Plant regeneration Culture conditions
potential

Shoot-tips Elongation"" ++
Rooting. plantlets' +++

Meristems Organogenic calluses"", +++
shoots and roOts'

Lcafwith Shoot and root formation Establishment:
petiole Subculture:

+++

Embryo, Adventitious shoots +++

Epicotyls Direct de novo shoot-formation (no roots)' + +

Leaf Callus formation. without organogenesis" +

MS + GA, (2.89)
WPM + NAA (1.61) + SA (0.44) + AC (100)

MS + zeatin (4.54) + NAA (0.54) +
PVP(3000)

MS + TDZ (4.54) + NAA (5.37) + PVPP (2000)
! MS + TDZ (0.09) + zeatin (O.ll4li) +
GA, (0.29) + PVPP (3000)

MS + AC(IOO) + PVP(IOOO)

A + adenine sulfate (40) + PVPP (3000)

N + kinetin (23.20) or SA (22.20) +
NAA (0.054) + GA, (2.1'9) + PVPP (1000)

Pericarp Callus formation (later necrosis) + MS + TDZ (4.54 - 0.45) + NAA (0.54) + PVPP (2000)

Root Callus formation. without organogenesis' + W -;- zeatin (4.56) + NAA (0.54) + TDZ (0.09)

.. Twenty replicates per treatment. Numbers in parentheses show concentration (~M) for growth regulators and (mg 1- ') for AC.
rvp. PVPP and adenine sulfate.
"Svmbols + + +: direct or indirect regeneration. + +: scarce morphogenic potential. +: callus only.
o Juvenile explant.
d 3-year-old plant.
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Fi~. 1. Close-up and longitudinal section of callus derived
from a petiole explant forming shoot and rOOI. estahlished in
MS. with TDZ 4.54 j.LM and NAA 5.37 f.LM. after subculture
in half-strength MS. with TDZ IUl9 j.LM. zeatin (J.046 j.LM and
GA, 0.29 j.LM. Section shows main shoot and axillary bud.
hoth formed de novo.

out growth regulators. The formation of multiple
adventitious shoots derived from the embryo axis
was observed after 90 days in culture.

Plantlets derived from culture in vitro were
potted in a mixture of peat moss and vermiculite
I : J. and grown in the greenhouse for one year.

Explant browning was the mOst common cul­
turing problem. varying with explant type, anti­
oxidants used, and the season in which culture
was started. Soluble PVP was most effective for
small expJants (less than 5 mm) and PVPP was
more effective for larger explants. Browning in
pericarp explants could not be controlled. and
the medium gel liquefied.

Preliminary results shown here indicate that
shoot tips from juvenile plants are the most
efficient material for propagation in vitro; no
regeneration resulted from adult plant explants.
Techniques to optimize transfer to greenhouse
conditions must be developed. because a high
mortality rate was evident.
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Promotion of Annona cherimola in vitro Shoot Morphogenesis as
Influenced by Antioxidants

Forderung der In vltro-$proBentwlcklung bel Annona cherlmola durch Antloxldantlen

M. Jordan, Liliana Iturriaga, C. Roveraro and A. Goreux
(Departamento de Ecologia, Facultad de Ciencias Biol6gicas, Pontificia Universidad Cat6lica de Chile, Santiago)
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Explants were disinfected in Captan plus Benlate, both
0,2 %, stirring gently during 15 min to avoid browning,
cut under a sterile antioxidant solution (ascorbic acid
400 mg/l), placed for 5 min in 3 % sodium hypochlorite,
and immersed in the same antioxidant solution while
awaiting culture.

All treatments for nodes and internodes were carried
out using Nitsch basal medium with 3 % sucrose (except
the treatment with sorbitol) and supplemented with
NAA 0.5 mg/l and BA 2.0 mg/l).

For embryo culture, seeds were submerged for 20 min
in Captan 0.2 %. Embryos with cotyledons, about 3 to
6 mm long were removed under the binocular, disin­
fected in sodium hypochlorite for 4 sec and rinsed in
distilled water. They were cultured in combinations of
naphtalene-acetic acid (NAA) or 2,4-dichlorphenoxy­
acetic acid (2,4-0) and benzyladenine (BA) or zeatin
(Z).

Culture was done in tubes (13 cm x 2.5 cm) containing
13 ml autoclaved nutrient solution according to NITSCH
and NmCH (1969), including 3 % sucrose or sorbitol,
several hormone and antioxidant combinations: amino
oxyacetic acid; glutathione (reduced); casein acid hydro­
lysate; polyvinyl-pyrrolidone (PVP-360 and PVP-6755);
all Sigma products, and DIECA (Merck-6689). Explants
were placed either on Whatman No. 1 paper bridges,
agarose 0.5 % or Gelrite 0.3 %. Cultures remained in
darkness during three to seven days and were then trans­
ferred to an 18 hours dim light regime of 57 !olE m seg. at
25 °C ± 1 0c. Twenty explants were used in each treat­
ment.

Phenol content was determined according to SWAIN
and HILLIS (1959), using the Folin-Ciocalteau reagent
instead of the Folin-Denis reagent. Total phenolics in
explants are expressed as percentage/fresh weight (ab­
sorption measured at 730 nm), estimated after standard­
isation with catechin (Roth Nr. 8822) since thin layer
chromatography revealed presence of catechin, epicate­
chin, biflavanes, besides other flavonoids in tissue. For
measurement, 25 mg of fresh or cultured internode tis­
sue, and 1 ml of used nutrient solution were employed.
Two absorbance determinations were made for each
probe.

Introduction

Annona chen'mola (Annonaceae) is a fruit species of
Andean origin. which is now becoming economically
important in several subtropical regions (NATIONAL
RESEARCH COUNCIL 1989). There are several cultivars
and a series of ecotypes not well classified yet. Selection,
improvement, and massive multiplication of elite plants
are needed to increase plantation areas under different
microclimatic conditions (REGINATO and LJZANA 1980,
BERGER and PERALTA 1985).

Up to now, proragation of cherimoya has been suc­
cessful by means 0 grafting or budding material derived
from seeds, but seedlings are not recommended due to
strong variability (GEORGE and NISSEN 1987). Although
viability is enhanced by hand pollination in commercial
orchards, seed germination is still low - however, it can
be slightly increased by the use of phytohormones
(SAINTE-MARIE 1987, VARGAS DE LA FUENTE 1986). As
in other woody species, presence of phenolics and high
polyphenoloxidase activity has been reported in cheri­
moya fruit (MARTINEZ-CAYUELA et al. 1988). which is
described as highly climateric, browning very quickly after
picking due to enzyme activity. Browning also affects
vegetative propagation very strongly, limiting rooting of
cuttings and morphogenic responses in tissue culture.
The regeneration potential, as shoot formation and rhizo­
genesis in hypocotyl and petiole explants of this species,
was reported in previous work UORDAN 1987, 1988).

Here morphogenic responses are described as found in
different explants of 3 year old trees, including nodal
sections, internodes, embryos, and calli. The effects of
several antioxidants, compounds benefiting explant
growth, as well as phenolic levels in tissues and media
during in vitro culture are also examined.

Materials and Methods

Shoots of the last growth season, from 3 year old plants,
cv. Concha Lisa, grown in the greenhouse were kept in
the dark for 15 days prior to culture. Partially etiolated
twigs down to 10 cm below the apex of each shoot were
excised. Nodal explants with a single bud, as well as inter­
nodes, were cut from these sections.



Table 1. Effect of substrates and phytohonnones on morpho­
grnic responses and browning of Cherimoya nodal sections after
30 days in culture
Ein/lllfJ ~on Niihrmedien lind Phytohormonen 4uf Morphoge­
nese lind Verbraunllng ~on Nodienugmenttn ~on Chmmoy4
ntJch 30 KlIlturugen

Phytohonnones (mg/I) % Explants

With With With
Substrate IBA NAA BA GA3 Sprouts Shoots Callus Brown

Agarose 0.0 0.1 1.0 0.0 50 40 40 40
Agarose 0.0 5.0 0.1 0.0 50 20 50 50
Agarose 0.0 0.3 0.1 0.01 50 0 40 30
Gelrite + 5.0 0.1 0.0 0.0 100 o~ 63 8
CH+PVP....

~ Adventitious shoots appeared after 60 days in culture.
H Casein hydrolysate 200 mg/I, PVP (P-6755) 1000 mgt!.

Initiation of meristematic centers and new buds was
investigated by means of histology, sectioning explants
included in Paraplast to a thickness of 12 !J.m and staining
with safraninlfast green.
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Re8ult8 and DIscu8810n

Nodal explants

In the experiments with single or multiple nodes two
kinds of responses were observed. First, the seasonal
buds, which are hidden in cherimoya, always resumed
growth sprouting and forming leaflets in presence of
NAA and BA (fable 1). Later, de novo shoots were
formed and appreared at the basal end of each explant.
They were easily identified by their whitish colour and
hairy aspect due to the presence of septate trichomes.
Shoots emerged simultaneously allover the surface of the
nodal segment. Media including GA3 inhibited de novo
shoot initiation, so this phytohormone was subsequently
omitted. In several phytohormone levels tested, nodal
sections always showed a tendency to form new shoot or
favour sprouting of the preexisting node bud. Cherimoya
nodes assayed on high NAA or IBA levels did not form
roots but did give rise to new shoots, as rosenes appearing
at the base of the explants, while leaflets from the upper
axillary buds fell.

New shoots and calli were still formed after 30 days in
conditions normally leading to rhizogenesis. In treat­
ments with Geirite including PVP and casein hydrolysate

rable2. Morphogenic responses and phenol content of internode explants, after 40 days in culture on media supplemented with dif·
'erent addenda and antioxidant compounds"
!Jorphogenese und Phenolgehalt von Internodienexplantattn aufunttTschiedlichen Na"hrmedien ntJch 40 Kulturtagen

Antioxidants/addenda Phenol % Shoots Average % Calli + % Green
(mg/I) Treatment shoots/ outgrowth tissue

Expl. Med. explant
%F.W. %

)ucrose 3000Ctrl. 0.17 0.75 0 0.0
>orbitol 3000 0.20 0.02 29 4.2
:H. 200 0.28 0.90 18 0.2
:H. 500 0.24 1.10 14 1.4
=H2oo+PVP~ 100 0.25 0.50 28 19.2
'::H200+PVP' 1000 0.17 1.85 67 5.8
:H 200 + DIECA 100 0.25 0.50 14 1.7
:H 500 + DIECA 100 0.18 1.30 6 1.0
)IECA 10 0.11 0.75 0 0.0

50 0.14 0.90 0 0.0
100 0.16 0.75 14 0.7

)VPI}t,l 500 0.08 1.65 33 9.0
1000 0.08 n.m 67 1.5

)VP~ 500 0.12 n.m 43 2.8
1000 0.12 3.25 50 1.3

:itric acid 10 0.21 0 50 21
50 0.23 0 29 21

100 0.24 0 0 0
I.scorb. acid 10 0.11 0 33 33

50 0.12 41 46 76
100 0.07 2 70 15

\mmooxy. ac. 10 0.24 14 45 4
50 0.19 10 57 0

100 0.23 0 50 4
;]utathione 100 0.27 39 56 22

200 0.24 30 80 45
300 0.25 33 67 27

:ysteine 100 0.25 0 80 20
500 0.24 0 81 0

PVP-360, .... PVP-6755
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browning of nodal explants was strongly reduced, and
formation of calli at the distal end was observed after
30 days. Responses after 60 days showed shoots which
initiated again from calli.

Table 3. Effect of different phytohormone concentrations and
culture substrates on shoot formation of zygotic embryos after
40 days in culture
Wirkungen von Phytohormonen und Niihrmedien aufdie Sprofi­
biJdung IZn zygotischen Embryonen n/Zch 40 KulturtlZgen

ed. Growth on Whatman paper-bridges or Agarose was
similar.

Culturing detached embryos in 2,4-D 0,1 mg/I with
BA 1 mg/I or zeatin 1 mg/I promoted callus formation;
multiple green shoots arose later when these calli were
subcultured in IAA 0,05 mg/I with casein hydrolysate
200 mg/l, and omitting2,4-D. Calli from embryos grown
on ~AA combined with zeatin or BA were not morpho­
gemc.

Despite Annona cherimola browning metabolism, dif­
ferent explants, including nodes, internodes, and em­
bryos form organogenic calli and direct de novo shoots
within appropiate phytohormone levels. This morpho­
genic potential appears to be similar to that informed for
Annona squamosa (NAIR et al. 1983, 1986), although it
seems that in this species the browning problem found in
cherimoya explants is not a limitation. In A. cherimola
the addition of antioxidants appears necessary to trigger
direct shoot initiation in 3-year old tree explants. Shoots
arise from the nodal and internodal sections and, as in the
case of hypocotyls GORDAN 1988), they form simulta­
neously showing a tendency to polar gradients, being
more abundant and/or appearing earlier at the distal ends
of explants.

In woody nodal or internodal explants, browning is
the major problem affecting morphogenesis. Although
shoots do form in browning tissue, appearing during the
first days in culture, the presence of several antioxidants
enhanced morphogenesis while tissue remained green. A
similar effect is achieved bv nurse co-culture of cheri­
moya with non-browning' explants of other species
GORDAN et al. 1990).

The examination of several antioxidants including
DIECA and PVP combined with CH in culture, showed
a promoting or synergic effect. avoiding browning and
simultaneously favouring shoot formation. The addition
of CH and PVP in presence of phytohormones was the
best combination to maximize the number of shoots
per internode explant. Alternatively, sorbitol replacing
sucrose, allowed shoot initiation, while Gelrite in com­
bination with PVP and casein hyrolysate also proved
to be an adequate substrate reducing browning in this
species. The use of higher amounts of IBA or NAA
turned tissue brown, de novo shoots did not form and
the growth of pre-existing axillary buds in nodes was
inhibited.

Internode sections

When exploring organogenesis in 3 year-old tree inter­
nodes, a series of hormonal combinations were successful
in promoting shoot formation. However, the best hor­
mone levels (NAA 0.5, BA 2.0 mg/I, JORDAN 1988) pro­
moting shoot formation in hypocotyls were not effective
for internodes; only calli were formed in those condi­
tions. On the other hand, when antioxidants were added,
regeneration of new shoots followed within 40 days of
culture. As in nodal explants shoots were easily identified
by their characteristic aspect. Meristematic centers were
easily detected at an earlier stage showing dense zones
surrounded by stach-rich parenchymatic cells. The effect
of the incorporation of different antioxidants in the
media on browning and levels of phenolics in tissue and
nutrient media vs. growth responses is shown in Table 2.

Results indicate that despite the addition of NAA 0.5,
BA 2.0 mg/I, no shoots were formed when antioxidants
were omitted in controls with sucrose, although replacing
sucrose by sorbitol stimulated shoot formation in inter­
nodes to :30 % approx. giving an average of 4.2 shoots per
explant. A greater stimulating effect was performed
by casein hydrolysate and both types of PVP, a strong
organogenic response was observed as shoot percentage
and/or average number of shoots/explant in all cases.
Finally, the best combinations were CH plus PVP, giving
the highest percentage of shoots per treatment, or average
shoots per explant.

Other antioxidants which favoured shoot organo­
genesis were ascorbic acid (50 mgll), glutathione (all con­
centrations) and aminooxyacetic acid. Some of these
compounds helped to keep tissues green during the first
40 days in culture.

The amount of total phenols found in fresh explants
from the greenhouse (0.28%, not shown) was always
higher than that measured in vitro. As expected, PVP and
other antioxidants lowered the phenol content in ex­
plants. Glutathione (100-300 mg/l) promoted shoot for­
mation although phenolic levels in tissue were kept high,
comparable to the in vivo content. Although phenols can
be highly concentrated in nutrient media leaching from
explants, shoot morphogenesis is not affected in presence
of PVP alone or in combination with casein h,·drolvsate.
On the other hand, all concentrations of 'citric' acid,
cysteine and DIECA were inhibitory.

Zygotic embryos

Multiple ad"entitious shoots formed directly on whole
embryos excised from seeds, and were distributed reg­
ularl~' along the main axis down to the base, without calli,
within 3-4 weeks. This effect was obtained growing em­
bryos in combinations of NAA or 2,4-D together with
BA or zeatin, as shown in Table 3.

The best treatment for direct shoot induction in zy­
gotic embryos is 2,4-D as auxin and BA and zeatin 'as
cytokinins. Although shoots were induced with both
treatments, those initiated with zeatin were better devel­
oped and greener than those obtained with BA, deficient
in pigmentation. Basal calli formation was also observ-

Phytohormones (mg/l)

Substrate 2,4 D NAA BA

Whatman 0.0 0.0 0.0
0.0 1.0 1.0
0.0 1.0 0.0
0.1 0.0 1.0
0.1 0.0 0.0

Agarose 0.0 0.02 1.0
0.0 0.02 0.0
0.0 0.02 1.3
0.0 0.02 0.0

% Explants

With With
Z Shoots Callus Browning

0.0 0.0 7.7 30.3
0.0 0.0 100.0 0.0
1.0 0.0 50.0 0.0
0.0 30.8 46.1 30.8
1.0 20.0 20.0 0.0
0.0 0.0 0.0 0.0
1.0 12.5 25.0 12';
0.0 0.0 0.0 0.0
1.3 0.0 100.0 0.0

GanC'nb.1uwlnensch.1ft S/91



Assuming that shoots can be formed easily in all kinds
of explants and that roots are quite difficult to regenerate
as reported earlier for hypocotyl sections OORDAN 1988),
a strategy for the multiplication of selected cherimoya
clones [easily recognized by isozymes (ELLSTRAND and
LEE 1987)] by micrografting de novo buds formed in
vitro on rootstocks derived from seedlings should be
assessed. This could prove useful, since conventional
budding and grafting techniques seem to be successful in
cherimoya (GEORGE and NISSEN 1987).

The authors want to thank the PSTC Grant No. 513-5542-G-SS­
9067-00 from the U.S. AID Program of the State Department's
OffIce of the Science Advisor and the Nat. Sci Commission/
Fondecvt Grant Nr. 0069/89. Technical assistance of Miss S.
Mirand~. Mrs. M. L. Gon:u.Jes and Mr. L. Gonzales is also
ac knowledged .

Summary

Nodal sections, internodes, and zygotic embryos of An­
nona cherimola 'Concha Lisa' were cultivated in vitro in
several phytohormone combinations to trigger morpho­
genesis. De novo multiple shoot formation was the most
common response. Various antioxidant compounds,
especially PVP, ascorbic acid, and glutathione enhanced
thIS effect and reduced browning, while DIECA and
aminooxvacetic acid were less effective in the concen­
trations tested. Citric acid and cysteine were not bene­
ficial. Combinations of PVP with casein hydrolysate
in presence of NAA 0.5 mg/l plus BA 2.0 mg/] were the
best blenQs to promote shoot formation and yielded the
highest number of shoots per explant.

Zusammenfassung

Nodalabschnitte, Internodien und zvgotische Embryo­
nen von Annona cherimola 'Choncha Lisa' wurden in
vitro mit verschiedenen Phytohormonkonzentrationen
zur Induktion von Morphogenese kultiviert. Die Spr06­
bildung wurde durch PVP, Ascorbinsaure und Glu­
tathion gefordert, Zitronensaure und Cystein wirkten
nicht optimierend. Die Kombination PVP und Casein­
hydrosylat ergab zusammen mit NES (0,5 mg/I) und BA
(2,0 mg/l) die hochste Spro/husbeute je Explantat.
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RESPUESTAS MORFOGENICAS IN VITRO EN CO·CULTIVOS FRUTALES

INDUCCION DE RESPUESTAS MORFOGENICAS IN VITRO
MEDIANTE CO-CULTIVO DE DIFERENTES ESPECIES FRUTALES.

MORPHOGENIC RESPONSES AFFECTED BY INTERSPECIFIC IN VITRO
CO-CULTURES OF FRUIT SPECIES.

MIGUEL JORDAN'. P. ARCE2
• A. GUTIERREZ2

• C. ROVERARO'.

Summary

MorpllO~ellic responses wert.' eWlll/ated in se\'('ral herbaceous alld 1V0ody species of ecollomic
importanCl'. sholl'illK hiKh and 101V regeneration potential, by mealls of in vitro co-cl/lfllre of
e:cplants.

Some pairings showed interestillK morphogenic responses: shoots, multiple shoots and roots
(babam-peur apple; lticumo-pear apple) and inhibition of oxydation processes (kiwi-cherimola).

Responses show that the in-vitro pairing ofthe culture ofone species with tissues of(IIIother COl/lei
fa\'Or morphogenic responses which would not be due 10 the presence ofIlOrmones ollly, this e\'en ill
species of low in vitro reKeneration potential (babaco).

13

INTRODUCCI6N

Diversas especies frutales requieren ser multi­
olicadas en forma masiva para cubrir la actual
Jemanda del sector productivo. Sistemas de
'Jropagaci6n vegetativa pueden satisfacer esta
.1ecesidad. siendo la micropropagaci6n in \'itro
Jna herramienta de gran utiJidad. Actualmen­
e. se han obtenido mediante esta metodologia
.!O.OOO pliintulas de arandano al cabo de 9
:neses de cultivo (Arce. resultados no publi­
;ados).

Sistemas convencionales de inducci6n de
~espuestasmorfogenicas pueden ser mejoradas
manipulando in \'itro niveles y concentraciones
Je fitohormonas. Sin embargo. en muchas es­
oecies lenosas. problemas de estacionalidad.

'LAboratorio dt Bottinica. Facultad dt Citncias BioloRicas.
". Unn·trsidad Catolica dt Chilt. Casliia //4-0. San/laRo.

~LAboralOrlO dt MtCTopropaRucion VtRttal. Fucultad dt
'Rronomia r FQl'lIlllJd dt Citnctas BioloRICUS. P. Uni,·trsidad
Caui/iea dt Chilt. Casll/a 114-0. Sunllaflo

Publ"'ae,,;n tJprobuda par tl Comitr Edirnr dt la Foeultad
It ARronomia dt ItJ Ponllficta Uni,·trsidad CtJtoliea dt Chilt
'on tl N" -I~iIi9. Ffchu dt rtctpeiim 29 dt dicttmbrt dt 1989.

presencia de compuestos fen61icos y. mayor­
mente. la expresi6n de un metabolismo oxida­
tivo in \'h'o e in \'itro limitan dicho potencial
regenerativo. No obstante dichas limitaciones.
hemos observado en nuestro laboratorio que
mediante eJ cultivo simultaneo de expJantes de
dos especies distintas (co-cultivol. uno con
alto potencial regenerativo y otro mas recalci­
trante. es posible condicionar en el segundo
respuestas morfogenicas conducentes a una re­
generaci6n (Jordan et al .• 1989. cnviadol.

En este trabajo se presentan resultados preli­
minares de respuestas morfogenicas de explan­
tes de diferentes 6rganos de algunas especies
herbaceas y lenosas sometidos a co-cultivos
interespecfficos bajo condiciones in \'itro.

MATERIALES Y METODOS

Se uti Iizaron ocho especies de importancia
econ6mica para Chile. cuatro de alto potencial
regenerativo: Solanum tuberosum (papal: So­
lanum muricarum (pepino de fruta): Actinidia
deliciosa (kiwi); Nicotiana tabacllm (tabacol y
cuatro de diffcil propagaci6n: Carica pentago-
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na (babaco): Poutcria oho\'ata (Iucumo); Cari­
ca pubescens (papaya) y Annona cherimo/a
(chiromoyo). Los explantes fueron mantenidos
en condiciones de crecimiento en co-cultivo en
medio Murashige & Skoog (MS) 1962 con la
adicion de sacarosa 3% y Gelrite (Kelco)
0.17% y las fitohonnonas acido naftalenaceti­
co (ANAl: benciJadenina (BA): isopentilade­
nina ((PAl: acido giberelico (GA.,) en distintas
combinaciones. ajustando el pH del media a
5.7. Los medios fueron esterilizados en auto­
clave a 12J"C por 15 minutos. ProtocoJos de
cultivo y regeneracion para Caricaceas estan
descritos en Jordan. 1989.

Se utilizaron como explantcs: apices. entre-

nudas. yemas axilares y secciones de lamind
foliar. los que fueron superficiaJmente eSlerili­
zados can hipoclarito de sodio comercial en un
rango de 31( para papa. pepino y tabaco y 6C;:'
para babaco. kiwi. lucumo. papayo y chiri­
moyo. lavandose repetidas veces con agua des­
tilada esteril. Los explantes fueron cultivado~

en tubos de vidrio de 12 x 1.8 cm bajo condj­
ciones asepticas. manteniendose en dmaras de
crecimiento a 25"C can un fotoperfodo de 12 hr
a una intensidad lumfnica de aproximadamente
57 ~E m2s-I. Las respuestas fueron evaluadas
al cabo de 40 dfas de cultivo. Se realizaron
detenninaciones de fenoJes totales contenido~

en los expJantes mediante el metoda descrilo

CUADRO I
INTERACC10NES DE CREC1MIENTO Y DESARROLLO EN CO·CULTIVOS

DE DIFERENTES ESPECIES IN VITRO

Grull'lh rnptJnst's by mt'tJfls (If in \'ilrtl e(l-ell/lllrt' of t'.I'p/WI/.I

Especles Explanlc ANA BA GA, Rcsuhallll\ Ohserv;u':llIncs
cuillvadn

Spt'cit's Exp/tlnl Hormone'.\' R".W/I.I H"/III/r/.:.\
(mgJl)

Pepino Aplce
0.10.1 DB IR En hahaclI fllrrnacll\n lie ealill con

Babaco Apice IR rail

Pepino Apice 0,20.2 DB IR PeplIlo sc forma callo en la hasc
Babaeo Apice n..h.lCo se lorna cafl!: san res·

PUCSI;l

Pepino Apice 1.0 1.0 DB IR Bahael! formacion lie call"
Babaco Apice

Pepano Apice
U.U U,5

DB IR Lueumo lIe~rrnlla hrnte.. mu It 1-

Lucumo Vema aXllar DB pies

Kiwi Enlrenudo 0.10.10.01 DB En chirimoyo formacil\n de calill
Chirimoyo Enlrenudo sin oxidacion

Pepano Aplce 0.10.1 DB IR Chirimoyo se observa oXldacilin
Chirimoyo Apice DB

Kiwi Apice
1.0 1.0

Formacion de callo en ambas es-
Babaco Entrcnudo pecies

Kiwi Entrenudo
0.10.1

DR Tabaco formaeion de callo
Tabaco Vema axilar

Pepino Apice 0.10.1 DB IR En kiwi abundante callo en la
Kiwi Entrenudo base

Pepino Apice 0.10.1 DB IR No hay crccimiento
Tabaco Entrenudo DB

Tabaco Entrenudo 0.30.1 0.01 I Se inhiben mutuamente en
Papa Entrenudo Subcuhivo I el crecimlenlO y elongacion

s./hormona de brOies

DB: Desarrollo de brole: shoot drl'~lopm~nI

IR: Inducclon de nlices: rool iruiuetron
I Inhibicion: inhibition
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por Swain & Hills (1959) con el reactivo de
Folin-Ciocalteus. midiendo absorbancia a 730

"nm.

RESULTADOS Y DISCUSI6N

Los resultados de diversas combinaciones de
cultivos interespecificos se muestran en el
Cuadro I. En este se observan respuestas de
inducci6n de rakes y desarrollo de apices. bro­
tes en yema y hoja: condicionamiento antioxi­
dativo y respuestas morfogenicas diferenciaJes

de los explantes en diferentes niveles horroo­
nales.

En la combinaci6n de babaco con pepino se
indujo en el primero la formaci6n de rakes con
dosis de 0.1 mgtl de ANA y BA. respectiva­
mente. Esta rizogenesis no se observ6 con las
mismas dosis hormonales cuando el expJante
se cultiv6 aisladamente como control 0 cuan­
do. en condiciones de co-cultivo. fueron modi­
ficadas las concentraciones hormonales.

Baja co-cult iva de pepino y lucumo en do­
sis hormonales de 0.5 mgtl de BA (Figura !c)
se indujo la formaci6n de brotes y rakes en

FIGURA I
CULTIVOS DUALES DE PAPATABACO (al. UJCUMO'PEPINO (e). KIWIICHIRIMOYO (dl

Y ORGANOGENESIS DIRECTA DE BROTES A PARTIR DE SECCIONES DE LAMINA FOLIAR
EN BABACO (b). EXPLICACIONES EN EL TEXTO

011111 ("lIlrures or POlcl/uITvhuc('() fal: LucumntPt'C/r IIppl/' Ic), Kiwi rmiriCherimola fdl and dirnr

shOOl-OrxanOf(ene.I'I,1 from leul seuion,l In lJahllm (hi. Ex,,/ana(IIJn in text,
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pepino y se manifesto la imluccion de brotes
multiples en lucumo. Cultivos individuales de
yemas de lucumo en las mismas condiciones
condujeron solo a la e1angacion de la yema. sin
farmacion de brotes multiples. En pepino. en
cambio. se evidencio una mayor proliferacion
de brates y raices comparada can el ca-cultivo
con !ucumo. Trabajos preliminares en explan­
tes de pepino habian mostrado respuestas se­
mejantes (Jordan et al .. 1989. enviado).

Otra serie de co-cultivos pennitieron reducir
el efecto oxidativo de algunas especies lenosas
bajo condiciones in vitro. Asi. mientras kiwi
muestra un alto potencial regenerativo a corto
plaza y sin oxidacion. cuyas respuestas mor­
fogenicas habian sido infonnadas antes (Jor­
dan et al., 1986); en chirimoyo. se observan
respuestas morfogenicas con gran emparde­
cimiento tisular (Jordan. 1988). Bajo condi­
ciones de cultivos interespecificos. entrenu­
dos de kiwi en presencia de dosis honnonales
0.1 mg/I. 0.1 mg/I y 0.01 mg/I de ANA; BA;
GA,. respectivamente. inhibe la oxidacion an­
tenonnente manifestada en explantes de chiri­
moyo (Figura Id). En kiwi se desarrollaron
brotes y callo verde; los explantes de chiri­
moyo tambien se mantuvieron verdes. Parale­
lamentc. combinaciones de apices de pepino.

de alta capacidad regenerativa. con apices dt:
chirimoyo. no mostraron respuestas positivas:
el tejido de chirimoyo altamente oxidativo se
empardecia al cabo de das dias. en cambio. e)
crecimiento de pepino continuo sin ser afec­
tado,
Combinaciones papa-tabaco (Figura 1a). pepi­
no-tabaco; pepino-kiwi: kiwi-tabaco y kiwi­
babaco no demostraron interaccion positiva:
sIn embargo. en esta ultima especie es posible
inducir brotes multiples de novo a partir de'
lamina foliar en fonna directa con un nivel de
citocinina de 5 mg/J de IPA (Figura Ib), que
tambien habia sido descrita como promotora
para inducir brotes directos en hojas de aranda­
no (Arce et a/.. 1989), con posible obtencion
de variantes somaclonales de celulas foliares
(Arce y Jordan. 1989 enviado),

Aunque no se ha estudiado el movimiento de
sustancias de un explante in vitro a otro. nues­
tros resultados parecen indicar que algunos
compuestos podrian difundir desde un explante
hacia el otro y tal vez condicionar respuestas
mutuamentc. Este fue el casa de la interaccion
kiwi-chirimoyo. en que se observo inhibicion
de axidaci()n en chirimoyo. mientras que al
cultivarse aisladamente. este se empardece ra­
pidamentc. Tambicn. en cl casa particular de

CUADRO 2
CONTENIDO DE FENOLES TOTALES (EXPRESADOS EN AUS, A 730 nm)
EN HOJAS DE DIFERENTES ESPECIES SIN CULTIVAR Y CULTIVADAS

IN VITRO·

Towl ,,1r1'/1I11.\ (Ab.\. 730 1/1" rCl/lgl'1 ill I('(/\'e''\ of ciiffer('nt .\"e'l'iC'J prior nc/lllfc'
Cll/(I co·culturecl in vitro·

Espccic HOJas prcvio HOJa y callo Obscrvacioncs
cullivo" cullivado"

S,,('d('.\ Le'af "rior ('Iclture' Culltl'Ole'cI I('(/f Re'mClrkJ
piles COIlIU

Lucumo 2.00 0.166 Hop verde.
callo clam

Pepino 0.21 0.38 Hojas verdes.
callo pardo

Kiwi 1.00 0.06 Fonnacion de
callo verde

Chirimoyo 0.1 0.93 Hll.la midada.
sin callo

Papayo 0.18 0.02 Hoja y callo
amarillento

·X de dos mediciones.
··40 dias de cuhi\'o.

~\
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papa-tabaco. ambos explantes compiten. inhi­
biendo el desarrollo mutuamente (Figura Ia):
solo explantes individuales y no en combina­
cion realizan morfogenesis de brotes.

Los anal isis de contenidos de compuestos
fenolicos que fueran realizados en explantes
antes y despues de haber estado en condiciones
de co-cultivo. mostraran cambios imponantes
en su contenido total presente en hojas (Cuadra
2). En general. aquellas especies de mejor ca­
pacidad morfogenica presentan bajos niveles
de fenoJes y una estabilidad in \'itro. 10 cual no
es el caso de explantes de caracter oxidativo
que denotan gran variabilidad en su contenido.
Los tejidos con tendencia a la oxidacion 0 em­
pardecidos. como es el caso del chirimoyo.
muestran una sintesis de compuestos fenolicos
muy alta. En hojas de otras especies que per­
manecen verdes 0 denotan solo amarillamien­
to. con formaci6n de callo 0 brotes. el conteni­
do de fenoles se mantiene estable 0 se reduce
durante el cultivo. Variaciones semejantes se
han descrito vinculadas a la diferente capaci­
dad androgenica de anteras de 2 especies del
genera PrulIIu: P. avium y P. "Pandora" (Jor­
dan y Feucht. 1977). asumicndose una posible
panicipacion de dichos compuestos en cl gati­
lIamiento 0 inhibicion de respuestas morfoge­
nicas in vitro. especial mente en aquellas de
caracter lenoso.

RESUMEN

Se evaluaran respuestas morfogenicas de dife­
rentes especies de imponancia economica de
tipo herbaceo y arboreo de alto y bajo potencial
regenerativo. a traves de co-cultivo de explan­
tes vegetativos in vitro.

Algunas combinaciones de cultivos duales
mostraron respuestas de interes en la inducci6n
de morfogenesis: brates. brotes multiples y
',rakes (lucumo-pepino; babaco-pepino) e inhi-
bicion de pracesos oxidativos (kiwi-chirimo­
yo).

Las respuestas indican que aun en especies
de bajo potencial regenerativo ill vitro (baba­
co). el co-cultivo con tejidos (especies) condi­
cionadores podria favorecer respuestas morfo­
genicas no determinadas exclusivamente por la
presencia de hormonas.
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Perspectivas del Cultivo in Vitro
de Celulas y Tejidos Vegetales 1

Miguel Jordan Z. y
Andree Goreux 8.2

I. Introduccion

"Cultivos de plantas 0 tejidos in vitro" corres­
ponde a una denominaci6n general para definir
una biotecnologia de propagaci6n vegetativa con­
sistente en mantener, diferenciar y regenerar plan­
tas de trozos de tejidos u 6rganos diversos, 0 es­
peclficamente celulas 0 protoplastos vegetales en
tubos de ensayo, en condiciones de asepsia,
empleando medlos nutritivos artificiales que simu­
Ian las condiciones existentes en el medio ambien­
Ie celular de la planta madre.

En especies que responden rapidamente bajo
estas condiciones, es posible obtener millones de
copias de una misma planta (c1onesl en el curso
de un par de arios bajo condiciones de laboratorio.

No 5610 trozos de plantas pueden ser emple­
ados para ello, sino tambien porciones celulares
muy pequerias y aun celulas individuales. Asi la
transferencia de material nuclear y la ingenieria
genetica, con incorporaci6n de fragmento~ de aci­
dos nucleicos foraneos (a veces no de ongen ve­
getal) mediante vectores, tambien es ~osible. T?­
da la potencialidad que ofrecen las celulas 0 te/I­
dos vegetales in vitro permite la selecci6n de plan­
tas con caracteres nuevos deseables, la conserva­
ci6n de germoplasma, la transformaci6n del geno­
ma para la obtenci6n de material transgenico y la
obtenci6n de hibridos interespedficos 0 nuevos
clones con genes mas productivos los cuales son
heredables (transmisibles y permanentesl.

La opci6n celular 0 tisular como material ini­
cial de ensayo dependera de los objetivos y poten­
cialidades de cada sistema bajo condiciones in
vitro. EI empleo de una u otra en programas de
multiplicaci6n Vlo mejoramiento vegetal se visuali­
za a continuaci6n.

II. Malerial ve~elal y condiciones de desarrollo

Segun los prop6sitos el material vegetal elegi­
do puede ser muy variable. Dada la plasticidad

EI presente articulo se basa en los sigurentes provectos:
FONDECYT 0669-89; UNIDO PrOJect
N" DP/RLA/BJ/003 v AID Grant N" 513·5542·G·SS·
9067·00. Se agradece la colaboraci6n tecnlca de seno·
res C. Roverano. L. lturnaga VJ. Soria.

2 Lahoratorro de Bottlnica. Facultad de Ciencia:; Biol6gicas.
Ponlificia Unlversidad Cal6hca de Chile.

que manifiestan las plantas puede usarse practica­
mente cualquier celula 0 tejido de ella.

aJ Trozos de tallo que incluyan un nudo lseg­
mento nodal);

bl Meristemas 0 apices caulinares que represen­
tan el punto de crecimiento del tallo principal,
yemas laterales y apices radicales (punto de
crecimiento de la raizl;

cl Embriones viables procedentes de semillas de
germinaci6n muy lenta 0 embriones no
viables, resultantes de cruzamientos hibridos;

dl Celulas somaticas y polen inmaduro;
el Celulas desprovistas de pared celular denomi­

nadas "protoplastos" derivados de una diges­
ti6n enzimatica de la pared celular.

Para expresar dichos eventos morfogenicos,
celulas 0 tejidos deben crecer asepticamente en
soluciones nutritivas artificiales, formuladas hace
ya casi medio siglo. Estas son modificables en
concentraciones y contenido, adicionando/elimi­
nando compuestos qulmicos organicos e inorgani­
cos, segun las necesidades de la especie y explan­
te en particular.

La diferencia bajo condiciones in \'itm es que
en forma aislada, diferentes explantes, como los
mencionados mas arriba, pueden expresar la toti­
potencia celular, manifestar diferenciaci6n y con­
formar 6rganos, principalmente raices. y cuando
no existen, brotes, para originar una planta de no­
vo, fen6meno restringido al ser constituyentes en
la planta.

EI factor mas importante de dichas soluciones
son los componentes denominados fitohormonas,
las cuales gatillan diferencialmente respuestas
morfogenicas en plantas correspondiendo a co~­

puestos naturales 0 sinteticos, de acci6n morfoge­
nica diferencial.

Su acci6n se visualiza por Ej. si se escoge un
trozo de medula de tabaco, un tallo de papa, de ki­
wi 0 un hipocotilo de chirimoya; los niveles altos
de auxina versus bajos de citocinina originan
raices; 10 opuesto, concentraciones altas de cito­
cinina y bajas de auxinas determina la formaci6n
de nuevos broles.

Sin embargo, en muchas plantas leriosas
dichas respuestas se ven inhibidas por diferentes
compuestos metab61icos, entre los cuales se citan
productos fen6licos. Para minimizar este efecto,
recientemente se emplean tejidos de otras espe­
cies, que provocan efecto antioxidativo cuando se
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santes 0 mutagenos, inducci6n de variaci6n 50­

maclonal, fusi6n de protoplastos de distintas es­
pecies, recuperaci6n de embriones hibridos, culti­
vo de celulas gametoffticas (polen) y transferencia
de material genico diverso a traves de vectores
(Agrobacterium) .

- Un embroide Ifutufll plAntufll hBploideJ de tabllco defivildo
Ie polen dentfo de una Bntefa al cabo de 5 semsnas de culrivo.

l) Cultivo de anteras, plantas originadas de po­
len

La condici6n diploide (2n) es una norma ge­
leral aunque no exc!uyente en el reino vegetal; las
,/antas pueden variar en su genoma y tener mayor
'menor dotaci6n cromos6mica. En el primer caso
e encuentran poliploides, triploides (3n) a
'!traploides (4n) y en el segundo haploide (n).

Una de las biotecnologias promisorias de los
Itimos anos en el campo del mejoramiento gene­
co es la capacidad de reprogramar in vitro el de­
]rrollo de un grana de polen, no hacia la fecunda­
r6n como ocurre naturalmente in vivo sino hacia
. diferenciaci6n de un individuo nuevo de cartle­
'r haploide. Las as! lIamadas "plantas de polen"
In derivadas directas de una morfog(mesis de los
ametos y por 10 tanto haploides. Cada planta
"<presa la genetica de un grana de polen y en una
'ltera, par recombinaci6n genica se producen p6­
nes diferentes los que manifiestan un conjunto
~ posibilidades distintas. Es posible posterior­
lente duplicar fikilmente su dotaci6n cromos6­
lica y obtener en una sola generaci6n plantas ho­
,ocigotos diploides. Con ella se puede lograr re­
stencia a enfermedades, dada por dos alelos. As!
s heterocigotos son totalmente aprovechables
1 programas de cruzamientC', pues tados ellos
esentan al menos un gen de resistencia.

Se han logrado resultados espectaculares en
'go, arroz, tabaco, petunia, papa y especialmen­
en la familia solanacea. En este caso, la tecni-

ca es muy simple y no requiere de un equipo sofis­
ticado,

AunQue en algunos casos la frecuencia mor­
fogenica del polen puede ser baja, cada antera
cultivada puede contener 50.000 granos de polen,
potencialmente viables. En cada capsula es po-
sible sembrar 30 a mas anteras, de tal modo Que
las respuestas deberfan ser prometedoras. En la
Fig. 1 se observa una plantula de tabaco haploide
derivada de polen, emergiendo de una antera des­
pues de 28 dias de cultivo.

En Chile se estan efectuando estudios en
muchas especies, en particular arroz, trigo, ceba­
da y frutales. En China existen variedades comer­

I ciales de arroz derivadas del cultivo de anteras,
Que se han visualizado como superiores en termi­
nos de productividad.

2) Cultivo de gametofitos
Existe una segunda f6rmula para obtener ma­

terial haploide y luego diploides homocigotos,
aplicable en conlleras, la Que en la actualidad ha
cobrado gran importancia para las plantas de las
distintas especies de caracter plus 0 elite y de
aQuelias introducidas comercialmente al pals. La
fuente de origen haploide corresponde en este ca­
so al denominado gametofito, tejido componente
de la semilla donde se localiza el embri6n. Se han
iniciado intentos de regeneraci6n en Araucaria
araucana. induciendo organogenesis en este teji­
do.

3) Suspensiones cclulares
Es posible aislar y cultivar celulas somtlticas.

Combinando esta biotecnologia con la selecci6n
mediante condiciones stressantes (salinidad, com­
puestos toxicos. toxinas de patogenos) se logran'
plantas resistentes a diversas condiciones del me-.
dio. Ademas, se han empleado distintos agentes
selectivos, metionina, valina, clarato, para obte­
ner en un caso individuos can mayor producci6n y
contenido de aminoacidos y en el segundo identi­
ficar mutantes fisiol6gicos. A partir de ello. se vi­
sualiza otra aplicaci6n, Que es la producci6n de se­
millas artificiales. en Que se recubre cada embri6n
derivado de suspensiones celulares con una "tes­
ta" sintetica (alginato u otros compuestos biogra­
dables) pudiendo asi sembrar plantas identicas.

4) Hibridiz..acion somatica por fusion de pro­
loplastos
Esta biotecnologia permite fusionar diversas

especies, de distintos generos e incluso distintas
familias, produciendo hibridos imposibles de
lagrar in \ivo. Consiste en eliminar la pared de las ce­
lulas (compuesta de pectina/celulosa) empleando en­
zimas Que la digieren, Iiberando asf pro­
toplastos. EI protoplasto mantiene normalmente
su metabolismo, aun en este ambiente artificial; y
aquf, mediante una serie de manipulaciones, se
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lS co-cultiva; la multiplicaci6n a traves de cultivos
lterespecificos, duales, 0 co-cultivos. En relaci6n
los costos para iniciar un programa de multipli­

aci6n, el material vegetal representa, comparati­
amente, una inversi6n minima. Sin embargo el
em fitohormonas lespecialmente algunas de
ran eficiencial junto a los reactivos y la energia
!Querida para esterilizar soluciones representa ya
n insumo mayor en el proceso. Adicionalmente
adquisici6n de eQuipos lun autoclav~ corriente,

lmpana de flujo laminar Que proveen la asepsia,
strumental optimo y camaras c1imatizadas con
lentes luminicasl incide fuertemente en la inver­
6n, tal como se observa en la tabla de costos in­
'c;:ativos.

I. Potencialidades y proyeccioncs de cultivo in
vitro de vegclales

i Multiplicacion masiva
Diferentes caracteres cualitativamente favo­

bles en cuanto a productividad han sido fijados
1 el pasado mediante selecciones hist6ricas, por
lcuentro al azar, 0 mejoramiento genetico, cons­
uyendo plantas elite, las Que posteriormente de­
laron a clones y actualmente son cultivares 0 va·
ldades. As! ha ocurrido en el caso de patrones
lanos y variedades en manzano y muchos otros
Jtales.

Tales plantas elite pueden ser multiplicadas
asivamente, obteniendo asi innumerables copias
! plantas que cuenten con caracterlsticas dese­
lies, como algun tipo 0 color de frutos, mayor 0
enor contenido de azucar y fenales en los frutos,
ayor tamano a vigor de la planta y tolerancia a
,ndiciones adversas Isalinidad, seQuial entre
ros factores. Esto es aplicable a todo tipo de cul­
as y permite el plantio inmediato, can 10 cual se
lsibilita la producci6n rapida, factor importante
i el mercado. Son ejemplos la intensa plantaci6n
. kiwi hace algunos anos y actualmente el aran­
Ino, los que, establecidos en corto plazo permi·
'1 conquistar un lugar importante en el mercado,
in compitiendo con exportadores internacional·
ente establecidos.

Aun cuando en estas especies se utilizaron
:;nologias de macro y micropropagaci6n in
tro, te6ricamente el nivel celular es el sistema
Ie podria, dado un conocimiento previo, maxi·
Izar la multiplicaci6n de estas plantas, mediante
sistema de suspensiones celulares, embriogime­
; somatica, y "semillas" artificiales. A la fecha,
::has potencialidades morfogenicas y de regene­
ci6n masiva a traves de celulas ocurre s610 en
las pocas especies, debiendo preferirse todavia
ntros de crecimiento preformados denominados
~ristemas, secciones nodales 0 promover la in­
Icci6n de brotes nuevos mediante organogene-
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Conocidos los reQuerimientos in vitro, el sis­
tema celular aparece como muy ventajoso econ6­
micamente. puesto Que millones de plantas
pueden ser producidas en un solo matraz.

b) SelecciOn
La multiplicaci6n masiva facilita y acelera la

selecci6n de cultivares aptos para distintas condi­
ciones ambientales, al producir copias identicas,
obviando ellento camino de cruce, retrocruce, en­
sayo en terreno, selecci6n de ejemplares y obten- .
ci6n de nuevas generaciones Que deben a su vez
ser ensayadas. En el caso de plantas de germina­
ci6n lenta como las palmas, el proceso de selec·
ci6n de una nueva variedad puede ser acelerado
significativamente. Esta rapida selecci6n es apli­
cable a los productos de otras biotecnologlas
descritas a continuaci6n.

c) Produccion de plantas Iibres de pato~enos

La reproducci6n vegetativa por generaciones
lestacas, mugrones, tuberculos, bulbosl tiende a
transmitir y acumular progresivamente diferentes
pat6genos. en especial virus, bacterias, micoplas­
mas. Este hecho es muy importante en el caso de
Chile, porque un gran porcentaje de las especies
de valor econ6mico estan afectadas por distintas
patologlas. 10 Que reduce la producci6n y la torna
inapta para exportaci6n, ademas de acortar la vida
util de la planta.

La estrategia del sistema de eliminaci6n de
patologlas consiste en cultivar zonas de creci­
miento en muy act iva divisi6n celular, las Que se
encuentran en los apices de las plantas; el "meris­
tema apical", de 0,1 a 1 mm de diametro. Este se
encuentra libre de patogenos aunQue sl estan pre­
sentes en el resto de la planta madre. In vitro este
cumulo de celulas puede seguir creciendo en for­
ma ordenada, elongando un brote y desarrollando
nuevas rakes, sin modificar sus caracteristicas ge­
neticas.

Se ha visto Que las plantas sanas regeneradas
por meristemas junto con aumentar su productivi­
dad tun 30% en frutillal presentan ademas otro
habito; la verdad es que estamos acostumbrados
a ver las especies en su condici6n de enfermas y
desconocemos su potencial productivo cuando se
hallan sanas. En la actualidad tambien se combi­
nan tecnicas de termo y Quimioterapia con cultivo
in vitro para eliminar pat6genos y luego obtener
plantas sanas.

d) Produccion de plantas de caracteristicas supe­
riores

Leo:; tecnicas utilizadas para obtener nuevas
variedac.ies y/o alguna caracteristica particular, in­
volucran empleo de mutagenos, regeneraci6n de
embriones somaticos tratados con factores stres-

I:
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Jgra su fusi6n con otro. Los productos recombi­
antes que contienen material genetico de ambos
rogenitores, regeneran la pared vegetal. y siendo
'Jmpatibles dan lugar a un embri6n y finalmente a
na pltmtula, que crece en invernadero y poste­
'Jrmente en terreno. Estos hrbridos interespeclfi­
JS se evahjan, y de ser interesantes desde un
Jnto de vista cientlfico 0 econ6mico. son mul­
Jlicados in vitro, al presentar un grado de esterili­
Id variable. Resultado pionero con este sistema
mesponde al denominado "pomato" (patata y
mate). que es mils bien una curiosidad; ni las
Ipas ni los tomates que produce son de buena
lidad (y ni se pens6 que asl fuera, ya que morfo­
gicamente las papas corresponden a un tubercu­
y los tomates a un fruto, correspondiendo a un
deal extremo")' En otros cultivos se han obteni­
) hfbridos interespeclficos interesantes y se tra­
Ija intensamente para mejorar diversos frutales
~diante esta tecnica.

Rccuperacion de embriones hibridos.
Tal como en la hibridizaci6n somiltica por fu­

m de protoplastos, es posible que ocurran fu­
mes 0 fecundaciones sexuales interespeclficas
e no permiten el desarrollo completo del
lbri6n en el ovario. La temprana extracci6n del
lbri6n y su cultivo en condiciones in vitro permi­
1 lIevar embriones y pltmtulas a termino. pudien-

obtenerse una recombinaci6n genica entre
mtas normalmente incompatibles. Aunque tales
mtas ofrecen dificultades como para iniciar una
mtaci6n comercial, el fruto es tan apreciado que
tifica la inversi6n. En la prilctica. la biotecnolo-
de micropropagaci6n asexual in vitro ha re­

~Ito el problema.
En la naturaleza. sin embargo. ocurren casos

que, siendo incompatibles al provenir de dos
>ecies distintas. la fecundaci6n lIega a buen exi-
EI Babaco 0 Carica pentagona es un tipo de

lava derivado de este cruzamiento, el cual aun­
~ viable produce progenie esteril. por 10 que su
'Itiplicaci6n masiva por distintos explantes se
;e imprescindible si se quiere instalar una plan­
i6n comercial. En Italia existen laboratorios que
dedican a generar este tipo de material, de
Jerdo a la demanda, y han programado multipli­
;iones de al menos 1.000.000 de unidades
Jalmente.

Variacion somacional
Corresponde a una fuente de variaci6n extra

gran actualidad y muy efectiva, que no es pro­
:::to de manipulaci6n alguna. Ella consiste en
~ algunas celulas de un conjunto celular ltejido
lanizado. por ejemplo una hoja) evidencian res­
~stas diferentes ante un estimulo in vitro.
En la prilctica, algunas celulas gatillan respues­

regenerativas, dando origen a embriones 0
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brotes diferentes. EI anillisis bioqufmico en primer
lugar y las observaciones fenol6gicas 0 morfol6gi­
cas posteriormente muestran que desde un mismo
explante se han originado individuos con caracte·
rlsticas distintas. En Brasil se logr6. mediante este
sistema, obtener selecciones con individuos de
cana con mayor contenido de azucar.

En papas es posible lograr resistencias a virus
y pat6genos, cambios en vigor, cambios fenol6gi·
cos y otros factores que deberiln ser evaluados
por los genetistas.

7) Ingenieria genetica
La ingenieria genetica ofrece posibilidades en

muchos aspectos: identificar y aislar genes utiles
para el mejoramiento de cultivos en plantas resis­
tentes a virus, insectos. herbicidas. e introducirlos
en otras especies (plantas transgenicas). Bilsica­
mente, se utiliza el sistema de plasmido T de
A~rohacterium tumcfaciens. Este microorganis·
mo tiene la capacidad natural de insertar (infectar)
parte de su ADN, conocido como T-ADN en celu­
las vegetales. Este T-ADN contiene distintos ge­
nes: entre otros, los que codifican fitohormonas
que inducen la formaci6n de tumores t1picos de la
agalla del cuello, y los de opina. que provocan la
slntesis de compuestos especificos. nopalina u oc­
topina, utilizados por la bacteria para multiplicarse
dentro de la planta.

Para trabajar en ingenieria genetica con esta
bacteria, es necesario eliminar total 0 parcialmen­
te los genes de fitohormonas, para no generar tu­
mores, y recuperar plantas normales. Los genes
del tumor pueden ser reemplazados por los genes
que se desee incorporar, junto a genes sinteticos
marcadores, para identificar la planta transforma­
da. En principio, si las secuencias de acoplamiento
son funcionales. cualquier fragmento de ADN de
cualesquier origen, animal 0 vegetal, puede ser in­
serto y codificado; primero en ta bacteria y luego a
nivel de las celulas de la planta transformada.

A la par con los sistemas de transformaci6n. se
ha trabajado mucho en los ultimos anos para iden­
tificar y aislar genes que podrian ser utiles para
mejoramiento de cultivos. La alternativa mas im­
pactante es la posibilidad de insertar genes prove­
nientes de gran diversidad de seres vivos, genes
que se expresan en las plantas transformadas.

Quedan ahora dos problemas por resolver,
primero, tan 5610 dicotiled6neas y no monocotile­
d6neas son posibles de modificar por Agrohactc­
rium: segundo. las transformaciones logradas en
explantes in vitro deben expresarse y heredarse en
terreno a traves de generaciones para ser pro­
vechosas.

IV. Costos aproximados de una unidad de cuhivo
in \·itro.
La implementacion de un laboratorio de culti-



"0 in vitro dedicado a la producci6n masiva de
Jlantas requiere personal especializado. instala­
::iones. equipos e insumos. En el cuadro N° 2 se
:mtrega una estimaci6n del costo aproximado de
~stos Items. para un laboratorio que produlca
Jproximadamente 1.000.000 de unidades al ano.

ratorios de investigaci6n y desarrollo para distintas
especies frutales. horticolas y forestales. 10 cual
indica un gran interes en nuestro pais por aplicar
tecnologlas de avanzada.

TOTALINVERSION MINfMA USS 178.000

CUADRO W 2: COSTOS APROXIMADOS DE UNA UNI·
DAD DE CULTIVO IN VITRO IUSSI.

Costos de InversiOn:

111 Conslrucciones
-005 c.1Imaras de cultivo.
deSOm2c/uyanexos 100.000
.Habilitaci6n c.1Imaras. mesones.
racks. aislaci6n 15.000
·Invernadero 20.000
121 Equipo Iabotatorio
.Equipo mayor: campanas de lIujo
laminar. autoclaves. eslufas.
microscopio. agitadores. congelador 30.000
.Equipo menor: balanzas. homo microondas 3.000
131 Equipo c.1Imaras de cultivo
.Unidades relrigeranleslcalelactores.
control fotoperlodo. refrigllfador 10.000

CUADRO N" 1: RESUMEN DE LAS PERSPECTIVAS DEL
CULTIVO IN VITRO.

Ilool!adogil Grldo de CosIo de llaUIIdoI
~ ImplementlOlln N.IilaI

Microeslacas (11 sencillo bajo 90-95%
Microinjerto (21 sencillo bajo 90%
CullivosegmenlOs/
"pices/yemas mediano bajo 90%
Cultivo meriSlemas mediano bajo 8:1%
Callo/celulas mediano bajo 8:1%
AnIMas complejo mediano 30%
Microesporas complejo mediano 30%
PrOloplaslos (3) complejo mediano 10%
Fusi6nde muy
proloplaslO:; complejo mediano 1%

muy
Microinyecci6n complejo mediano
ADN recombinanl~muy
Iransformaci6n complejo mediano

11) Correspondsn a segmentos nodales de tamal\o pe.
queno.
(2) Se refiere al injerto de una porci6n de itpice caulinar de
una especie sobre otra plitntula en condiciones postgerrnina­
tivas. "in vitro".
131 No interesa el porcentaje de fusi6n. sino que exista
viabilidad 0 compatibilidad de alguncs combinantes para
conformar plantas nuevas.

COSlas de Opefaci6n:

.Fungibles (material de
vidrio. reactivosl
-Gastos operaci6n y mantenci6n equipo
.Gastos operaci6n c.1Imaras
·Personal tBiotecnol6go. t~cnico de
laboratorio. de invernadero y viverol
·Gastos genet'ales

TOTAL COSTO OPERACION

15.000/ano
5.000/ano
6.000/ano

25.000/ano
2.500/ano

uss 53.500/ano

En la actualidad en Chile se han tomado ini­
:iativas de construcci6n y/o habilitaci6n de labo-

NOTA: Se deben agregar ade~s costos tales como impues'
tos. leyes sociales y 01105.

LABORATORIO
DE SERVICIO DE ANALISIS

DE SUELO YFOLIAR

- ANALISIS DE SUELO:

• ANALISIS DE AGUAS

ABORATORIO DE SERVICIO DE ANALISIS
~CUlTAD DE AGRONOMIA
ONTIFICIA UNIVERSIDAD CATOLICA OE CHILE

·Fertilidad
·Salinidad
·Fisicos

-ANAL/SIS FOL/AR: ·Hojas
·Peciolos
·Frutos

• ANALISIS DE FERTILIZANTES:
·Guanos

·Fertilizantes

AVDA. VICUfilA MACKENNA 4860
FOND: 5522375 ANEXOS: 4103-4157
FAX: 2-5526005
CASIUA: 6177 COO. !lOll STGO.
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MICROPROPAGACI6N IN VITRO DE ALGL'NAS ESPECIES FRliTALES

MICROPROPAGACION IN VITRO DE ALGUNAS ESPECIES
FRUTiCOLAS DE CHILE

IN VITRO PROPAGATION OF SOME FRUIT SPECIES GROWN IN CHILE

MIGUEL JORDAN, PATRICIO ARCE Y CARLOS ROVERARO
Labora/clr;o dl' BOlanica. Facullad dl' Ciencias Biologicas

Ponlificia Unll't'Tsidad Ca/cifica dl' Chill'
Casilla 114-0. Santiago

Summary

Fil'e fruil species of economic importance in Chill': Annona cherimola (chirimoya). Actinidia
deliciosa (kiwi). Carica pubescens (mountain papaya) Carica penragona (babaco) and Solanum
muricatum (pear apple) were STudied as regards Iheir regeneralion potential under in vitro
condilions. BeST explants. cullure condilions and hormone levels required 10 induce morphogenic
rl'sponses and plant regeneralion were delermilled. II ",as possible 10 induce somalic embryos in
papaya. ad~'enlilious shOalS in kiwi starling from calli, direct shool and roolformalion in chirimo)'a
hypocoryls. somalic embryoidsfrom microca/li originatingfrom cell suspensions and roolformalion
in nodes or axillary buds in pear apple. ki",i and babaco. All morphogeneses conduclive to plantlel
r(!~I'neralion,

III

....~ ~- ,_. ~ '.;-, .; :..
c.- .... ,;~.:~ .'/ ,.~, •
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INTRODUCCI6N

En una serie de especies frutales. la expansiva
demanda de cvs. y clones ha requerido contar
con metodos de regeneraci6n asexual rapidos y
masivos. sin embargo. la respuesta en muchas
especies se ve afectada por variaciones estacio­
nales. cambios fisiol6gicos. de nutrientes. ni­
veles end6genos honnonales vs. inhibidores en
tejido y la presencia de pat6genos. los cuales
afectan fuertemente la propagaci6n clonal.
Tecnicas de micropropagaci6n in \'ilro. parale­
lamente. han mostrado proveer de sistemas de
multiplicaci6n asexual de alta eficiencia. favo­
reciendo la expresi6n de potenciales morfoge­
nicos en diversos tipos de explantes. incluyen­
do celulas y tejidos no organizados.

Los aUlores agradecen aJ Fondo NacionaJ de Ciencia v Tee­
nologia Proyeelos N° 857/87 Y0669/89 Y AID Grant W 513­
5S42-G-SS-9067-00.

Publicacion aprobada por el Comile Editor de la Facullad de
Agronomia de la Unlversidad Cah\/ica con cI S" 4911,90. Feeha
de recepclOn: 12 de Julio de 1990.

La capacidad de inducci6n de respuestas
regenerativas in vitro en diferentes lejidos de
algunas especies frutales de gran potencialidad
econ6mica actual. es el objetivo principal de
este trabajo.

Las metodologfas descritas mas abajo abren
nuevas perspectivas para la propagaci6n de
selecciones 0 cvs. de chirimoya (Annona che­
rimola). la obtenci6n de regenerantes 0 fonnas
sexuales mas productivas 0 con mayor conteni­
do de enzimas proteoliticas en papaya (Carica
pubescens). la multiplicaci6n masiva del baba­
co (Carica penragona). un hibrido interespeci­
fico esteril de reciente introducci6n en el pais.
la reproducci6n asexual de clones polinizado­
res y patrones de kiwi (Actinidia deliciosa) y el
saneamiento de virosis en pepino de fruta (So­
lanum muricatum),

MATERIALES Y METODOS

Se usaron diferentes lipos de explantes para su
evaJuaci6n in vilro. Entre ellos se escogi6:
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secciones de hipocotilos. secciones intemoda­
les, yemas axilares. secciones de peciolo,
hojas. pericarpio y medula (Cuadro I).

Los medios nutritivos ensayados fueron
Nitsch & Nitsch (1969) [N]; Murashige &
Skoog (1962) fMS]; Anderson (1978 fA] y
Jordan et al. (1978) fJ], los cuales se utilizaron
en combinaciones con diferentes niveles de las
fitohormonas acido naftalenacetico (ANA),
benciladenina (SA) y acido giberelico (GA).
Los medios fueron esterilizados en autoclave a
12 I°C durante 20 minutos. Los explantes se
desinfectaron dos veces con hipoclorito comer­
cial al 5%. lavandolos posteriormente con agua
de la lIave esteril. y se cultivaron en los medios
indicados colocandolos sobre puentes de papel
de cromalOgrafia Whatman N° I . Se evaluaron

respuestas regenerativas cada 30 dias antes de
iniciar un subcultivo en caso necesario. En
algunos ensayos se procedi6 a realizar cortes
histologicos usando "Paraplast" y tifiiendo con
SafraninaiFast Green. Los cortes se hicieron a
10 fLm.

Con el objeto de promover mayores respues­
tas morfogenicas en algunas especies frutales,
se realizaron algunos ensayos en forma de co­
cultivos empleando explantes (brotes y callo,
respectivamente) de tres especies; entre elias.
Salonum muricatum (Sm), Actinidia chinensis
(Ach) y So/anum tuberosum (St). en forma de
condicionamiento metabOlico, a fin de superar
respueslas regenerativas determinadas solo por
hormonas.

CUADRO I
RESPUESTAS REGENERATIVAS IN ~'ITRO DE CINCO ESPECIES FRUTALES

R~Il~nrrati(/n rtsponStS tiffi,·t fruit Sptl'its l1rtJM'" 10 I'lIn}

Frecuencil
Elpecie Smenu de te~eneraci6n El{planle~ Re~puc:.11 Cumlicione. de cuhivo

te~enerativi

,",nno/IQ Brules advenlicio~ multiples (or· HipocOlilos ......... MS. ANA 0.5 BA 2.0
C'hf'rimola j:lno~enesis directl), N.ANA 1.0BAO.I·1.0.

,",C'Iinidia Cillo. ralce~. broles IdvenliciO'i Pedolos + J. ANA I BA 1. sin 5ubcuhivo II
dtliC'iasa multiples. PlinllS tOll!lIlIogenesis cabo de 30 diu.

mdirKLI).
Cillo. ralec:s y brules Idvenlkios. Enltenudos ... ++ MS uA. ANA I BA I; subcullivu
plantas (oq1anollenc:.i. indirecta). MS. ANA 0.0 BA 1.0.
Dcsam.1l0 a planla•. nzollenesi~ "emus ... ++ !'ofS 0 A. ANA. 0.3: BA 1.0 ~ GA

0.0\. ~in suocullivo al clbo lk :10
dius.

Carica Callo. embrlOne~ ~omatico~. Hipocotilus +++ N. MS J. ANA 1.0 BA 1.0
pubtsans planlas. Pc:dolo~ + N. ANA 1.0-5.0 BA 1.0.

Callo. raices. embnone. somali·
cos. plintulas.

Callo. lejido c:mbnollenico. Pericarpio
Callo. Hojas
Callo. Anlera
Cillo Medula
Microcallo embriogenaco. Proloplastos y + N. ~in hormonas 0 ANA 1.0: luc:.

suspensiones go BA 1.0 en subcullivo.

Carica Dc:sarrollode yemus. raices. plan· "emas uilares ... N12. ANA 0.05 BA 0.8 (SUppl.
prntaR°nD lula>. Pericarpio con carbt\n aClivado. hidrulizado

de cascina 500 mgll y sulf aden;·
na 40 mgl!'

Embnmdc. som:illcos. Pcciolu + /1,'. ANA 1.0 BA 1.0.
Callo. Mcdulu

So/unum Rizollcncsis dln:cla \cn:mI1lCnhl !'iudus .... ....-.,.. J. ANA 0.3 /8/\ GA, 0.01.
muricalum de bnlles 0 yemas ~Inaulljncol. Yemas axilarc. +~"' J. ANA 0.3 HA D.I GA, 0.01

Callo en la base de nudllS.



FIGL'RA I
10: DIFERENTES C\'S. DE CHIRI\lOYA SL'SCEPTIBLES DE 'lLLTIPLICAR Y S[L[CClO~AR

IN VrrRO: ENTRE ELLAS IIZQUERDA A DERECHAI ··IIRO:\CEADA··. "CO:\CHA L1SX'
"TU\1UA SANDIA': IABAJO) "JL'L1A~A" Y F1NAD1[~TE "CANARIU"

b. SECCIONES DE HIPOCOTILOS DE CH/RI\tUY.\ C\' "CO~CHA L1SX' CO~ FOR\l.\ClO~

ML'LTIPLE DE BROTES DE SOlD. SIN \lEDIAR CALLO. <: SECCIO~ES DE HIPOCOTILUS
DE CHIRI\10YA C\'. '"CONCHA LISA' PARCIAL\IE~n:UXIDAlXJS. PERU CO~ FOR\l,\ClU~

DE BROTES Y RAicES IFLECHA) E~ LAS REGIO~E5 PRUXl\lALES Y DISTALES. RESPECTIV.\\IE~TE
d: FOR\1ACION DE BROTES \lL'LnPLES SOBRE C.\LLO ORIGI~AlXJDE PECIOLO E~ KIWI

CV "HAYWARD" A PARTIR DE ,0 DiAS DE CL'LT/VO,
e: SECCION NODAL DE PEPINO DE FRL'TA CO:"/ FOR\lACIO:,,/ DE ~ R.\ICES EN SL' PORCIO~ DIST.\L

f: CO-CULTIVO DE SEG\lENTOS FOLIARES DE PEPI~O DE FRL'TA EN DlFERE!'-'TES NI\'ELE5
DE HOR\IONAS, CONCE....lRACION DE A~\ 1 m~1 Y BA U.UI m~t1 DETER\lI:"/AN

LA FOR\lACION 'IL'LTIPLE DE RAICES A PARTIR DE LOS BORDES DE
LA L;\\1I:"/A FOLIAR

la: Sel'eral Cherimola cullivars to be multiplied and selected: "Bronceada", "Concha Lisa". "Tumba Sandia".
"Juliana", "Canario". b: H."pocoryl section of Cherimola 0' "Concha Lisa" showing simultaneous formation,

Shoots form direclly wilhoul calli, c: Hypocor."1 seC/ions of Cherimola with shOalS arui roo IS
at proximal arui distal ends. d: "'lulliple shoot formation in calli grown from petiole

in kiwi 0'. "Hayward" after 30 days in culture, 1': Nodal seC/iun of Solanum muricatum showing roOI
formation on its distal portion. f: Dual-cultures of S. muricarum leaf explants,
ANA and BA leresl (10 mg:1 and O.OJ mg I. respeclil'ei."llrigger multiple roOi

formation ot/caf edges.

\~\
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~, I'LA~rAS DE UAIlACU ~, I'LANTLILA III IJAIlACU ARKAIGADA IS "ITRO INICIADA
Ill, l'I'A n,,\lA A\IL\K " n'slo!' ilL I'KOTOI'LASTOS DE CARICA I'M'AlA ,PAPAYO

TKOI'ICALI Y C 1'/'ULSCf.\:> ,PAI'AYO MO~TANLSI. LAS ClLl'LAS DE C PAI'MA PKO\'IL~LN

Dl ("ALLO Ol'l SOLO PKESE"'1 A PKOPLASTII>IOS, LAS Dl C 1'1 'IILSCfSS SL OIlTl'\'O DE HUlA
DL I'LA"TA Alll'LTA. n'yo MlSOflLO ,\ll'ESTKA CLOKOI'LASTIiJIUS MJK,\l,\LLS

d MICK(X·ALI.O I'U'RIESTKATlriCAIlO OKI/;I,",\I)() ilL Sl'SI'I,NSIO~LSClLl:LAKLS
III C PI '/Il.sn \,\ \10STKASIlO LOS PKI,'LKUS ESTAIJIOS III H lK",\C10" ilL l 'S L\lUKIO\ SD\L\TlCll

,fLECHAI, OLE APAKln, DE COLOK \'EKIlL HAlO Ll'I'A UIMlCl'LAK
c 1:,'IIKIO"lS SO\tATlCllS ,\ll'LlII'LLS AI'AKlCII,MX) Dl \'r-; l'ALLO DL C fL'UESCE\S

2a: Babaell plan/s. b: Rooll'd babuel' plan/In ~rown from an axillan' bud.
c: ProlOplaSlfusion of C. papaya (tropical papam) and C. pubescens (mountuin papa."a).

ProlOplasl cells of C. papaya ...·ne lSolaled from calli and sho...· only proplastids: those of C. pubescens
deril'ed from mesophdl {adult leafJ hOl'e normal chloroplasts. d: Microculli from cell suspension

of C. pubescens sho ...·ing first sta[ies of a somatic embn·o. appearing [ir/'en undn binocular.
e: Mull/pie somatic embryos arisin1( from a calli of C. pubescens.

j..

i . ;' .. "
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£SULTADOS

odas las especies cultivadas bajo las condi­
lones especfficas indicadas en el Cuadro I
udieron ser regeneradas a plantulas sin difi­
ultad. S610 explantes de babaco rnostraron
~spuestas recalcitrantes.
-Annona cherimola: Las mejores respuestas

morfogenicas se observaron en secciones de
hipocotiJos usando el cv. "Concha Lisa".
con niveles relativamente altos de citocinina
vs. auxina. En estas condiciones los explan­
tes fonnan brotes multiples de no\'(} en las
regiones mas proximales en forma directa.
sin pasar por callo (Figura Ia.b). Dicha res­
puesta disminuye hacia la regi6n distal/basal
donde las porciones de hipocotilos tienden
mas a la fonnacion de callo y/o raiz (Figura
Ic). Para la iniciacian de rakes y produc­
cion de pJantulas. la mejor res!luesta se 10­
gro subcultivando las secciones de hipocoti­
los de 2·3 cm de largo. previa fonnaci6n de
brotes. en presencia de 10 mg/I de ANA
(Figura Ie). Secciones de menor tamailo (5
mm) 0 brotes individualcs decacn r;ipida­
mente en identicas condiciones de suhculti­
vo junto con un empardecimiento lisular dc­
bide a oxidacion fenalica. cfeclo igualmcnte
descrito en hojas y otws explantes de csta
especie (Jordan. 1990). Sin embargo. las
secciones de hipocotilos que sc manifiestan
morfogcnicas. mueslran sintesis de antocia­
ninas sin empardecer. la cual aumenta con el
tiempo de cultivo. Dc acuerdo a Moran
(com. pers.). chirimoya tiene ill \';rro ten­
dencia a fonnar prcfcrcntcmcntc brotcs. 10
que tambien es caractcristico en A. squamo·
sa (Nair. 1984).

-Acrinidia deliciosa: Los resultados indica­
ron una rapida respuesta de crecimiento in
virro yalta polencialidad regenerativa a par­
tir de yemas. enlrenudos y pedolos. AI cre­
cimiento de formacion de callo puede conti­
nuar directamente la inducci6n de brotes
advenlicios que se generan en este tejido
basal no organizado. no requiriendose de
subcultivo adicional.
Los brotes. de caracter multiple. se distin­
guen por una intensa pigmentaci6n verde
mientras emergen del callo. Un trozo de
pedolo puede sucesivamente. sin subculti­
vo. iniciar callo. formar brotes y rakes al
cabo de 30 dias en el medio J. ANNBN

·GA,.0.3/0. 1/0.1 (Figura Jd). semejantc a
[0 observado en papa (Jordan. 197H). La alta
capacidad morfogenica concuerda con los
resultados de Standardi (1982) Y Monette
(1986) hallada en apices y brotes de estas
especies.

-So/anum muricl/tum: EI pepino de fruta res­
ponde analogamente ala condicion de culti­
vo dada por kiwi. Usando regiones nodales
o yemas axilares realiza crecimiento y for­
macian de rakes al cabo de 30 dias. akan­
zando a fonnar plantas de 10 cm sin requerir
de subcultivo (Figura Ie).
En experimentos de cultivos duales monoes­
pedficos e interespedficos (Cuadro 2). se
desprende que puede ser promovida la orga­
nogenesis en callos y eJ desarrollo de brotes
entre Solanum ruberosum y .""/anum muri·
carum cuando ambos explantes se co­
cultivan (tratamientos 2 y 5) en ausencia
total de hormona. Igualmente. se observa
que al cultivar callo de las tres especies en
fonna independiente sin hormonas (trala­
miento 13. 14 Y15). no se obticne respuesta.
aunque en co-cultivo el callo de una u otra es
capaz de desarrollar la neofonnaci6n de bro­
les (tratamiento 5 y 6). Este efeclo pucde ser
adscrito a que las Solanaceas S. flIberosum.
y aqu i espt:cialmeme S. 11/Uricallllll. re!ipon­
den morfogcnicameme a nivdt:s de auxinas/
citocininas end6genas gatill;indose la inil.:ia­
ci{)n dt: brotes 0 rakes sin demandas de
fitohormonas adicionales. En cultivo!i que
incluyen fitohomlonas. bajos niveles de ci­
tocininas respeclO de auxinas. detcrminan la
fonnacian de rakes (Figura If). La poten­
cialidad de los co-cultivos tisulares interes­
pecificos en combinacion Con fitohonnonas
para promover morfogenesis en especies de
dificil regeneracion deber:i ser fruto de
mayores investigaciones.

-Carica pubescens: EJ papayo puede iniciar
crecimiento de tejido no organizado a panir
de diferentes explantes y niveles hormona­
les (Jordan et al .. 1983). La posterior rege­
neraci6n a pl<intulas puede lograrse a panir
de hipocotilos. los cuales inician. desde el
callo previamente fonnado. embriones so­
maticos al finalizar los 2 meses de cultivo
(Figura 2e). Dicho callo tambien se forma
en trozos de pedolos. conduciendo igual­
mente a respuestas regeneralivas. aunque en
menor escala. Explantes de pericarpio pro-
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veniente de fruto inmaduro, aUn con cJorofi­
la, s610 muestran centros embrionarios, pero
no diferenciacion a plantulas (Jordan, en
prensa). Los hipocotilos fueron los mas ade­
cuados para proveer de callo para iniciar
suspensiones celulares y experimentos de
fusion de protoplastos. La regeneracion de
embriones somaticos a partir de microcallo
originado desde suspensiones celulares se
logro suspendiendo celulas en un medio
Nitsch sin hormonas 0 con solo I mgtI de
ANA, subcultivandolas luego en presencia
de I mgtl de BA en el mismo medio nutriti­
vo (Figura 2d). Finalmente, en las mismas
condiciones se obtuvieron productos de fu­
sion de protoplastos de C. papaya X C.
pubescens. aunque a la fecha no se cuenta
aun con regenerantes viabies entre ambas
especies de Caricaceas (Jordan et a/ .• 1986)
(Figura 2c).

- C. r('nra~ona; Esle hibrido inicia a panir de
pcciolos de hoja la formacion de callo se­
mcjante al de C. pubescens. es decir. sin
pigmcntacion y con escaso crecimiento. En
presencia de ANAJBA 111 mgtl el callo ini­
cia fonnacion de embriones som3ticos. pero
estos posteriormente se desdiferencian. So­
lo a partir de yemas axilares en medio suple-

mentado con hidrolizado de caseina 500 mgl
I, ANA 0,05 mgll y BA 0.8 mgll, se produce
crecimiento del brote con fonnacion de raiz
y plantulas, aunque en baja frecuencia (Fi­
gura 2a,b).

CONCLUSIONES

Todas las especies examinadas y cultivadas in
vitro bajo condiciones de nutrientes y niveles
hormonales determinados mas arriba. son ca­
paces a traves de la potencialidad morfogeneti­
ca existente en sus organos yto tejidos particu­
lares de regenerar plantas via micropropaga­
cion asexual. La frecuencia de regeneracion
esta determinada por la velocidad del creci­
miento tisular. la induccion de respuestas mor­
fogenicas y problemas vinculados con el meta­
bolismo oxidativo de compuestos fenolicos.
especialmente en chirimoya y otras spp. leilO­
sas(Jordan. 1975. 1977). Especiesquerc!!cne­
ran rakes 8 partir de explantes meristematicos
como el pepino de fruto y kiwi. responden con
mayor facilidad; estos explantes no emparde­
cen bajo condiciones in vitro. Plantas que desa­
ITollan embriones somaticos yto brotes adven­
ticios de preferencia. ya sea directamente a

CUADRO 2
RESPUESTAS REGENERATIVAS DE CO·CULTIVO DE BROTES (br) CON CALLO Ic) EN

DOS ESPECIES DE MEDIO MS SIN HORMONA DE CRECIMIENTO.

In vitro regeneration responses of shoot (br) and callus (c) dual cultures grm"n
in JotS-medium without phytohormones.

Tratamiento

2
3
4
5
6
7
8
9

10
II
12
13
14
15

Co-cultivo

br St + cSt
br St + c; Sm
br St + c Ach
br St
br Sm + cSt
br Sm + c Sm
br Sm + eAch
br Sm
br Ach + c Sl
br Ach + c Sm
br Ach T c Ach
br Ach
c Sl
c Sm
c Ach

Respuesta

St. desarrollo brote/St. callo sin rcspuestas
St. mucho desarrollo de brote/Sm. ca//o forma bruit'
St. desarrollo brote/Ach. sin respuesta
St. desarrollo brote (menor que tratamiento 2)

Sm. desarrollo brote/St. callo forma brolt'
Sm. desarrollo brotelSm. callo forma brolt'
Sm. desarrollo brote/Sm. callo sin rcspuesta
Sm. desarrollo brote (menor que tratamiento 5)

Ach. desarrollo brole/St. calla sin respue!>la
Ach. gran desarrollo brote/Sm. callo sin rcspuesta
Ach. desarrollo brore/Al:h. callo sin rcspuesta
Ach. desarrollo brote
SI. callo sin respucsta
Sm. calla sin respucsta
Ach. callo sin rcspuesta

Sl: So/anum tuherosum; Sm: Solanum muricmum; Ach: Actiniclia chiT/cnsi.\'.



Cinco especies frotales de importancia econo­
mica en Chile: Annona cherimola (chirimova).
Actinidia de/iciosa (kiwi). Carica pubescens
(papayo montaiies). Carica pentagona (baba­
co) y Solanum muricatltm (pepino de frota)
fueron estudiados en cuanto a su potencial re­
generativo bajo condiciones in ~·jtro. Para las
cinco especies indicadas se deterrninaron los
~ejores explantes. condiciones de cultivo y
n1veles hormonales conducentes a la induccion
de respuestas morfogenicas y de regeneraci6n
a plantas. Se logro inducir brotes adventicios
en kiwi a partir de callo; formaci6n directa de
brotes y de rakes en hipocotilos de chirimoya.
embrioides somaticos de microcallo originado
de suspensiones celulares e hipocotilos. forma­
cion de rakes en nudos y yemas axilares en
pepino. kiwi y babaco; todas morfogenesis
conducentes a plantulas.

RESUMEN

MICROPROPAGACION IN VITRO DE ALGt:NAS ESPECIES FRL'TALES

traves de un callo. si bien pueden tener una alta
lasa de regeneraci6n. deben ser sometidas a
mayor tiempo en subcultivo para iniciar. por
ej .. rakes. 10 cual demanda niveles hormona­
les ex6genos y end6genos opuestos a los reque­
ridos para la iniciaci6n de brotes. como es el
casu de A. cherimola. Esta especie tiende a
iniciar brotes. raramente rakes; 10 mismo re­
portan Nair et al. (1984). en explantes de hoja
de A. squamosa. En estacas de A. cherimola. la
capacidad rizogenica esta vinculada al grado
de lignificaci6n (Gardiazabal y Karelovic.
1985). 10 cual denota tam bien relaci6n con
niveles de compuestos fen61icos en los tejidos.
Finalmente. Carica penragona regenera con
mayor dificultad en relaci6n a 10 que describen
Cohen y Cooper (1982). siendo necesario mas
estudios. a fin de contar con sistelllas de repro­
ducci6n masiva para esta especie. El uso de
cultivos duales. ademas. ofrece nuevas poten­
cialidades para promover regeneracion. ya que
la presencia de algunos explantes en cultivo
condiciona la organogenesis de otros. en es-
pecial entre las especies de Solanaceas en·
sayadas.
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Regeneracion in vitro y aplicaciones a traves del
cultivo de celulas y tejidos vegetales

In vitro regeneration and applications of cell and tissue culture

M. JORDAN

Facultad de Ciencias Bio16gicas, P. Universidad Catolica de O1i1e, Casilla 114-D, Santiago, Otile.

Plant cells by means of their totipotency and aided by in vitro culture techniques can be
induced to perform morphogenesis leading to somatic embryoids and massive clonal mw­
triplication; microspores or pollen can be triggered to recover haploid plants, then characters
expressed 'ria haploidy can be selected and fixed. Protoplasts from different species can lead
to recombinations. We report here work done on Carica pubescens, where somatic embryoids
were obtained from cells; in Prunus avium androgenesis leading to pollen calli was triggered,
while plants were recovered from Nicotiana tabacum anthers. Fusion products were obtained
using C. pubescens and C. papaya protoplasts. leading up to calli and shoots.
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Bajo condiciones de cultivo in vitro, celulas
vegetales me ristematicas 0 diferenciadas
pueden ser inducidas a modificar sus pro­
gramas ontogenicos preestablecidos, inician­
do procesos de reembrionalizaci6n y de
regeneraci6n de plantas en fonna clonal,
masiva y rapida. La totipotencialidad indu­
cible en celulas y tejidos vegetales hace
factible aplicar diferentes biotecnologias
perrnitiendo, entre otras, la disponibilidad
de nuevo gerrnoplasma mediante la regene­
raci6n de plantas directamente a partir de
gametos (microsporas y/o megasporas); la
hibridizaci6n somatica, mediante la fusi6n
de celulas (intra 0 interespecies, frecuente­
mente incompatibles); la introducci6n de
ADN-foraneo y la selecci6n temprana
de material con caracteristicas deseables.
Mientras la regeneraci6n in vitro de plantas
a traves de polen (androgenesis) perrnite la
expresi6n de cambios 0 recombinaciones
producidas durante el crossing-over con la
generaci6n inmediata de material haploide
y la obtenci6n de sus respectivos diploides
homozigotos en una sola generaci6n, la
fusi6n somatica de protoplastos asume una
recombinacion genica nuclear y/o citoplas­
matica, permitiendo la obtencion de nuevos
genotipos no producibles en la naturaleza
por cruzamientos espontaneos 0 inducidos.
En la practica, ambas biotecnologias en­
tregan un gran potencial de regeneracion
de nuevas plantas de selecci6n y de ampli­
ficaci6n de genes vinculados con resisten-

cias, vigor y muchos otros caracteres desea­
bles, especialmente en cultivos (Naraya­
naswamy and George, 1982; George and
Sherrington, 1984; Gleba and Sytnik,
1984). En este trabajo se muestran poten­
cialidades regenerativas in vitro existen tes
en polen, suspensiones celulares y protoplas­
tos en especies del genero Prunus, Carica y
Nicotiana.

MATERIALES Y METODOS

Los estudios de desarrollo de microsporas se con­
dujeron eultivando anteras de Prunus avium,
Nicotiana tabacum y Carica pubescens. Se uso
preferencialmente el medio de Nitsch y Nitsch
(1969) incluyendo las fitohormonas ac. nafta­
lenacetico (ANA) en concentracion de 0,0-10,0
mg/l y de bencilaminopurina (BA) en rangos de
0,0-1,0 mg/l. Las anteras se sembraron en tubas
colocandolas previa esterilizacion en hipoclorito
comercial al 2'1'0 sobre un puente de papel croma­
togrMico Whatman NO I en contacto con el medio
nutritivo Hquido igualmente esterilizado en auto­
clave a 121 0 C por 20 minutos. Previo al cultivo
se detecto para cada especie el estadio de desarro­
llo del polen, mediante un macerado con orcefna
acetica 0 cortes histologicos, eligiendo la condi­
cion de microspora uninucleada por ser esta la
que presenta un mayor potencial morfogenico
in vitro en la mayoda de las especies estudiadas.

Para el cultivo de suspensiones celulares y de
protoplastos de las especies del genero Carica se
emple6 el mismo medio indicado anteriormente,
solidificando con agarosa al 0,4'1'0 usando com bi­
naciones de las hormonas ANA, BA, 2,4-D (2,4­
diclorofenoxiacetico), Z (zeatina) e IPA (isopen­
tiladenina), todos de la marca Sigma. Las celulas
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Y/o protoplastos fusionados se sembraron luego
en placas para lograr una densidad de 10· -105

c6lulas/ml aprox. En algunos tratamientos los
cultivos celulares se cultivaron paralelamente con
un explante de callo de aproximadamente 0,5
cm3 , colocando en el centro de la placa (tejido
nodriza) con el objeto de condicionar 0 gatillar
respuestas morfogemcas de las c61ulas en suspen­
si6n. Las c6lulas de C. pubescens se obtuvieron
por suspensi6n (agitador recfproco Eberbach,
40 golpes/min) de un callo derivado de hipocotilo
de 30 dias de formaci6n (no embriog6nico), mien­
tras que los protoplastos se derivaron de hojas de
plantas juveniles 0 adultas digeridas en presencia
de celuIua 2"" YMacerozyme 0,5"" en presencia de
manitol 0 sacarosa. En C. papaya tambi6n se ob­
tuvieron protoplastos a partir de callo (sin cloro­
plastos desarrollados) bajo las condiciones de
enzimas Y osm6ticos indicados antes. Alicuotas
de suspensiones de protoplastos de am bas especies
se mezclaron usando polietilenglicol Y se sembra­
ron en presencia de diferentes fitohormonas (Jor­
dan, 1986; Jordan e t ai., 1986).

RESULTADOS Y DISCUSI6N

Cultivo de microsporas/anteras

Las distintas etapas de desarrollo de las mi­
crosporas y su respuesta ante nive1es de
fitohormonas para N. tabacum, P. avium
y C. pubescens se ilustran en la Tabla I,
Fig. 1. Mientras p1antu1as de tabaco se ori­
ginaron directamente en varios tratamien­
tos hormonales (Fig. I f), respuestas de
formacion de callo en P. avium y C. pubes­
cens se lograron solo en concentraciones de
ANA y BA I mg/I, respectivamente. Cortes
histol6gicos mostraron fonnaci6n de polen
multicelular en polen de P avium con una

exina claramente visible (Fig. Ib), poste­
riormente desarrollo de agregados celulares
los cuales crecen desde el interior de las
tecas (Fig. Id) y emergen por la pared de
la antera para conformar un callo. En al­
gunos casos proliferaci6n de celulas de gran
tamafto con nucleos prominentes (Fig. Ic)
sugiriendo diferentes grados de ploidia fue­
ron frecuentes; en otras anteras, cuatro
conglomerados 0 callos independientes su­
ponen el origen de cuatro microsporas en
forma paralela (Fig. Ie). Un desarrollo pos­
terior no se observ6 por empardecimiento
tisular, debido al rnetabolismo fen6lico
oxidativo tipico de esta especie leftosa y
de otras especies arb6reas en general (Phan
and Letouze, 1983; Gaspar and Coumans,
1987). En el caso de C. pubescens, bajo
identicas condiciones de cultivo, se inici6
una abundante proliferaci6n de callo desde
el interior y exterior de las anteras a partir
de los 15 dias. A los 30 dias, sin mediar
subcultivo, se observ6 la formaci6n en em­
briones somaticos multiples en este callo,
distinguibles por su color verde. EI origen
de este calla y la ploidia de los embriones
aun debe ser confmnada.

Cultivo de celulas y protoplastos

Suspensiones celulares de C pubescens, de­
rivadas de un calla crecido por 30 dias en
un medio Nitsch y Nitsch con I mg/I de
ANA y BA, respectivamente, mostraron
alta capacidad organogenica sembradas en
diferentes tratamientos con fitohonnonas
(Tabla II).

TABLA I

Respuestas morfogenicas de microsporas de Nicotiana tabacum, PrufWS tlllium y Carica pubescens a partir
de cinco semanas de cultivo en medio segUn Nitsch y Nitsch (1969)

Fitohormonas (mg/l) Especies Anteras Anteras micrOBe. Respuestas
ANA BA sembradas examinadas morfogenicas

0,0 0,0 P.a. 870 45 Sin crecirniento.
0,1 0,1 P.a. 500 60 Sin crecirniento.
0,1 0,1 N.t. 460 14 p13ntulas.
1,0 0,0 P.a. 270 31 Sin crecirniento.
1,0 0,1 P.a. 550 60 Sin crecirniento.
1,0 1,0 P.a. 1.280 145 21 anteras con callo de

polen.
1,0 1,0 N.t. 120 4 pl3ntulas.
1.0 1,0 Cpo 110 2 con callo. realizando

embriogenesis mUltiple.

\0
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Fig. 1a: Grano de polen binuc1eado eon eelula vegetativa (centro) y ceIula generativa mas pequeiia (borde).
Fig. 1b: Grano de polen multieelular de P. avium en el interior de una antera mostrando desprendimiento de la exina
a las 4 semanas de eultivo.
Fig. 1c: Formaclon de callo de microspora dentro de las tecas eon eelulas y nuc1eos prominentes, despues de 7 semanas.
Fig. 1d: Callo emergiendo desde las anteras (region central) y granos de polen no androgenieos (base) en el interior de
una teca, despues de 8 semanas de cultivo.
Fig. Je: Cuatro callos en el interior de una teea eada uno originado de una mierospora; alrededor polen no androgemeo,
8-9 semanas de eultivo.
Fig. J l Plantula de tabaeo originada directamente de una microspora sin medial calla al cabo de 35 dias de cultivo.
Fig. Jg: Protoplastos aislados de C. papaya con proplastidios (derivada de un callo, izquierda) y de C. pubescens, con
c1oroplastidios, derivados del mesof1lo de hojas juveniles (derecha).
Fig. 1h: Fusion de protoplastos entre C. papaya (porci6n izquierda) y C. pubescens (porcion derecha).
Fig. Ji: Formacion de brotes en calla probablemente derivado de un producto de fusion protoplasmatica interespecies.
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TABLA II

. '-

Respuestas morfogenicas de suspensiones celulares de C pubescem en respuesta a diferentes fitohormonas y presencia
de calla nodrila despues de 80 dias de cultivo

Fitohormonas (mg/l) ClllIo nodrila Respuestas morfogenicas
ANA 2,4-0 BA Z IPA

0,1 S,O Colonias, microcallo.
0,1 0,1 Colonias, microcallo.
0,Q2 2,0 Microcallo, embiones somaticos.
a,s O,S Microcallo.
0,0 1,0 CalIo, embriones somaticos.
1,0 1,0 CalIo, embriones somliticos.
1,0 1,0 + CalIo, embriones somaticos.
1,0 0,2 + Embriones somaticos en tejido

nodrila, no en suspensiones.

De acuerdo a los resultados de la Tabla
II, cultivos celulares en C. pubescens pue­
den ser conducidos a la formacion de mi­
crocallo, embriones somaticos y, posterior­
mente, phintulas a traves de organogenesis
indirecta en cultivos individuales 0 usando
un tejido dual como nodriza. Mientras las
respuestas morfogenicas de celulas en sus­
pensi6n son facilmente inducibles en esta
especie, los productos de fusion de proto­
plastos entre C. pubescens y C. papaya
conducen s610 a la formacion de calla sin
regeneracion de plantulas. Aspectos de los
protoplastos aislados de ambas especies,
fusion, formacion de callo y brote se ob­
serva en la Fig. Ig, h, i; respectivamente.
En general, respuestas in vitro entre las di­
ferentes especies y explantes ensayadas de
las Caricaceas, son bastante apreciables
(Litz, 1984) igualmente es el caso entre
C. pubescens, C. pentagona, C. papaya y
C. chilensis (Jordan, 1989; Jordan, en pren­
sa). A pesar de ello, los eventos de aislacion
de protoplastos, fusion interespecifica y
los primeros estadios de desarrollo de un
microcallo pueden ser promovidos median­
te el uso de material juvenil, medios de
digestion y/0 de cultivos adecuados y la pre­
sencia de antibioticos. Eventualmente, con
el cocultivo de tejidos nodriza (callo alta­
mente embriogenico de C. pubescens), se
podrian gatillar respuestas morfogenicas
en productos de fusion de protoplastos en

hibridizaciones somllticas de otras combi­
naciones interespecificas entre Caricaceas.

En la Tabla III se muestran los mejores
resultados para la aislacion de protoplastos.
Mientras que la mas alta densidad se logra
en hojas juveniles, fueron la heterogeneidad
del tamano celular y el grado de diferencia­
cion existente en el calla los factores mas
limitantes para la concentracion final de
protoplastos a fusionar. Los resultados an­
teriores demuestran que aunque la regene­
racion a nivel celular por embriogenesis es
posible, el usa de protoplastos tiene mas
lirnitaciones de induccion morfogenica que
las mostradas por suspensiones 0 anteras;
en estas ultimas, la morfogenesis de micros­
poras puede ser promovida por el condicio­
namiento fisiologico 0 sustrato dado en el
lumen de la antera. En el caso de protoplas­
tos, varias causales, como son la total 0

parcial incompatibilidad genetica recombi­
nante de diferentes especies, problemas en
los procedimientos de aislacion y/0 reque­
rimientos nutritivos precursores de pared
mas especificos a los demandados por sus­
pensiones celulares son limitantes para
promover fusiones interespecificas y son
variables que debenin ser establecidas espe­
cificamente.

Se agradece a los proyectos DIVC 85/86,
FONDECYT NO 758/87 y 0699/89 y PSTC
grant NO 513-5542-G-SS-9067-Q0 del Pro­
grama A.I.D.
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TABLA III

Respuesta al aislamiento de protoplastos de hojas de material adulto y juvenil de C. pubescens
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Materia! vegetal Esterilizacion Solucion de digestion Condition dUJ'llDte Densidad Estado y apariencia
(Incluye enzimas) digestion (Hemacitometro)

Hoja juvenil Etanol 70% I' Medio MS (Modif.) Oscuridad TO ±27,72 Protoplastos esfericos,
NaO 10% 5' + 1,5 mJ Gentalyn 300 C, 25 hrs. 44,3 x 10" perfecto estado,

Sacarosa 20'llt abundantes.
500 rpm.

2,0 x 10"Hoja adulta Etanol70% l' Medio MS (Modif.) Oscuridad TO Baja densidad,
NaO 10% 5' + 1,5 mlGentalyn 300 ,25 hrs. muchos destruidos.

Sacarosa 20%
500 rpm.

3,5 x 104Callo de No se requiere Medio MS (Modif.) Oscuridad TO Protoplastos esfericos,
hipocotilo • + 1,5 ml Gentalyn 300 C perfecto estado, baja

Sacarosa 20'llt densidad.
100-300 rpm, 10'.

4,0 x 104Callo de No se requiere Medio MS (Modif.) Oscuridad TO Protoplastos esfericos,
peciolo + 1,5 ml Gentalyn 300 C perfecto estado, baja

Sacarosa 20'llt densidad.
100-300 rpm, 10'.

• Los callos de hipocotilo y de peciolo de C. pubescens 0 C. papaya crecieron en el medio de Nitsch que contenfa
1 mgJl de ANA y BA, respectivamente.
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pli1ntulas de papa cv. Bint je. - El regulador provoc6 fuerte
inhibici6n del ulterior crecimiento de las plantulas pero no
afect6 la tUberizaci6n, que se manifest6 luego que los
testigos comenzaran a hacerlo • - Se deduce que la aeci6n
del acido jasm6nieo estimulando tuberizaci6n es indirecta, a
traves de la inhibici6n del sistema radical, generador de
giberelinas end6genas que normalmente retardan aquella
manifestaci6n. (Tizio Y Goleniowski 1985; Abdala et al,
1992) 'c. '.,

-412-
ALTERHATIVAS DE HICROPROPAGACION Y TRAHSFORMACIOH EN DOS
ESPECIES DE SOI...AHACEAS AHDINAS. iIQrdl1n . tla.; Goreux , A. :
Velozo, J.: Obando, M. - Departamento de Ecologia, Facultad
de Ciencias Bio16gicas, Pontificia Universidad cat61ica de
Chile

Solanum muricatum (pepino) y cyphomandra betacea (tamarillo)
son dos especies frutales de gran potencial econ6mico debido
a la calidud de sus frutos. Sistemas de mUltiplicaci6n clonal
de material seleccionado son necesarios para establecer
futuras plantaciones de alta productividad. Oiferentes
respuestas regenerativas alcanzadas en estas especies se
detallan en este trabajo. Secciones nodales, yemas axilares y
explantes de hoja do S. muricatum son altamente organogenicos
in vitro; varios suplementos hormonales inducen brotes,
ra1ces y pl~ntulBs, sin requerimianto de subcultivo. La major
combinacion de fitohormonas para 18 organog~n13sis caulinar en
hojas y obtencion dE! p16ntulas fue 0.1 mgjl TDZ yO. 5 mg/l
IAA. Trabajos preliminares de transformacic'ln se iniciaroIl
tambi~n en lipices de embriones en germinac lon mediante e1
sistema del bombardeo de particulas, detectandose reacci6n de
B-glucuronidasa (GUS). ,
Regeneracion de plantas de C.betacea se obtiene en un 90% de
secciones nodales mediante inducci6n de raices y desarrollo
de 1a yema axilar preexistente en presencia de ANA, BA Y GAJ,
todas en concentracion de 0.2 mg/l. La formaci6n de mUltiples
brotes de novo se logro tambien en secciones de hojas
empleando TDZ ( 2.5 - 10 mg/1) reduciendose el pardeamiento
oxidativo bajo condiciones in vitro.
Se agradece el apoyo de la Ora. M.sticklen, Michigan state
University.

-413-
ORGANOGENESIS Y REGENERACION DE ALGUNAS CAlUCACEAS :IN VITRO.
Jordan. H,; Velozo, J.; Goreux, A,: Mujica, A.M.
Departamento de "Ecologia, Facultad de Ciencias Bio16gicas,
Pontificia Universidad Cat6lica de Chile.

Pracesos de regeneraci6n in vitro permiten masificar 1a
propagaci6n de clones y amp1ificar germoplasma elite.
Respuestas morfogenicas inducidas en celulas y tejidos de
tres especies frutales de Caricaceas se informan en este

'... ,.'



trabajo. En C. pUbescens (sin. c. candamarcensis),
embriogenesis somatica directa (ESO) y formaci6n de embriones
somaticos adventicios son obtenidos a partir de suspensiones
celulares derivadas de callo de origen meristematico en media
Nitsch (1969). Las suspensiones se realizaron en medio WPM
(1981) incluyendo manitol 3%, 2,4-0 1.1 mg/l y Z 0.4 mg/l por
72 horas en agitador a 100 rpm., posterior subcultiva sin
hormonas a 50 rpm,' durante 5 meses. Se evidenci6 tambien ES
indirecta de callo originado en medio Nitsch adicionando las
fitohormonas ANA 0.1 mg/l y BA 1 mg/l transcurridas 9
semanas. Resultados semejantes se' obtuvieron usando
inicialmente hipocotilos. En C. pentagona (babaco) 10,
neoformaci6n de brotes adventicios y estados proembrionales
se observ6 en lamina foliar promov1dos especificamente por
TDZ en WPM. Estas respuestas morfogenicas anteriores apayan
trabajos de fusi6n de pratoplastos iniciados en C.papaya.
Se ngradece e1 f inanciamiento otorgado por el Grant AID N·
513-5542-G-SS-9067-00

-414-
BULBIFlCACION (FORMACION DE CABEZAS) "IN VITRO" DE AJO TIPO
COLORADO Allium sBtivum L•• Deromedis, R.: Vega, C.; Verdes,
P. Laboratorio de Genetica y Biotecnolog1a Vegetal.
F.I.C.E.S - U.N. San Luis.

Allium satiyum L.· es una espe(:de de amp1ia difusi6n, que
presenta reproducci6n asexual.
La variabilidad genetica se ,puede obtener par medio del
cultivo "in vitro" de meristemas, con el agregado de 2,4-D,
induciendose variaci6n somaclonal.
La formaci6n de bulbos (cabezas), puede 0btenerse en
condiciones "in vitro" en medio 1iqu1do de Murashige y Skoog,
con el agregado de 50 gil de glucosa, previa vernalizaci6n de
los microbulbitos durante 15 d1as a 4" C.
A los seis meses de 10, brotaci6n comienza a formarse 10,
cabeza, previo un perfodo de 30 d1as a baja temperatura (7 a
8" C.) e iluminaci6n reducida (8 hs. a 1000 Lux). Al cabo de
10 a 11 meses de 10, brotaci6n de los microbulbitos se
obtuvieron pequenas cabezas, compuestas por 3 a 5 dientes,
constituyendo cada cabeza un cIon.
Con este trabajo se trata de com~letar las etapas de
obtenci6n de microbu1bitos a cabezas "1n vitro" con variaci6n
somac10na1, para asegurar posteriores trabajos de
mejoramiento genetico.

-415-
EVALUACIOH IN VITRO DE LA RESISTENCIA DE DIFERENTES PNrRONES
DE CEREZO (Prunus avium) Y DE VID (Vitis vinifera) AI.
NEMATODE Meloidogyne incognita. Gil de Rubio, F.: Del Toro,
M.S.: Castellanos, S. - cat. de Fruticultura y Laboratorio de
Nematologia, F.C.A., U.N.C.
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Pl'LICATIONS OF BIOTECHNOLOGY IN PALMS
. Paranjothy
l1J11 Oil Research Institute of Malaysia, No.6, Persiaran Institusi, 43650 B.
. Bangi, Selangor, Malaysia

The recalcitranee of most palms to simple horticultural methods of propagation
mbined with their economic importance have provided a strong impews for palm tissue
lture studies. Most swdies have aimed at clonal propagation and after nearly two decades of
iealt:h. the large-scale clonal propagation of oil palm and date-palm seem to have almost
JChed a stage ofpractical feasibility. Other palms that appear amenable to clonal propagation
-ough tissue culture include the sago palm and several rattan species. The large-scale
Jpagation of coconut remains elusive, despite sustained intensive effon by several research
Jups. Abnannalities often appear several years after field planting and it is necessary
:refore to develop early markers for these variants. This is best illustrated in oil palm clones
lere feminization in floral organs has been observed in almost all clones produced by tissue
lture. The scope for utilization of ancillary methods such as embryo culture and
lopreservation in palm improvement is real. particularly for oil palm. coconut and date-palm,
lere protocols for these methods are available. Regeneration from protoplasts remains
-ficult in oil palm and has not been explored in other palms seriously. Relatively unexplored
:::nues of palm improvement include haplogenesis and the use of somaclonal variants.
e applications of the tools of molecular biology are already evident in RFLP studies in
ation to somaclonal variation in oil palm. The scope for genetically engineered palms is well
:ognized and progyams aimed at altering oil composition have been initiated in oil palm.

ICROPROPAGATION OF SOME SUB-TROPICAL SPECIES.
iguel Jordan, FacuUad de Ciencias Biologicas, Pontificia Universidad Catolica

Chile, Casilla 114.D, Santiago, Chile, FAX 56·2·2225515

Little known species growing in sub-tropical areas may be imponant to open new
.rlcets; to this end, best quality cultivars are required. Well-known species and their germplasm
also susceptible to improvement Advances concerning the regeneration potential of several

:cies arc examined.
Among tree species, Annona cherimola (cherimoya) forms multiple de novo adventitious

>Ots in several types of explants tested; best results are found in nodal sections, internodes,
bryos and hypocotyls, opening the possibility for massive multiplication. Tissular browning
lId be controlled using soluble and insoluble polyvinylpynolidone (PVP). and other
ioxidant compounds. In POUleria lucuma. (lucumo) several explants show morphogeni
ential; multicellular pollen and supposedly androgenic embryos appear after low temperature
uction treannents; a few adventitious shoots originate from leaf sections.

Among herbaceous species, in Carica pubescens (a highland papaya) somatic embryos
.;c prcfcrently from hypocotyls; zygotic embryos give calli which originate embryoids in sub­
ture. In papaya.. anther culture generated androgenic embryos and somatic calli Cell
pensions and interspecific protoplast fusion with Carica papaya have been tried. Also, in
rica pubescens (Babaco) adventitious shoots are easily n:generated on leaf explants using high
lcentrations of cytokinins; cuttings can also be rooted. In another herbaceous fruit species,
anum rmuicarum (pcpino, sweet cucumber). it was possible to inscrl the GUS gene by means
:he biolistic particle delivery system in developing shoot tissues from gcnninaring seeds.
~tively, work is proceeding to transform plantlets using Agrobacrerium tumefaciens since
have seen regeneration from leaf explants in pepino. Several vegetative regeneration strategies
also possible for Solanum ruberosum (potato); as plants can be obtained from leaf sections, ..•
have started transformation work on Chilean clones with Agrobacrerium tumefaciens carrying
plasmid pGV 2260 coding for resistance to kanamycin and GUS. Virus-free selections are
) very imponant for this species. The vine Actinidia deliciosa (kiwi) is easy to regenerate in
-0; calli fonn on petioles and internodes, and differentiate into shoots, without sub-eulture.
:0, nodal sections or axillary buds show 100% rooting after 30 days.
~<I1owledgements: This research was supponed by PSTC Grant No. 513-5542-G-55-9067-OO from
U.S. AID Program of the State Deparnnent's Office of the Science Advisor, the Chilean National
ence CommissionIFondecyt Grant Nr. 0669/89, and PNUD (Project No.: DP/RLN 831OO3).
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ORGANOGENESIS AND REGENERATION OF SOME ANDEAN FRUIT SPECIES.
M. Jordan*, M. Obando, L, Iturriaga, A. Goreux and J. Velozo.
Department of Ecology, Pontificia Universidad Catolica de Chile,
Casilla 114-D, Santiago, Chile .

Lesser-known Andean species are of potential economic importance,
due to their fruit quality, flavor and vitamin content. The
regeneration of elite clones is required to establish standard
and consistently productive plantations. In vitro experiments on
different cultivars and ecotypes of three promising species were
conducted in our laboratory. Results have shown, for Annona
cherimola (cherimoya), primarily multiple shoots were formed
directly from hypocotyls, which showed strong polarity. Callus
fO~Jation also occurred in different explants, in spite of the
high oxidation rate shown by this species. Browning has been
strongly reduced by antioxidant supplements. Solanum muricatum
(pepino) shows great organogenic potential: leaves cultured with
different hormone supplements regenerate roots and shoots,
leading to plantlets in 33% of explants. No sUbculturing is
required. Preliminary results show that Cypomandra betacea
(tamarillo) axillary bud explants also show high regeneration
potential, forming shoots and roots. Recovery of plantlets of
these species under in vitro conditions is continuing in our
laboratory. Transformation research has also been started.

Acknowledgements. Partial support for this presentation was
provided by AID Grant 513-5541-G-SS-9067-00.
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EFECTO DE DARO MECANICO Y DE CALCIO EN LA
ACTIVACION DE LA VIA FEN I LPROPANOI DE EN
PLANTULAS DE LIMONERO. (Ettect ot mechanical
domage and ot calcium In the actIvation ot
the phenyl propenoid pathway In lemon
eeedlinge). Ceeteneda. P. Dep. de BIOq. y
Blol.Mol .. fec. Ce. Culm. y ferm .. U. de
Chile y Dep. Bioi .. Foc. Ce. Bae .. UMCE.
(Patroclnlo: L. M p'rezl

Une de lae Vlee metabOlicoe que ee
actlva en tejldoe veoetelee trente a dlteren­
te. eetlmulo•• ee Ie via tenllproponoide. La
prlmera reacclOn de 'eta. ee la deeamlnaciOn
de la L-fenllalanino a 6cido trone-Cln6mlco.
cotallzoda por la tenllalanlno amonio Iloeo
(PALl. Se han poetulado vorlO. po.lble•
• eoundo. man.ajaro. para la actlvaCIOn de
e.ta Via. entre ello. el calcl0.

See.tudl0 el atecto que tlene e: dano
mac6nlco y la lntluenc1a qUI tlenl eobre e.ta
ra.pueeta la adlcl0n de Ca~· en plantulae de
Ilmonero. Para ello ee cuantltlcO la
actlvldad de PAL a dlver.oe tlempo. deepu'e
del dano.

La r ••pueota de lao pl6ntulae de
l1monero trente a dano mec6nlCO tue blt'elca.
con m4~lmo. de actlvldad de PAL alae 4 y 8
horoa. Cuando .e adlclonO Ca'·· 10 uM. la
re.pueeta olgue la mlOme tendencla blt•• lca.
perc loe m6~lmoO ee de.plazeron alae 3 y ,
hora•.

Eoto. r.eultadoenoe permltenouoerlr Ie
pertlclpecl0n de Ca~- en Ie activaCl0n de la
via tenllpropanoldl. po.lblemente actuendo an
10 traneduccl0n de Ie .enal prlmerla.
Dlrl0ldo por L. M. P'rez. flnoncledo por
proyecto rONDECYT 91/0886.

~r~VA!(ABL[Copy
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FiEGEI·jEF<ACION IN VITFiD DE ALGUNAS ESF-ECIES
FFiUTALES ANDINAS. lIn wltro r~q.n.ratlon of
SD"'~ Hnd...n +'-1. 1 1 t SP~C)£I''iJ JorOi'n. ~ .• Oba~. :r'

~.. ~. A·.... Velo:o. J. ueDclrttlmentc de
Ecol~ol•• F~cultao OP C1PnCla~ ~lologlC~., p.
UnlverSlO.d C~tOllCi'.

A)gun~s .speC1P5 .ndln.~ CO"DC10.S @n merCAdos
rl~Clon.lps ~P'O §In proveCC10n Intern.clonal.
sun ~Clua...nte p.stl"'.a~s de ImporttlnCiA
~con6mlC~ ~.d~ la C~11d~d. ~.bo" y cont~nldo en
vlt~mln.s de Sus frutos. L~ regpnpracIOn m•• IVA
dp "'dter 1.) 5elE-CClCntlOO co,..,.e~pondlente •
v.rled.Oes y ecot)po~ es nec~~~"l. p.r. lnlClar
pl.nt.clone~ en gr_n escaJ~. En algun••
PSP~~I~SI QUe' mlle5t"~n lncompatlblllddd s~xu.).

l~ prOPtlQtl.CIon veQet~tlV. ~s l~ UnlLtl. forma d.
,·eqeonp"'-liIcl On. ~e InfO""'et ..c.rc~ de laa
re51Jlttldos CP. trlIC"'OP,.OP.g~cl0n pn t,..~ I!'SPI!l'(.I ••
• stllCII~(1dS etn nuest,.o I.Do,. .. tOI·lO: &.b.co
(C~, I Cit pen t .gond) • pu.OP st-r ,-eoenet' .do •
pC',. t I r et~ • hi c.1.e I. On C!I!' Drcte.. p.n ••CClon..1ii d.
l~~l.n~ fO'I.'", y medl.nte rl:og.n••15 d. Y.~••
.~ll.r•• v oeo tP5tdC... ~n pePlna (~
m!!LlcAtumJ, J.. reg(ll1erjlC10n Cle p'.nt •••• 10;,..
r.aplet ..",ent. • p ..rtJr de .PCCJanps nOel.I •• camo
t.~bl.n po,. org.nog.nWsl. de Drat... .n
p0,.Clon•• cJft l.lmln. 401,.,. h••ta un 33~ d. los
pwpl.nt.... Los r ••ult.aoji, Or t.",.rl110
(CyphomAngrA ~), a.mul!l'.t,..n Qu. Y••AS
tI::II.".~ .-IIOUtl) Que hOJ"''' pue-opn ,. ..o.n.,..,.
nuevas D"ot~. .avefltlclOli 'en un 9(1% a. 10.
ewpl.nte.) • InlCI." '-1:00.n•• l. c~nauc.nte •
p).ntA,". C.-dO PoJ .1 to pot.nel.l ",o~.og.nlCQ

.M'~t.nt. pn ••t.~ eBp.c'.~. h.n .,do In'CIAdos
t'·.b.)O. dr t'An.f~"mAC10n.

Sr Aor.d.c••1 4InAnclA""ento atargAda por AID
Cf'rov.cto B()(>7. PSTC (" ant No. ~1~-~~4:-G-SS­

<iub7-00), v .. 1 "pavo Of' I. Dr .... 1'1. StlcUen y
su orUQO, H1ChlQAn St.tP Unlv.~.lty p.r.
e+pctuAr .n_AYO. de tr.ne40r ••Cl0n en OWOlno.
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pl.AST11lOS ISTAIl IIfVOLUCRADOS III II. IllCAJ1JSIIO DB
IIIllUCCJOIl DII ~ ""1~1.\IUIIA ~IO 1.1ASA III CJu­
J~. IP1 •• tld. .re lnvolved 1" the ..chani•• of
phenylalanIne MII'Onl."ly.'. ln4uctlon 1n Citru. l.t-on).
Chlonq. ".. Pralo. H. Y P..... I..". o-plO. Bloqllll1Uco
y Blo1. "ol.""lar. roc. Ca. OUl,uc.. Y 'O""'C'lltICO•.
U. d. Chil•.

La tanil.lenlna -.ontO 11••• 'PAL) .8 inducida
por n\.&lfterOloa •• tl",u!ol. que lncluyen lUI blanca, luI.
ultraviolet., d.~o ~c'nlco. lnt.celon•• por pat6qenol,
entre otree. Aunque Ie hln clonado numerololl qen•• de
PAL y In.lll.do IU' prOfftOlor.l. •• desconocen aun los
eventOI Intr.c.l~l.r•• lnvolucradol en au activaci6n.

Ritamplclno y clor_f.nlcol. que inhiben
tran'CTipci6n y traducci6n en 'l't..... ' procari6ticos y
orQ.ne.L.re" ••1 como .1 f .-."'.n1t1n. Y clcloheximid.
aon capecel de lnhiblr le lnduccion de PAL en plintule.
de IllftOnerO I CJ.cru:f l.l"",nJ J.noculedo. J.n vitro con
A.Jcern.rJ. .Jc.rn.c.. Se obtUY1erOn plintule. de
IlJftOnero completamente et1oled... qenunando .emille.
de lim6n en pre.encia del herb1.cida Norf luoralon 0

clor.mfenicol Y cultivando la, plintula. bajo lUI

blanca cont1nue (2000 lux). euendo elte. plintul•••on
1noeulada. con A• • ltern.t •• ella. Ion l.ncapace. de
lnduclr PAL.

Callo. obt.nidoa de hlpocotiloa de pljntulo. de
limonero. inducen la PAL trente I da~o mecinico en una
clnetica de 2 fftJuClMOS. El prlffler m"x1JnO, 10 hora,
po,t-da~o. se inhibi6 can cloramten1col. rlfamplclna y
ciclohexlmida. En camtuo. el ,equndo maX1mo. 20 hora,
post-dano, ,e Inhibi6 con cloramtenicol Y rlfamp1clna,
pero no con alta-am.nitina nl con clcloheXlmld•.

Bstos experlmentol suq1eren 1. partlclpaci6n de
cloropl.sto, en 10' evento, Intr.ce1ul.re, de Induccion
de la PAL en CJCru:t JJlItOn.
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PIIOOUCCION DI PLAJn'AS TIWlSOUICAa 01 PAPA (:lQL6IllII
DlRQOSII!lI Y 13PAIl&AOO (A:\PAlAGl" OlllCllIA.l.ID) YIA
AQlORACIQIUJI t\IJIIPACllIlS. (Tron••enlc prodllCtiOD of
potat.o (:lll!.IIIIIa lllberollll) and upar&Jr\l. (Alane...
offlclO.llll plant."l. A'robaclcrllli ~~).
OUeer. P., glltltrru. A, (Polroclnlo: J~. X.l
Pro.r_a II IcroproPACec16n Ye.ctal, PaCllllad de
A. ronol Ia J CI.ncl.. 81016.icu, Pontlflcla
Unl.eraldad Cet61lca de Chll •.

EI flto..jorulento tradlcional ...,.. la
obtencl6n de .araedade....joradu de plant.. oe ha
.enldo practlcaDdo de.~. que coaenl6 1•••ricllltllra.
Sin _bar.o, tela ba lido UIllado por 1.0 barr.raa
fllocenttlcea que eat in ilpllcitu an eeto
letodolo.la. A lr..h de 10 In.enlerl. Gentllc. 7
uti U lando el potencial que ofrcce el culti.o .i.r 1llJ:2
pode.a. IOlrar eon ..yor rapidel lntroducir
car.ctert.ticu de 1.portancia .,ron6.1ca en Joe
cllithoa.

II objetlyo d. nte traba,lo lu. el obtener
tranaforaaet6n eetable de plant.. d. pap. 1:llUAmll
tybcroillel 7 up.arr'co (AIPVUII. offlcID.lle) .Ia
A'rgbACtcrlul tYaerl,1,0•.

Para ,.to ae infect.ron rxplanle. pro9enlent••
de cultho iII tl1LlI de o.tu planl.. con un. cep.a de
6. lYlCf"icoa portador. del pl..lido p81 121. hle
pl .... ido conti ..ne loa ,ene. de 1. Deolicina
foafotranaferua Que canfiere reaiate-ncie a Kana.aicina
y de la 8-.IIlCllronidaaa IGUS).

Lu plant... lran.for.&d.. af> .eleccloDaron en
Icdio de re,eneraci6n que cODllen. '-an...1c10a '1 .~

detecl6 .ctl.ldad Gil. ·por enuyo hlotoqullico.
Aclu.l.ent~ .~ intenta introducir reliatencla a

bact~rla. en eatae eepeClel util,~ando e.la
lelodolo.ia.

1
Ii

rlnoncudo por rONOECYT 90-00bb Oepanomento de
poot-qrado Y Po,titulo. U. de Ch,le PC 009-92 1M.

Chlonql y rONDECYT 91-088b 11..". Perez).

(FINASCIAMIENTO PROYECTO DIUC NQ 9107 E)
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Tuesday, 31 Karch - Wednesday, 1 April 1992

Arrivals in San Jose and grantee review sessions

wednesday-April 1 - aorninq

09:00-12:00 Grantee review sessions

9:00
9:30

10:00
10:30
11:00
11:30

10.139
9.396

12.303
7.340
9.174
9.395

Oduro/Furtek
Tabora/Balick
Janick/Figueira/Enrique
Vega de Rojas/Kitto
Suarez/Purdy
Molina/Strobel

Wednesday-April 1 - afternoon

Travel to Escuela de Agricultura de la Region Tropical Hurneda

wednesday-April 1 - eveninq

18:00 Dinner

20:00 Reception
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IN VITRO PROPAGATION AND IMPROVEMENT OF ~RUIT SPECIES WITH
ECONOMIC POTENTIAL ~OR SEMI-ARID ZONES.

AID Gri\nt NQ 513-~~J-t':'-G-SS-'~('67-(l(l

Coordinator: Dr. Miguel Jordan, Chile

Hithin the fra»euork of this proJect~ different »icropropagatio~

strategies are researched to be applied to several se.i-arid
fruit species of econo»ic i.portance; Cheri.oya (Annona
cheri.ola), Lucuaa (Pauteria lucu.a> and highland Papayas (Carica
eubescens) as uell as (C. pentagona) Babaco. To this e»d~

several protocols have been developed and tested and .ost
.orphogeneses lead to plantlets. Results uere checked via
histological observation, in different types of expJants of the
species under study. A.ong - the best responses.~ it ",as possU·)e
to regenerate plantlets fro••eriste.s, shoot-tips, petioles and
e.bryos in lucu_a: to induce adventitious shoots directly fro.
che~' illloya and papaya hyp,:>,:,:>tyl s a_'- u€ll as fr,:>_ papaya and t·at·a·:,:>
leaves. Studl€S concernin9 brounin9 .etaholis. are also CCs"l~~

out t·y _eans af a~diticn of antio,idants in vitr0.

Nc.dal se.:ti.:.rts, intE'rnc.des and ::ygc.tic e-lTtt.ry':·s c·f Hnn,:.r.",
chl?r ion.:·l '" were cuI t ivatt.>c1 i!l ~l..i!..i: ir, s(.. ver ".1 ~hyt··.·I ..-r'lTt.:,rlE?
.:.:.mblni\t i.:.ns t.:. tr igger m.:.rph.:.genesis. Dc: n.:.v·:, ITI\.L t l~) l::" =.r,,:,,:.t
f,:.rmati.:.n was the mc.st CC'lTIm.:,n resp.:,nse. Va,'lC'uS itr.tl':·'flditnt
.:.:.mp':,urlds, SPt?:l.:..lly PVP, as.:c.rCl': a':l~ an," .;;lLlt",tr.l':"-'': e'",r,,,,n.:ed
this e11e,:t and reduced br.:.".mlng. while DIECA. cystelne- and
citri.: a,:id were r•.:.t effectlve In the cc.n.:erltr ... tl.:.nc:: tested.
Cc,mbinatic.ns ,.f F'VF' with casein hydr,:.lysate in prE'Sfrr,,:r· cd N;'':'
0.5 mgtl plus BA :.0 mg/l were the best blends to promote shoot
1...,rlTl~tic.n artC Y1E-lded tr.e highe>st r'LIlTlbCI .:,f st,':•.;.t~;-~ (""; le-,I.t..
The use .:', ':;e-ll'lte, s,:,rtoltc.l and F'VF' \01.;1; benefi,:ial, prever,tlng
br.:.wning and pr.:.n,,-,tlrog grc.wtt-, and/e'r mo:.rph':'c.?€·,,"·c:i'r.

In F".:.uteria ILI':UtT,;, plar,tlets wr~(tJ 11,,:.re fre-qL'er,tly re·:('V£·lt·j fr.:.,'.
1T"'?i"istem~, srt,:,,:,t tlPS, petlc,les and err,bry·:·s; thE'S£.' e,.~,lc<rlt:;

sh.:.wed high mc,rph,:.genE'ti,: Clbility. Be-=.t respc.rt!;,E:-S we-,-e a,:tlle-,,~<J

an,-: dire-ct re...-,t f,:.rmation was c.btained fl"c.m she,c,t tips cd
seedlinQs orown in WPM with NAA + BA + a~tivated charcoal.
Axillary b~ds develc,ped on nodal sectic'ns. Alsc" c,r.l)' It-cd
explants atta~hed to petioles (basal end) of Juvenile materlal
derived from seedlinqs formed shoots and roots from calli
originating at the petiole, follo\oling subculture in presence of
TDZ, NAA and organic addenda. Soluble PVP and PVPP proved b:. t.~·

the best to reduce browning. Androgenic embryoids were also
obtained from anthers.

In Carica pubescens and Carica pentagona, rooting of shoot-tips
or cuttings was indueed by inmersing in a BA solution during 24
hours. Then, several shoots were observed sprouting from e-ach
cutting, espe~ially in the upper part; these shoots were
subcultured in vitro for rooting, as regular shoot tip culture.
In this way, 1':1/. r,:,,:,ted plantlet= were .:.btained using WPM-medium

BEST AVAILABLE COpy
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in combination with NAA, BA, and GA3, Dr without giberellin, but
root formation was scarce.

In babaco, 141. rooting was obtained, as well as development of
axillary buds, when 10 cm long cuttings, with basal leaves
remclved, were sc,ake.-d in an lElA s.:.lutic.n and then mantairled in ta~

water for one month in greenhouse conditions. Axillary buds also
dEveloped on nodal ~ections.

Multifactorial experiments to induce morphogenesis from leav~~

for ~. pubeseens showed scarce results when u~ing TDZ and NAA,
however better responses were found in leaves of babaco which
wer~ at-Ie t,:, regenerate shoots. Althc,ugh t~le whole l~af loses
chlorophyll, new shoots were entirely green. Multicellular
pollen and androgenic embryoids were also detected after anther
cultur~ in papaya.

The following table summarizes the morphogenic events obtained in
Lucuma, Cherimoya and Papaya explants.

Explant

Anthers
(IT,l': r c,spe,r C=~)

Leaves

N·:,dal
se,: t i ,:,n s

Intern,:,des

Fer i ': ar p

Zygotic
embr YCtS

Hipocotyls/
Ep i.:,:.t yl s

Cuttings

*single events

Lucuma

And,. ':tgen i ':
en.t..ryos, calli

Sh Ctot s , calli *

Sh':'C·t s cUid
F'c,,:,t s

Ph i =c'genes i s

Callus

Adventitious
embrycts

Multiple
sht:tCtt S

No r espc,nse

Cher ime.ya

St:tmat io: cell s
pre,l i fer at ic,r,

Calli

MI.l 1 tip 1e
shc,ots.

Multiple
sll·:..:,t s

Multiple
~hc,cltsand
calli

Shc.ot s,
Calli

Multiple
shoc.ts

No response

Papaya

Andr ,:.ogen i 0:

emb r >' r.,~

('MIl i , ~t.C'Clt s
i n Ba 0 ~ ': ':' ~.

Fa~.c.)'a"

'= all i

Bud sprouting
C.",l 1 i

Calli and
Somatic
emb,·y':'s

Calli and
~mt..ryos.

Calli and
sc.mat i ':
embryos

Calli and
s':lmat i c
embryos

Roots
Bc,th Car icas

\:ZJ--



VICERRECTORIA ACADEMICA

.. ",,; ....

!'. -:"~. r_f
~. '.



la flora melifera que las abejas pueden utilizar como fuente de polen y nectar. Esta dependiencia es
limitada y temporal si la flora esta representada por cultivos, surgiendo como alternativa de gran
proyecci6n las comunidades de flora nativa. Dado que las abejas son selectivas, la tactibilidad de
emprender una producci6n sostenida depende del conocimiento de los periOdos de f1oraci6n de la
flora melffera dellugar. EI objetivo del proyecto es detectar las especies vegetales nativas utilizadas
por lasabejas mehierascomo fuente dealimento, a travesdel reconocimientoespeciticode los granos
de polen que recolectan ydeaquellos presentesenel nectar acumuladoen lasceldillas. La especitidad
del polen permite este diagn6stico utilizando la tecnJca de Microscopia Electr6nica de Barrido.
Construyendo los calendarios pohnicos y nectariteros de distintos puntos geograticos se podra im­
plementar una red tenol6gica nacional de especies meliieras.

La existencia en Chile de comunidades vegetales de distinta diversidad especitica y actividad
fenol6gica a 10 lar~o de gradlentes latitudinaies y altitudinal detennina la posibilidad de utihzar la~

especies melfieras en periOdos distintos del ailO (transhumancia con panales no 5010 a cultivos sino
que a zonas de vegetaci6n nativa) 10 que lleva a maximizar la utilizaci6n de los recursos naturales v
en consecuencia aumentar la producci6n de la activldad apicola. .

Proyecto Fondecyt 199/88

MULTIPLICACION EN VITRO DE ESPEOES FRUTALES DE IMPORTANCIA
ECONOMICA PARA ZONAS SEMI·ARIDAS

M. Jordan, M.L. Gonzalez, A Goreux, L lrurnap;a. G. Montenegro. AM. Mujica, C. Roveraro,
B. Tesser, M.P. Valenzuela, J. Velozo, Departamento de Ecologia, Facultad de Clencias Blol6glcas

P. Universidad Cat61Jca de Chile.

En este proyectoseestudian las potencialidadesdemicropropagaci6n de tres trutalesde zonas semi­
aridas: chirimoya (Annona cherimola), lucuma (Powteria lwcwma) y papaya (Carica pwbescens), de
gran importancia econ6mica para Chile.

Estas tres especies frutales, de un alto valor econ6mico y potencial de exportaci6n, corresponden a
cultivos muy productivos y rentables en diferentes localidades a 10 largo del pais, que cuentan con
climascarentesde temperaturasextremas. En Chile existen para cada una deestasespeciesdiversos
ecotipos, selecciones, clones 0 variedades locales cuyas caracteristicas pueden ser de interes para
futuros programasde mejoramiento, selecci6n y producci6n expansiva. La posibilidad de lograruna
multiplicaci6n de estos indivlduos elite, tijando las mejores caracteristicas geneticas; conducentes a
la obtenci6n de material mas productivo, resistente a entermedades v adaptado a condiciones de
bajas temperaturas, requierencontarcon sistemas de regeneraci6n asexual, rapidos ymasivos. Estas
tres especies que prescntan diferentes respuestas morfogenicas, han podido ser inducidas bajo
condiciones in Vitro, destacandose; la inducci6n de embriones somaticos multiples y plantulas
derivadas de tejido no organizados totipotentes, a partir de explantes de hipocotilo, embriones y
pericarpio, la inducci6n de novo de brotes endiferentesorganos, la generaciondeembrioidesa partir
de polen mediante cultivo de anteras, la regeneracion a partir de ho,as, el establecimiento de
suspensiones celulares y la obtenci6n de algunos estadios derivados de la fusi6n de protoplastos
interespecie, aun de capacidad morfogenica limitada.

Financiamiento: AID NQ 8007, PSTC-Grant NQ 513-5542-G-S5-9067, Fondecyt NQ 0669/89

FLAVONOIDES COMO ESTABILIZANTES DE ACEITE DE PESCADO.
UNA ALTERNATIVA AL usa DE ANTIOXIDANTES SINTETICOS

F. Leighton, L.A Loyola', G. Morales', J. Sanhueza", A. Garrido",
C. Skorin, F..50lis de Ovando, C. Necochea, A Valenzuela"

P. Universidad Cat61Jca de Chile • Uruversidad de Antofagasta "1 NTA, Univer.ndad de Chile

Los Flavonoides constituyen una gran familia de compuestos naturales. Entre sus propiedades des­
tacan: una alta atinidad en la uni6n a polimeros biolOgicos e iones de metales pesados; el catalizar
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BOTAN1CA, ECOLOGIA Y ZOOLOGIA
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CULTIVO • IN VITRO· OE Euphorbia lactlflua Phi~

EUPHORBIACEAE.

(In vitro cultura of Euphorbia lactlflua Phil.
EUPHORBIACEAEI.

Mancinelli P.·, Gnecco, S., Pooley, A., Ca.aano
v. " aaratto, v.

Oepart ••• nto d. 8otlnic. y Oeparta•• nto de Ou!­
.ica. Univ.raldad da Conc.pc16n.

E. lactlflua,-Lachero· produce latex que con­
~i.ne terpeno. auy lnter••ant•• , actual••nte
bajo lnvaatlq.cI6n. Co.o la planta crac~ .n la
III Raq16n, p.rac. adacuado utllizar al cultl­
va d. t.jldo•• para .ultlpllcarla y aatudl.r
.u co.po.lc16n.

Eaplanta. foliaraa da E. lactillua, r.col.cta­
dOl cere. d. Caldera, III Re9i6n, tor•• ron ca­
lla••1 culti.arloa an M.dio Mura.hlqa/Skooq
con bancila.ino purina, ~cldG nattalanac'tlco
y eib.r.Una (0.5, 1.5 y. 1.0 .q 1-1). Lo. ca­
1101 direr.ne1.ron y•••• d. 101 .1 ••01 requla­
dor•• p.ro a dlatlnta concantraci6n (1.5, O.S
Y 1. 0 .q 1-1) •

'l'ntul •• darlvadaa da 1•• y•••• lor.aron r.r­
c •• al lncubarl •• con 'cido lndolbutlrlco[ car
b6n actlvado y .acaro.a (2.q I-I, 10 q 1- Y
15 q I-I), ra.pactiva.anta.
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A£SPUESTAS ANOROGENICAS EN ANTERAS DE lUCU~A (Pout~rla

lucuma), PAPAYA (C.rtc. pUbesc~ns) YCHIRIMOYA~
~mol.). (Androqenlc potential of lucuma (PouterT'.J
lucumal, P'P.y. (Carfc. SUb~sc~ns) and ch~rlmaJa TAnno­
~rlmol.) .nt~ord3n, M., V.lenzu~l., M.~
OY.nedel. P. Dep.rtl~nto d~ Ecoloqla, Facultad de Cten
ellS BlolOqlc.s, Pontlflcll Untv~rstdad CatOllc. de ChT
Ie. Aventda lfb~rt.dor B. O'HIgqlns 340, S.ntl.go, Chl=
Ie.

En un. serie de ~specles h~rb~ceas y le~sas, medl.n
t~ un proceso d~ InducclOn In VItro, ha sldo poslbl~ me
dlflcar 1. ontog~nl. normal de la micro~sporog~nesls ­
conducente a I. formac16n de polen en ant~ras y r~pro­

gramando alt~rnatlva~nt~ la morfogEnes!s dlr~ta d~ em
brlones. Por su natur.leza androqenlca estos embrlones­
orlglnados de aicroSPOras son de c.racter haplofde 10
qu~ p~nnit~ la diploidlzacl0n post~rior de ~ste mat~rfal

y I. obtencfOn de pllntas homocfgotas dlploldes. Asumlen
do que c.da pI Int. ~~ner.da, hija de pol~n, ha sufrldo
I.s r~ombinaciones del crossing-ov~r durante la mfcro­
~sporogenesis la v.ri.bflfdad de pl.ntas que es POsible
Obt~n~r por esta vIa reg~neratlva pennlte la producciOn
y selecciOn r~pida de material para ~studios genetlcos
y d~ cruz ami ~ntos.

Se pr~s~ntan los primeros resultados de r~spuestas

• ndrogEnicas en ~stas ~sp~i~s frutales de importancla
~onOmica qU~ POsibilitan conducir estudios futuros ha
cfa la s~l~ciOn y caracterizaciOn de plantas ~s tole
rantes a bajas temper4turas, la caract~rizaciOn de for
mas s~xual~s y la id~ntificaciOn de genmop)asma. ~otT
pos 0 vari eclades. -

S~ aqradec~ el flnanciamiento otorgado por AID a tr!
YEs del Proy~to 8007, PSTC Grant N° 513·5542-G-SS­
9067.00 a M. Jord~n.
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ISTUDIO PARA !TALUAR IL USO BIOTICIOLOGICO 01
DOS ISTIRPIS 01 CIAJIlOBACTIRIAS UTI9&S OIL
IORTI DI CBILI.(Study to ••••sa the
blot.chnol081c.l ua. or two n.tlv. atr.lna or
cyanob.ct.rl. trOD north.rn Chl1e ).
Oliyaro3 H 00poz-Sllya B Holra I ~
H- X OgDZ,loI J.Inatltuto d. Deaierto y
Pacult.d C•. d. 1. Salud, U. do Antor..aata.

AllUno. ou.rpo. d...u. oontinant.l.. d.l
D••l.rto da Ataca.a en Chl1••on habit.t. 00­
loniz.do. par .icroor.ani••o. toto.int6tioo.
.daptado•• or.c.r .n oondioion....bi.nt.l••
.xtr•••• r.pr••antando a.l r.cur.o. natur.l••
naca.ario. d. ..r •• tudiado•. I.t. tr.baJo
Intor•• • obr. do. o.pa. d. ol.nob.ot.ri•• d.
1. r ••16n norte oon int.ra.anta. proy.ooion••
biot.cno16.io•• : NostoD .p. ( Ll.ita) 0080
tuant. nutriti.. y Nicrocystis .p.(Chiuchlu)
00.0 produotor d. ooapu••to. oon actividad
ant1 -T. cruel.
Ai.lasi.nto y purltleao16n d. la. do. al­
oro.l... .n •• t •••tudio.a r ••1izaron d.
aou.rdo • Rlpk. ("athod. In Inzyaol. Vol.187,
1988). Obt.nci6n d. axtraoto. can dlrar.nt••
.olv.nt•• y .u ••alu.ci6n .n .ctividad anti­
T.cruei •• 11••6 • o.bo ooao 10 d••crib.n
Gonz41.. y 001.( Phyt. R••.• : 1-•. 1990 ).
11 produoto ••00 qua •••xp.nd. para oon.u­
ao huaano.n Arloa tu6 r.activado .n al
labor.torio y ••t4 oon.tltuldo •••ncl.1••nt.
por un. a.tlrp. d. 1. olanobaot.ria Noatoc .p
tl1...ntoa. con .bundant.. h.t.rooi.to•. Ba­
tr.oto. obt.nldo oon .o.t.to d••tllo. 6t.r y
a.tanol • p.rtlr d. Nicrooysti••p. (ai.­
lado d. 1. l-.una Chluohiu,II R••16n) au••­
tran .ot1Yld.d ant1-T. oruli d. HI, 881, y
~81, r ••p.oti ••••nt•. Co.po.loi6n .ol.oul.r ,
oondioion•• d. oultlvo a. dl.out.n.

330
REGENERACION IN VITRO DE NOTHOFAGUS ALPINA. (In vItro
reg~n~ratlon of Nothofagus alpanal Velozo, J .• Sanchez,
P. Depto. Ecoloqfa, FtCultld e Clencm BTolOgtcu,
~.. Unlv~rslclad C.tOllc. de Chl1~.

El rlulf, Nothofagus alPloa. ~s una ~sP~I~ ~nd~lca
que se ~cu~ntr. entre los 0 a BOO m.s.n.m. en la Cor
diller. d~ los Andes y la Costa, d~sd~ 11 VII hasta la­
I RegiOn. Dlclas sus Clr.ct~rfstlcas estructural~s s~ pr~

S~tl cone unl d~ las especl~s natlvas mls vallosas pa-­
r. la Industrl' ..d~rera. Encontr~ndos~ sus poblaclones
natural~s auy degrlcladas, su r~cup~r.cl6n ~s un Imp~ra­

tlvo ecol6glco; programas de reforestaciOn con mat~rial

genftfc.mente ~jorado ofrecen p~rspectlvas promlsorfas
par. una ~xplotlcfOn raclonal futura. En ~sta ~rsp~tj

va. fu~ron realiz.dos ensayos d~ microprop.qacl6n In VI
tro, USlndo expllntes d~ mat~rfal juv~nll de 2 a~os. Se
~valuaron condiciones y medios d~ cultivo como dfv~rsos

tlPOs y nfv~l~s de fitohonmonas. A partir de s~cciones

de la",in. fol1ar. fu~ posible la fonnaclOn directa d~

brot~s tr.nscurrldos 60 dl.s de cultfvo. prevIa lncuba­
ciOn ~n oscurldad. EI medio WPM fu~ ~1 ft4s .decuado u·
s.ndo cltocfnin.s sol as 0 en combinacion~s con auxinas.

En secclones nod.l~s s~ loqrO induclr organoqen~sis

lndirecta de brutes a partir d~ callo y paralelamente.
crecimiento d~ yemas axi lares y brot~s nUltiples .

M~dlant~ subcultfvo fu~ posibl~ indueir rlzog~n~sis

~n los brut~s u,ando m~dlos d~ cultlvo simi lares con nl
vel~s cr~ci~ntes de .uxinas. FormaciOn ~ ralces s~ 10:
grO tambl~n micr~stacas a los 35 dlas de incubaci6n en
condlcion~s selll~j.ntes. Sobre la bas~ del pot~nclal mar
fogEnico de ~sta especie. es facttble I. aplicaci6n de
~sta t~cnoloqla para la producci6n de plantas en progr!
mas d~ mejorami~nto.

Conv~io PUC/Bfoforest ltda. (Patroclnio Or. M.
Jord~n) .

\ ...
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POTENCIALIDADES MORFOGENICAS Y MULTIPLICACION IN
VITRO DE TRES ESPECIES FRUTALES DE IMPORTANCIA E
CONOHICA PARA ZONAS SEHI-ARIDAS EN CHILE. -

~ ... Jord&n. M., Valenzuela. M.P.i Yelozo, J •• Oyanedel.
E., S4nchez, P. y Montenegro, G. Departamento de E
cologfa, Factiltad de Ciencias Bio16gicas, Pontifi~
cia Universidad 'Cat6lica de Chile, roameda Bernar­
do O'Higgins 340, Santiago, Chile.

Tres especies frutales poco conocidas en merca­
dos internacionales y de gran importancia econ6mi­
ca en zonas semi-iridas: Chirimoya (Annona cherim~

la), Lucuma (Pouteria lucuma) y Papayo Montanes (C~
,rica pubescens), fueron estudiadas para evaluar er­
potenclal regenerativo 'de diversos explantes culti-""- .. vados bajo condiciones in vitro. Diferentes respues

! tas morfog~nicas son induciblesi de entre ellas las
~ m~s relevantes so~ la neoformaci6n de embriones so­
• m~t1cos multiples con generaci6n de plintulas a par

I
i, tir de tejido no organizado totipotente (callo), hi
'. pocotilo, embriones y pericarpioi la inducci6n di~
. recta de brotes a partir de l~mina foliar, la dffe-

- ~: renciaci6n de embrioides a partir de polen (androg~* nesis), la formaci6n de embriones som4ticos en sus7
pensiones celulares y la inducci6n de algunos esta­

~ dios de fusi6n interespecffica de protoplastos, en­
l!',' tre otras morfogt!nesis expresadas in vitro. Dado

que en el pafs existen para cada especie diversos er cotipos, selecciones locales, clones 0 variedades ­
;" cuyas caracterfstic~s pueden ser de interE!s en futu
~ ros. programas de mejoramiento, la .ap11cac16n de ­
~ sistemas de regenerac16n asexual 0 gametoclonal r&­or, pidos y masivos permitirfan f1jar y amp11f1car las
,E. mejores caracterfst1cas genE!t1cas de 1ndividuos eli
I: teo .
!, Se agradece el financiamiento otorgado por AID
i.',:. al Proyecto N° 8007, PSTC-Grant N° 513-5542-G-SS­

9067-00 y FONDECYT Proyecto 0669/89 a Miguel Jordin
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12
EXTRACCION DE N. P Y K POR ALGUNAS MALEZAS COMUNES EN HUERTOS FRUTALES.

M R
· ,

• Y 0 as •
a grarlas y Forestales. Casilla 1004-Santiago.

123

Las malezas compiten con el crecimlento de los arboles frutales por luz, agua y elementos
mlnerales. La cuanti ficaci6n del grado de competencia es di flci I, ya Que depende de las
especles de malezas su densidad y la ferti I idad del suelo, entre otros. Con la final idad
de cuantificar las cantidades de macroelementos Que consumen algunas malezas comunes en los
huertos de nuestro pals, se dise~6 un proyecto de investlgaci6n, con finanClamiento FONOE­
CYT. En una prlmera etapa se pudo establecer Que el consumo de Nitr6geno, F6sforo y Potasio
por parte de Sorghum halepense. Cynodon dactvlon. Bidens aurea y Echinocloa crusCalli.
conSlderando una Inrestacl6n Inlcial de 4 pllm2, 1a e"XtrmIOrlTTuctuaba segun la ma eza y
fertilldad del suelo entre 30-250 u de N,4-36 u de P y 28 a 466 u de K.

42
CASTA.~OS : AI.TER~ATIVA FRUTAL PARA LA ZO~A CE.'iTRO SUR DE CHILE

.- I 2
An~ellea Salvaticrra G. y Jor~c Valcnzuela B.
(1) E~tae16n ~xpcr1mcntal Qul1am~pu (I~IA), Ca~llla 426. Chllljn; (2) E9tae16n E~pet1men­

tal La Plat1n~ (INIA), Santla~o.

Durante la tcmporada 1989 He ln1ei6 una prospceei6n de la~ jreuH productoras de eastanas
en 13 VIII RcA16n. pr1nclpalmente en la9 zonas de precordillera. Las eomun~s ~on P1nto.
El C~rmen, QUllleco y Antueo.
EI obJctlvo c~ 1.1 llliHqucd;\ .Ie InJivlJuoH que pr":Icnten hu,·n..lll car.lcter(:lticIIH, LoiS prin­
cipalc" earactcr{:ltlcaH cunHld"r;ul.I" i""rlln t.IIIl"IIO y tablc"ct.~n .1,,1 truto Y I'rnductlvIJ;IJ.
L~~ plolntaclones ~clleralmente Hlln d,' pl.ll1taPl .'ril:ll1aJ~ltl de .,·mlll.ltl. I..,s IUIl·n". existen­
teH "n la rClll.1n Non .1ntll:u"", 1:,·lIer., Imellt " nu ,·lIt.lll Humet lJ",. ,I lIurr.IlII1 t~CIII.:;ltl de mancJo
y He obHcrv., un.1 ~r.ln v;,rLlhlllJ,ld ,'n ('u.lnto ., pr...·ucld"J. form'l 11.·1 .1rhnl y ('.,11J"d de
(rutall.
I.lll·~n de JllS temJlor.1Jall de pruPlJl"c('l,~n v '!V"III.l('l<in d,' (ruto" "r 11"n ,.el,·C'('lun...h. ,11);un" ..
lnJ1v1duu" 'I'"' prt"H('ntan C';ar:lctt"r{:1t 1,',1" promIH<lrlo,Pl.

104
(NrLUE~jCIA DE ANTIOXIOANTES EN LA PROKlCION DE OROTES Dr AlmONA CII[RIMOLA CULT(VIIDOS IN VITRO.
l.i1i,lnJ Iturri.l'1J I , IInrtn·(, r,orr'ux i ,,'1;rllll~l .lorri.ln 1. --- ---
III uePJrtJmento de [c010qIJ. PontlflCl.JlJ'ii1Vi?rsld':id CH61ic.J de Chile. SdntiJGO. Cl1s11111
114-0.

Annona cherimo1a (AnnondCl?ae) es una especie de orlqen andlno. existiendo r1iferentes cultiva­
~ecotlPoS. Se reQuiere mejorar y multiplicar plantas elite para establecer plantaciones
en distintos mlcroclimas. Esta especie presenta grandes problemas en el metabolismo oxidativo
de los compuestos fen61icos. por 10 Que el control de este fenOmeno es una prioridad para su
cultivo. Fueron cultivados in vitro secciones nodales, internudos y embriones cigOticos de
chirir:JQya cv. "Concha Lisa" junto con distintas combinaciones de fitohormonas. La formaciOn
de brotes de novo fue 1a respuesta mAs usual. Varios compuestos antioxidantes. entre ellos
PVP. ~cido ascOrbico y glutatione maxi~izaron este efecto y redujeron la oxidaciOn, mientras
Que OIECA y el dcido aminooxyacetico fueron menos efectivos en las concentraciones ensayadas.
El ~cido citrico y la cistefnas tuvieron poco efecto. Combinaciones de PVP con hidrolizado de
caseina. en presencia de NAA y SA fueron las mejores en cuanto a la formaci6n de brotes por e~

plante.

Se agradece el financiamiento PSTC Grant N° 513-5542-G-SS-9067-00 U.S. AID y FO~DECYT Grant
N° 0669/89 de M. Jord~n.

113
EL ?::::-ACHO: :;~'E':A ALTE!HlATIVA fRU;A:' PARA CHl:'::

Jor~~ ~alen=ue!a 3
1.. Ganalier Lemus S. y Carlos ~~~oz Se~.

(I) ~stacl0n ~~;e,l~ental La PlatIna ,I:lIA). Casllla 439-3 Santiago.

En I~=:. se ge,~1:10 sernil!as de Pistac:a atla,..t:ca y P, te,ebint~:.;s en la :::,,:est. Exp.
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RESPUESTAS ANDROGENICAS EN ANTERAS DE lUCUHA (Pouteria
1ucuma) y papaya (Carica pllbescens). (Androgenic .
potential ?f 1ucuma (Pouteria lucuma) and papaya (car1ca
pubescens) anthers): Jord~n. M.• Valenzuela. M.P .• Ve 0­
zo.l.• Oyanedel.f.• Gonz31ez.~..!:.. y S3nchez.-~. Oepa!:
tamento de Ecologfa. Facultad de Ciencias Bio16gicas.
Pontificia Universidad Cat6lica de Chile. Avda. liberta­
dor B.O'Higgins 340. Santiago. Chile.

En una serie de especies herbaceas y lenosas. median­
te un proceso de induccion in vitro. ha side posib1e mo­
dificar 1a ontogenia normal-ae~icroesporogenesis con
ducentes a la formacion de polen en anteras y reprogra-­
mando a1ternativamente 1a morfogenesis directa de embrio
nes. Por su naturaleza androgenica estos embriones origT
nados de microsporas son de caracter haploide 10 que ­
permite 1a dip1oidizaci6n posterior de este material y
1a obtencion de plantas homocigotas dip10ides. Asumiendo
que cada planta regenerada. hija de polen. ha sufrido
las recombinaciones del crossing-over durante la micro­
esporogenesis la variabilidad de plantas que es posible
obtener por esta via regenerativa permite la produccion
y seleccion rapida de material para estudios geneticos y
de cruzamientos.

Se presentan los primeros resultados de respuestas an
drogenicas en estas dos especies frutales de importancia
economica que posibilitan conducir estudios futuros de
importancia economica que posibilitan conducir estudios

-futuros hacia 1a seleccion y caracterizaci6n de plantas
mas to1erantes a bajas temperaturas. 1a caracterizaci6n
de formas sexua1es y 1a identificacion de germop1asma.
ecotipos 0 variedades.

Se agradece el financiamiento otorgado por AID a tra­
yeS del Proyecto 8007. PSTC Grant N° 513-5542-G-SS-9067­
00 a M. Jordan.

~~,
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OBTENCION DE PIGNENTOS CAROTENOIDES EN
CULllVO DE TEJIOOS DE ALFALFA (l1edicago
sdtiva) (In yjtro obtentibn of carotenoids in
N. satjYd). Figueroa~~ ~ Massardo, ~ y
Zunig~ G.E. Laboratorio de Fisiologia
Vegetal, Departamento de Duimica, Facultad de
Ciencia, Universidad de Santiago de Chile.
Casill a 5659-2.

El optimizaci6n de metodologias Que
permitan la producci6n competitiva de
pigmentos de uso industrial constituye un
~rea importante de desarrollar. Los pigmentos
carotenoides, particularmente el a-caroteno,
son ampliamente utilizados en la industria de
alimentos como precursores de la vitamina A.
En este trabajo se evalu6 la producci6n de
pigmentos carotenoides en alfalfa ev.
California utilizando la t~cnica de cultivo
in vitro.
Para la inducci6n de callos de utilizaron

los medios MS y NN suplementados con NAA/K y
2,4-D en combinaci6n con diferentes
explantes. EI porcentaje de inducci6n fue
superior en el medio MS en ambas dosis
hormonales empleando como explante la
pl~ntula completa 1 dia despu~s de la
germinaci6n. La producci6n de pigmentos fue
dependiente de la dosis de hormona siendo
superior con la combinaci6n NAA/K.

El cultivo de tejidos de alfalfa se presenta
como una alternativa viable para la
producci6n de pigmentos carotenoides.

Financiado por OICYl. Universidad de
Santiago de Chile (Proyecto 8832-IN).
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SUIPOSIO IIITEIIUCIOIlAL

PROMESAS BIOTECNOLOGICAS EN ARBOLES FORESTALES

MIGUEL JORDAN
Departamento de Ecologia, Facultad de Ciencias Biol6gicas,
Pontificia Universidad Cat61ica de Chile,
Casilla 114-0 Santiago, Fax 2225515

Mas y mejores especies forestaJes son consideradas hoy en dra posibles de
serplantadasy explotadas comercialmente. Se requiemn millones de plantas
a corto plazo que deben contar con caraeteristicas. geneticas superiores
derivadas de material elite. Biotecnologras modemas usadas en estrategias
de mejoramiento de diferentes especies agricolas pueden igualmente signi­
ficar un avance en especies foresta/es. Diferentes problemas que afeetan la
productividad pueden sar potencialmente resueltos a traves de un enfoque
biotecnol6gico; entre elias, una multiplicaci6n clonal in vitro de individuos
superiores derivados de programas de selecd6n 0 de cruzamlento; la
producci6n de tlrboles de mas rapido credmiento que permitan amortizarmas
tempranamente /a inversi6n, la selecd6n de clonescapaces de formar xilema
mas tempranamente con mejor calidad de fibra, de fijar su propio nitr6geno
oatinesala participaci6n de micorrizas para extraer nutrientes mineraJes con
mayor eficiencia.

Programas geneticos de cruzamiento y selecci6n pueden ser apoyados con
la producci6n de haploidesldiploides homozigotos a traves de la generaci6n
de plantas derivadas de polen, denominada androgenesis, como se esttl
desarrollando en especies frutales. Idealmente se puede visualizar hoy en dra
la posibilidad de contar con plantas transfonnadas geneticamente para
obtener resistencia a diferentes clases de insectos mediante la insarci6n de
los genes responsables de las toxinas de Bacillus thuringiensis usando como
vehiculo a Agrobacterium tumefaciens. La inserci6n direeta de genes actual­
mente tambien es factible usando un cafi6n genico, dispositivo que permite
disparar microproyeetiles de ADN a tejidos diversos con alta eficiencia. -

La producci6n masiva de plantas a partir de individuos mejores derivados de
selecci6n, cruzamientosdirigidos 0 materialtransformado, depende finalmente
del control in vitro del caraeter embriogenico en sistemas celulareslbioreac­
tores y, de la organogenesis a nivel tisular. EI proceso culmina con la
encapsulaci6n automatizada en geles Oncluyendo pesticidas, nutrientes y
hormonas) de semilias somaticas histol6gicas identicas, derivadas de sus­
pensiones celulares para su siembra directa en terreno.
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StIlPOStO INTERNACIONAl

I

Aunque la ingenieriagenetica y la bielegfa melecularcuentan hey en dia con I:
estas metodelogias para insertar, transferir y deteetar genes femnees .Ie-, .
grande plantas transfermadas, la gran Iimitaci6n de respuestas morfogenicas
y de regeneraci6n (salve excepcienes) en muchas especies leliosas feres-
tales es casi una constante para la utilizaci6n de esta biotecnelegfa en gran
escala. Aun se requiere de mayer infermaci6n basica sobre mecanismes

. fisiel6gicos, incluyendo: aspectesde regulaci6n ;juvenilidad, fleraci6n, repre­
ducci6n vegetativa y criepreservaci6n tisular como tambien respeeto al
metabelismo de terpanes, feneles yetres ciclos que deberan ser establecides
particularmente.

Se agradece el financiamiente de BIOFOREST Ltda. y Preyeete AID 8007
PSTC Grant Ng 513-5542-G-SS-9067-00.
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objectives are: the formulation of national policies, the promotion of
the exchange of information and biological materials, the support
and/or co-sponsorship of regional training activities in advanced
biotechnology, the development of cooperative research projects among
laboratories within the region and from develoPed countries, and the
promotion of the preparation of a Rcode of conductR in plant
biotechnology. The network coordinating bodies are the regional
coordinating committee co~sed of the subregional coordinators (4),
the FAD Technical 5ecretar1at, the Consulting Technical Council and the
National Network Coordinators. Priority activities of the network were
established for 1991-1992 involving molecular virology, use of RFLP's
in plant breeding, regUlations and biosafety, a network circular
newsletter and coordinating meetings.

IN VITRO PROPAG\TION AID IMP~T OF FRUIT SPECIES WITH FX:ONQtIC
POl'ENl'IAL FOR SEMI-ARID ZONES

Miguel Jordan*, Gloria Montenegro, Maria L. Gonzalez, Andree Goreux,
Liliana Iturriaga and Maria P. Valenzuela. Ecology DepartJrent,
Catholic University of Chile, Santiago, Chile.

Little known species growing in developing countries may be
inp)rtant to open new markets; for this, cultivars of standard quality
nust be obtained. .In. vitro culture techniques suited to each
species/variety must be developed to select and propagate elite
material. Advances concerning three species: Annona cherirrola
(cherirnoya), Pouteria lucuroa (lucuma) and Carica pubescens (highland
papaya) are examined. Explants of the three species were evaluated to
establish in vitro morphogenic/androgenic potential and capacity to
regenerate specific clones.

~ cherirnola foDmS nultiple de novo adventitious shoots in all
types of explants assayed, best results in nodal sections, internodes,
enbryos and hypocotyls. Tissular browning could be controlled using
soluble and insoluble PVP. In ~ lucuma, best morphogenesis occurs as
nulticellular pollen, and sUWQsedly androgenic enbryos; calli and/or
shoots arise from leaf sections. In h:. pubescens, somatic errbryos
arise from immature fruit pericarp and hypocotyls; zygotic embryos give
calli which originate errbryoids in sub-culture, in papaya, anther
culture generated somatic calli only: microspores do not show internal
divisions leading to androgenic errbryoids.

Grant: 5l3-5542-G-5S-9067-00, Program in SCience and Technology
Cooperation, Office of the SCience Advisor, u.S. Agency for
International Development and FOWEX:YT NO 0669/89, Chile.

EMBRYCGENESIS AID PIAN!' REGENERATION IN CALLUS CULTURE CF LINOM
AUSI'RIACUM L.

K. K. Joshi* and M. S. Chennaveeraiahl • Central Department of Botany,
Tribhuvan university, Kirtipur, Kathmandu. lDepartment of Botany,
Karnatak University, India.

En'bryogenesis occurred in the segments of stem, leaf and endosperm
calli of Linurn austriacum L. when cultured on nutrient agar media
supplemented with different growth regulators. Callusing in these
explants initiated on modified wbite's medium supplemented with either

r··~~:{i::~V~i-
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MULTIPLICACION IH VITRO OE ESPECIES FRUTALES
DE IMPORTANCIA ECONOMICA PARA ZONAS SEMI-ARIDAS.
(In vitro recJenentlon of fNlt species with ecollOllllc
Importance for semi-arid zones). Gonzalez, M.L.,
Iturrlag., L•• MuJica. A.M •• Oyanedel, E., Valenzuela,
M.p., Velozo J. Dep~rtamento de Eco ogra. Facultad de
rnnclas 81016glcas, Ponttficla Unlversld.d Cat611c. de
Chile.

'xp1.ntes de tres especles fNt.les de I.port.nel. e
conJlolica Annona cherlmola, (chlrlmoya). Pouterla 1ucUllli
(IGcUllla) ynrTca ~bescens, (papayo IIlntillrsTTu~
valuados baJo cond\Elones In vitro pari detennlnar su ­
potencial IIlOrlogtnlco/androgtnlco y su c.pacldad regene
rativi tendiente a la multlpllcacl6n de clones 0 selec7
clones de Interts.

A. cherllllOla fonna brotes adventiclos II(jltlp1es de
novo en tOdos los explantes estudl.dos, npeclalllltnte
en secclones nod.les, Internudos, embrlones e hlpocotl­
los. E1 empardecimlento thul.r se pudo controlar _
pleando el antloxldante PVP en sus fOnals soluble e In­
soluble. En p. lucUtna las ~rfogtnesls _as destac.das
corresponden-a 'Ti"TOnnacl6n de polen IlUtlce1ular y _
brlones de c.racter supuestamente .ndrogtnlcos cu1tlvan
do anteras. Sec clones de hoja Igu.lmente fo,.an ullo ­
y/o brotes direct.llltnte. En C. ~bescens se 10gr.n em­
brlones somltlcos en peri carpio e tNUS IlIIIaduras e
hlpocotllos, Ilientras que a partir de _riones cig6t1­
cos, se obtlenen callos, que subcultlvados generan 80­
brioides. En papay. el culttvo de .nteras solo gener6
callo de origen somltlco; las microesporas no evidenclan
dtvislones lnternas que generen embrioldes .ndrogtnlcos.

Proyecto AID 8007, PSTC Grant N· 513· 5S42-G-SS-9067­
00- y rOHDrCYT 0669/89

• Coordlnador: Dr. M. Jordln; Co-lnvestI9ador; G.
Montenegro.
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VARIACION SOHACLONAL Y TRANSrORHACION EN PLAN­
TAS DE PAPA. (Somaclonal variation and
transformation in potato). Jordan, H., Tesser.
B., Stipo A., Roveraro. C. Departamento-ae-r­
colog~a, lacultad de C~encias Bio16gicas, Pon­
tificia Universidad Cat61ica de Chile, Avenida
Libertador B. O'Higgins 3~O, Santiago, Chile,

El plasmido pGV 2260 (pEsc~) que codifica
para resistencia a rifampicina y kanamicina fue
introducido in vitro en brotes axEnicos de pa­
pa cv. "Desiree" y otros clones mediante el vec
tor Agrobacterium tumefaciens. Las plantas rege
neradas a part~r de a~chos brotes, m.ntuvieron­
su crecimiento y vigor respecto de los contro­
les, a pesar de ser tratadas con kanamicina
50ul/ml durante tres semanas de eultivo, La pi!
mentaci6n verde se asemej6 a la de plantulas no
infeetadas ni tratadas con antibi6ticos in vi­
tro. Los controles no co-cultivados con A7 ~ume
faciens, 0 infectados sin transformaci6n: m~
~clorosis y muerte despuEs de agregar el
antibi6tieo.

En nuestro laboratorio, ha sido posible indu
cir regeneraci6n de novo, empleando el cv. "De=
siree", a partir de discol de l.imina foliar sin
elementos meristem&ticos preformados, logrando
individu06 que mueetran variaci6n l0m4clonal.
La iniecci6n directa en hojas permitir{a obte­
ner un mayor numero de varianten transformados,
o l~ traneformaci6n mism4 serra m&s efieiente,
en ecpecial en cloneG chilotes que Ie eatan se
leccionando in vitro. Otra fuente de variacion
en entudio es el yeo de radiaei6n U.V. y 'Ien­
tel mut~Renoe qu{micoe. Se preeenten resultadOS
preliminaree de tranGfor-maei6n, .elecci6n y r.­
Reneraci6n en materiel de papa.

Se aRrad.e. el finaneiamiento de PNUD <Pro­
yecto N° DP/RLA/83/003), Proy.eto rONOECYT
N° 0669/89 Y al CINVtSTAV, Irapueto, H'xieo,
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Chairman: paiboolya Gavinlertvatana
Discussant: Gustaaf Wattimena
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opening Remarks
Richard Griesbach: Tissue CUlture in the Nineties.
Rebeca Vega de Rojas: Somaclonal Babaco Establishment
on Field Conditions.
Y.M.H.B. Yapabandara and M.D. Dassanayake: In Vitro
Propagation of Nutmeg and Clove.
Miguel Jordan: In vitro Propagation and Improvement of
Fruit species with Economic Potential for semi-Arid
Zones.

Recess

Pranom Prutpongse and Paiboolya Gavinlertvatana: In
vitro Germplasm Conservation and Exchange of Bamboo.
Pornchai Chuthamas, Pranom Prutpongse, Isara
Vongkalung, and Sureeya Tantiwiwat: In Vitro
Conservation and Propagation of Three Economic Species
of Rattans.
Marc Berthouly and Dennis J. Gray: Somatic Embryos for
Germplasm Storage and Clonal Propagation.

Poster session

Lunch

I Chairman: Miguel Jordan
Discussant: Jesse Jaynes

Antonio Figueira, Anna Whipkey and Jules Janick:
Micropropagation of Theobroma Cacao, a Recalcitrant
Species, with High co~and High Light.
Oded Reuveni and LUdw~g Muller: In Vitro Germ Plasm
Preservation of Musa Spp.
J.S. Tahardi and Jacintha Nathan: commercialization of
Clonal Micropropagation of Superior Tea Genotypes Using
Tissue CUlture Technology.
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IN VITRO PROPAGATION AND IMPROVEMENT Ot FRUIT SPECIES WITH
ECONOMIC POTENTIAL FOR SEMI-ARID ZONES.

AID Grant N2 513-5542-8-S8-9067-00
Coordinator: Dr. Miguel Jordan, Chil~.

Micropropagation aspects of three semi-arid region fruit species
of economic importance; Cherimoy~ (Annona' ~herimol~), Lucuma

-', . (Pout.ria lucuma) and l' highland Papaya (Carica pubescens, or £:..
candamarcensis) are beinQ researched ~ithin the framework of this
project. Other studies, ~oncerning browning metabolism are also
carri@d out. Several proto~ols, designed for thi••ubject, hav~

been developed so far; some have already been tested. Re.ult.,
after six months worl~, show morphogenic responses (which .,..e
being checked via histological observation) in several ey.plants
01 the three species under study. The work was ca(ried out with
selected clones obtained at experimental stations and
nurseries clo5~ to Santiago.

Cherimoya shows mostly formation of ~dv.ntitious .hoots in a
series of explant~ tested, including nodal sections, internodes,
embryoa and hypocotyla. Thes. Shoot6 appear along the whole
expl.nt in culture, depending on the hormonal. level, mainly in
presence of NAA O.~ mgll and &A, 2.0 mg/l. Several shoots form
5imultan~ou.ly in the same explant. In the CAQe of nod•• , calli
form both at the distal end and along the ~xplant, when the
auxin level is raiQedJ the pre-existing axillary bud .lso
develops under these conditions. A 5&,..i.. of anti-oxidant
compounds were te$ted, either prior to culture or supplemented in
the medium. The inclusion of ascorbic Bcid andlor PVP, markedly
avoids browning and fost~rs shoot formation. The b••t anti­
oxidant used WAS PVP 360 in a concentration of 1 p/l, followed
by ascorbic acid, alBo ~O mg/l. Casein hydrolY5~te enh.nc•• shoot
1ormation. Anther culture is difficult because they are very
small in this species, and easily d~maged by handling. Anti­
OXidants did not prevent browning, up to now, but it was possibl~

to obt~in 60me calli growth, protruding from the ~nth&r wall.

bucuma. The mo.t relevant results in thia species were the
formation of multicellular pollen and androgenic embryoids by
means of anther culture. Calli formation also takes place in
these explants and others tested, and their origin, androoeni~
or somatic 15 being tested. Androgenesis was triggered by the use
of NAA and BA, 1 mg/l each, and ~old tYeatment condition5 (4-8­
11 day5 at 42 or SQ C.). The exact nature of the ~ndrcgenic
origin of the embr.yoid is being examined by means of histology.
Preliminary results sustain thi~ condition, since O~owth of
other somatic tissue or organs (filament.) does not occur in
developing explants, et the hormonal level tested. Besides the
appear~nce of embry~ids, calli formation, originating from the

.,··-------------------__tJlI!!I!!£!JI!!cllla_.__~#~.
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inside of the anthers also occurs; the morphogenic potential of
this material is also being checked. Other explants, such as
leaf sections, also form calli in presence of NAA 0.02 mg/l and
zeatin 2.0 mg/l. Experiments are underway to indur-e embryoid
formation from calli or dire~tly from leaves. Preliminary results
showed that it is pos~ibl~ to obtain roots ~nd shoots dire~tly

from leaf explants, without calli mediation, protocols to refine
this line of work are underway. r~r this species, ascorbic acid
used in concentrations of 250 mg/l for nodal explants avoid
browning and allow callus formation in about GOI. of explants
tested.

Papaya. In this species, several kinds of explants can easily
lead to calli. Zygotic embryos were cultivated in NAA and Z 1.0
mg/l each, or 2,40 0.1 mg/l plus BA 1.0 mg/l, leading to calli
proliferation. These calli were 5ubcultured in Nitsch media,
including IAA 0.05 casein hydrolysats, 200 mg/l and Z 1.0 moll,
and formed somatic embryoids only when Z was included. Anther
culture results also showed profus~ calli formation in treatment.
based on Nitsch medium and including NAA and SA 1 mg/l. Anther5
form calli, but these issue from connective ~r other ~omatic

tissue. Browning is le~~ evident in tis.ue cultur~ in this
specie. than in other5. At present, microspor~s do not show
evidences of internal division leading to embryoid~. Leaves in
cultur~ stay gre~n wh~n using cytokinins; ~eatin, followed by
~inetin, proved to be better than SA and IPA, so far; and
combin~tions of auxins to trigger morphogenesis is under study.

8rowning problems. In this re~p&ct, preliminary analyses of
leaves, prior and after 40 days culture, showed a reduction of
phenolics in papaya and lu~uma, but.n increase (10 times Ab».
730 nm, rolin-Ciocalt~u determination) in cherimoya, causing
browing and inhibiting calli formation. (Jordan et aI, in press).
Results of these analyses suggested the use of antioxid~nt5, as
mentioned in the text, ~nd which worked out successfull~.

P~ESENT WORKPLAN (1990)

1. Systems t~ induce growth and morphogenic responses from
juvenile and adult ey.plants. using tissue and organs.

• potential morphog~nic responses in vitro of leaves, nodal
section5, internodes, shoot-tips/meristems, floral se~tions

and embryos of the three species studied.
• somatic embriogenesis and adventitious shoot formation on

%ygotic embryos, hypo~otyl and nodal 5ections.
• micrografting of clones on seedlings (cherimoya, lucuma).
• rooting of microcutting5 (cherimoya).
• rooting of axillary sprouts from main stem <papaya).
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2. Systems to induce androgenesis.

• anther culture.

3. Systems to induce regeneration from uno~gani%ed tissue

• callus culture.
• dual cultures (nurse cultur@sl.

4. ~Y5tams to maintain cell suspen~ion cult~res. and induce
regene~ation.

• somatic embryogenesis.
• testing explants respons@s, in the three species, to obtain

cell suspensions and differentiate organs or embryoids.

5. Systems to overcome b~owning processes in organs And calli
of cherimoya and lucuma explants.

· using several anti-o~ydants such as citric acid, cysteine,
~scorbic acid, amino-oxy-acetic acid, PVP, DIECA, and other~

in culture, or when slicing explants.
• assaying phenoli~ compounds in culture (ro11n-C1o~alteu,

tot.l phenols, thin layer chrom~togr.phy).
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