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Abstract: A micropropagation protocol for the tropical species Syngonium podophyllum

'White Butterfly' variety is proposed. This protocol is destined to be used by any laboratory that

intend to commercialize or to study this species. All data obtained clearly suggest that

Syngonium is easily to be micropropagated if axillary meristems are used as starting material.

Hormone balances and vitamin formula highly promote or impaire proliferative processes but

also rooting, leafcolor and shoot elongation. Acclimation and post-acclimation phases are easily

to be passed on; it was not noticed any important disease to impaired plants development.
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Introduction

For the first time Syngonium genus was recognised as belonging to Araceae family by

H. W. Schott. This author together with S. L. Endlicher published a preliminary classification

of the Araceae in a work entitled Meletemata Botanica (1832) (cited by Croat 1981).

Syngonium podophyllum Schott is native from North America, but is ranging in

almost all Central and South America. Also this species is present in Antilles and Belize,

being very common for tropic areas with high levels of temperature and humidity. It prefers
acid soil and especially shadow places and never rises above 1000 m altitude. In natural

conditions this species is blooming in summer time but the flowers are ornamentally

insignificant (Croat 1981). All cultivated varieties of this species are highly ornamental by
leaf morphology and colour but never is blooming in unnatural conditions.

'White Butterfly' is a very appreciate cultivars for leaves ornamental qualities:

arrow-shaped and variegated that fill up the plant habit (Ray 1992, Wunderlin 1996).
Since 1976, Miller and Murashige for the first time have multiplicated this species in

in vitro conditions and after that it was extended in more laboratories. In the last decay

syngonium was placed into the first 10 micropropagated ornamental plants for commercial

purposes (Pierik 1995).
A facile protocol for in vitro multiplication of Syngonium and especially for 'White

Butterfly' cv. is described in this paper.

Material and methods

Plant material. In this experiment were used mother plants belonging to 'White

Butterfly' cv. of Syngonium podophyllum species. Axillary meristems comprising
meristematic dome with 2 leaves primodia (0.2 mm) have been taken, in sterile conditions

from petiole axilla of mother plants.
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Surface sterilization and expiant preparation

Stem fragments of syngonium were cut into small pieces (about 5-6 cm containing
the node with axillary meristem) and washed into fresh tap water for at least 2 h. After that

the expiants were soaked in a solution of Tween 20 for 10 min and then rinsed in running
tap water for other 5-10 min. Each stem fragment was surface sterilised with a solution of

HgCl 2
0.1% for 1 min. at a laminar air flow hood and immediately was rinsed in sterile

distilled water three times for 10 min.

Meristem culture initiation

From each node fragment was excised one axil Гагу meristem under a

stereomicroscope and immediately placed separately on a Murashige-Skoog (1962)

modified medium (MS62) containing BA 10 mg/l and NAA 0.1 mg/1, sucrose 30 g/1 and

agar
8 g/l added after pH adjustment at 5.8. As culture jars were used 20 ml vials plastic

covered and the incubation was made at 22-25° C under 2000 Lx light intensity and 16/8

photoperiod. After the first 10 days of in vitro incubation all meristems were transferred on

a fresh new medium having the same composition.

First multiplication
After approximately 10 weeks of /л vitro culture the first split off of the new formed

clusters having meristematic origin was initiated, and the obtained shoot groups were

cultivated into the same in vitro conditions.

Multiplication and rooting experiments

Cytokinin and auxin tests were used in order to establish the optimum hormone

balance for micropropagation. In these experiments 10-15 mm height shoots were used and

the expiants were incubated for 6 weeks. In the same time observations have been made for

rooting processes. The same conditions described above were maintained in the plant

growth chamber.

Auxin test A MS 62 modified medium supplemented with two different vitamin

formula: MS62 and a modified MS formula (nicotinic acid 1, pyridoxine 1 and thiamine 1

mg/1) was used. As auxin was used NAA (naphtyl acetic acid) at concentrations ranging

between 0 and 1 mg/1 (0, 0. 1, 0.5, 1) and as a cytokinin was used BA (benzyl-adenine) at 1

mg/1 concentration.

Cytokinin test was realised by using a MS62 modified medium supplemented with NAA

0.1 and 0.5 mg/1. For each auxin variant four BA concentrations: 0,1,5, 10 mg/1 were tested.

Results and discussions

Expiants sterilization. A very good sterilisation was obtained by following the

above sterilising protocol. An almost 90% survive rate of inoculated meristems was

obtained.

In vitro micropropagation
After approximetely 3 weeks of in vitro culture, each meristem developed very well

at the wounded site and adventitious bud spring up at this level. Buds development was

easily observed as they separated each other after them initiation. After 8 weeks of /и vitro

culture each expiant developed shoot clusters whose highest height reached approximately
12 mm (Fig. 1). These clusters were divided into small groups of 3-4 shoots and transferred

on a fresh new medium with the same composition. This step was the first subcultivation of

developed expiants.

Shoots of 10-15 mm were used for multiplication experiments. As a common feature

all expiants expanded hardly at the wounding sites where developed differentiation and

dedifferentiation processes. In a previously paper were described these tissues.
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In all histological sections was observed that a parenchyma tissue is split off by

strength meristematic centres, xylematic like elements, adventitious buds with or without

root primordia (Antofie et al. 1998). These adventitious bud developed in the same culture

conditions and became adventitious shoots that were able to separate each other easily.

In order to test the proliferative capacity of this species were initiated auxin and

cytokinin tests. At the end of these experiments were summarised the number and the

height of developed shoots. Also, were calculated the average multiplication rate for each

medium combination over the course of the experiment (Tab. I).

Auxin test with modified MS vitamin formula

Culture media supplemented with modified MS vitamins induced obviously

advanced etiolated processes to all tested expiants. Another important negative feature of

this vitamins formula was the lack of roots development. On contrary, concerning the

proliferative processes, for a hormone balance of 1/1 NAA/BA was obtained the highest

average multiplication rate: 16.1 compared to the other medium formula based on MS

vitamin mixture (6.35) (Graphic I). Also this vitamin formula induced the highest

elongation process (32 mm mean height) but for other hormone balances 0.5/1 or 0.1/1

NAA/BA (Graphic 2).
These processes might be due to the highest concentration of vitamins that may have

negative effects on shoot development because all other tested expiants grew normally on

MS62 vitamins supplemented media.

Auxin test with MS62 vitamins

Very important to notice is that all expiants developed normally concerning leafs

colour and shape. Also, all tested media were appropriate to initiate roots development. The

maximal average multiplication rate (9.1) was obtained for a hormone balances of 0.5/1

NAA/BA (Graphic 1), when the average height of new developed shoots was 21.15 mm

(Graphic 2). The minimal average multiplication rate (3.45) was obtained when auxin was

completely removed from the culture medium.

The lack of auxin from culture media highly impaired micropropagule formation for

both types of vitamins formula. This micropropagule differentiation was strongly induced

on one hand by an appropriate hormone balance of 0.1/1 NAA/BA for MS62 vitamins

supplemented media and on the other hand by a hormone balance of 1/1 NAA/BA for
modified MS62 vitamins supplemented media. As a consequence the proliferative
processes that are induced and sustained by certain hormone balances are highly influenced
by vitamin formula. In other words for the same hormone balance different vitamin formula

may promote or inhibit proliferative processes. Concerning other morphogenetic features
like leaf colour, elongation process and root formation, also vitamins formula has a great
influence.

These results strongly suggest that vitamins have major influences in expiant
development.

Cytokinin test. Tacking into account all above obtained data, MS modified vitamins
were not any more tested. Instead were tested two types of MS62 medium composition
concerning the auxin level: 0.5 and 0.1 mg/1 NAA. Cytokinin levels ranged between 0 to 10

mg/l(0, 1,5, 10) (Tab. I, graphics 3,4).
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Table 1 Auxin and cytokinin tests on Syngonium podophyllum 'White Butterfly'
micropropagation

Legend: NAA-naphtyl acetic acid; BA-benzyladenine; MS62-Murashige-Skoog

By analysing all obtained results for NAA 0.5 mg/l supplemented media, was

obviously a positive correlation between the rising of cytokinin level and shoot elongation:
the highest cytokinin level was the highest shoot elongation process was acquired.

However, the highest average multiplication rate was obtained for 1 mg/l BA (9.1).

Concerning the other medium formula that contained 0.1 mg/l NAA, was noticed

also a positive correlation between the rising of cytokinin level and shoot elongation in the

same manner: the highest level of cytokinin level was the highest shoot elongation was

obtained. However, all obtained results were lower than in the first media formula (NAA
0.5 mg/l). In this case the best average multiplication rate was obtained for 5 mg/l BA (5.1).

These results suggest that in vitro micropropagation of Syngonium may be due in at

least two steps: first step is for multiplication and the second to induce shoot elongation and

rooting. All these data strongly suggest the use of MS62 basal nutrient medium

supplemented with NAA/BA: 1/1 (mg/l) in order to increase micropropaguli formation and

in the second step by decreasing auxin concentration (NAA 0.5 mg/l) will be improved
shoot elongation that is necessary for pre-acclimation phase. The latter is an excellent

medium formula for Syngonium micropropagation in one step since the multiplication rate

is 9.1 and the average shoot height is about 21 mm. All these media are able to induce root

formation and are suitable also as pre-acclimation media composition with excellent results

in acclimation.

Acclimation and post-acclimation. Very well developed in vitro plantlets were

transferred into perlite under a humidity about 80% for 7 days. The photoperiod was 16/Bh.

In mean time the exposure to the air was increased each day by 1(2) hour(s) so that at the

end of the 10
th

day the exposure to be totally at a humidity level of 40%. During

acclimation some fertilisations with an acid nutritive solution that comprised N/P/K at

appropriate concentrations were realised. After 4 weeks the acclimated plantlets (Fig. 2)

were transferred to an acid mixture soil. The plantlets grew fast and in less than 8 months

they developed excellent (Fig. 3).

Conclusions

Syngonium podophyllum 'White Butterfly' is easily to multiplicate in in vitro

condition if are used as starting material axillary meristems represented by meristematic

dome and the first pair of leaf primordia. Meristems culture is very efficient since are

removed any pathogens and is improved the quality of obtained propaguli.
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The main proliferative processes are realised especially by organogenesis that take

place especially at the wounding sites of excised shoots where were seen together shoot

meristems and /or root primordia, xylematic elements enclosed by a parenchimatic tissue.

An appropriate hormone balance for micropropagation is really influenced by the vitamins

formula. The latter influences the normal shape, colour and shoots length, rooting and most

important micropropagule formation.

All nutritive media based on MS 62 formula induced root formation and were also

appropriate to be used as pre-acclimation media. In acclimation and post-acclimation

phases this syngonium variety responded very well, without any major disease problem.
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ASPECTE ALE MULTIPLICĂRII IN VITRO LA

SYNGONIUMPODOPHYLLUM 'WHITE BUTTERFLY'

Abstract: în acest articol este propus un protocol de micropropagare al speciei

tropicale Syngonium podophyllum 'White Butterfly. Acest protocol este destinat oricărui

laborator care intenţionează să comercializeze sau să studieze această specie. Toate datele

obţinute în cadrul acestor experimente ne sugerează clar că Syngonium este uşor de

micropropagat dacă se utilizează ca material de start meristemele axilare. Balanţa
hormonală precum şi formula vitaminelor stimulează sau inhibă procesele de proliferare ca

şi înrădăcinarea, culoarea frunzelor şi alungirea lăstarilor. Fazele de aclimatizare şi
postaclimatizare se realizează cu uşurinţă, neînregistrându-se nici o boală care să afecteze

în mod specific dezvoltarea plantelor.
Cuvinte cheie: Syngonium podophyllum 'White Butterfly', micropropagare,

aclimatizare
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Graphic 1

Graphic 2
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Graphic 3

Graphic 4

Graphic's legenda: NAA naphtyl acetic acid, BA benzyladenine; vMS-MS vitamins;
vMSM- modified MS vitamins.
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Fig. 1

Fig. 2

Fig. 3

Acclimated Syngonium plantlet after 4 weeks ofex vitro conditions

Postacclimated plants 8 months after acclimation

Syngonium shoot clusters and micropropaguli (see arrows) in vitro culture



IN VITRO REACTIVITY OF PROSOPIS JULIFLORA SOMATIC EXPLANTS

COGĂLNICEANU Gina*, BREZEANU Aurelia*, ROŞU Ana**

Abstract: In vitro reactivity and morphogenetic potential of different Prosopis juliflora (Swartz)

DC. somatic expiants were tested in order to establish an experimental system useful both for

basic and biotechnological approaches. The callus obtained was electronomicroscopically

analyzed and ultrastructural peculiarities were described. Our researches suggest that the weak in

vitro reactivity of expiants and callus is determined by the high level of cell specialization,

mainly engaged in biosynthetic and storage processes of secondary metabolites.

Key words: Prosopis, in vitro cultures, secondary metabolites, ultrastructure.

Genus Prosopis (Mimosaceae Family) includes almost 40 species native to Central and

South America, ranging from sea level to 1500 m. It is a perennial deciduous thorny shrub or

small tree (up to 12 m high) producing edible bean pods and vegetating in arid or nonfertile

areas, with saline, sandy and dry soils. Fast-growing, drought resistant, Prosopis belongs to the

300 species group ofhalofile plants recommended for depreciated lands remediation programs.

Prosopis pods were known in the New World and used as food since ancient times,

owing to their nutritive features, being used as an alimentary source of proteins and sugars.

Almost every part of the tree has been used by the indigenous people; the leaves can be used

for forage, while the wood is hard and durable {wooden anthracite), a raw material for

furniture, substrate for producing single-cell protein and for fuel also, because of its high heat

content. Providing good bee pasturage, nectar from Prosopis flowers yields a superior honey.
Amerindians utilize Prosopis as ethno-pharmaceutical remedies in a variety of affections

because of the great content in active principles (alkaloids, tannins). Recent studies (Aqueel et

al. 1989; Caceres et al. 1995) showed an intense antimicrobial activity of the julifloricine (an
alkaloid isolated from P. juliflora) against more than 40 pathogens. Its effects were comparable
and even superior to those of penicillin, gentamicin, trimethoprim and miconazole.

Prosopis was introduced everywhere in the tropics, and at present is often

considered as a weed. It is reported to tolerate drought, grazing, heavy and sandy soils, as

well as saline dry flats. Prosopis is reported to tolerate annual precipitations of 150 to 1670

mm and annual temperature of 20.2 to 28.5° С Some Argentine germplasm can tolerate
mild frost at 40° latitude (Zeven & Zhukovsky 1975; Simpson 1977).

The interest for this species resides in its great adaptability to environmental adverse
conditions, the premise for its acclimatization in depreciated soils from our country.

Not many works on Prosopis sp. in vitro morphogenetic capabilities have been done
yet. On the base of the few experimental data recorded Prosopis sp. appears as a refractory
species to the in vitro manipulation and cultivation, with a low capacity of regeneration.

In this context, our researches have focused on in vitro testing of the reactivity and

morphogenetic potential of the different somatic expiants, in order to elaborate a
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methodology of regenerating plants useful for biotechnological purposes. The cell cultures

initiated (callus) were electronomicroscopically analyzed to establish ultrastructural

peculiarities, a basic knowledge necessary for multiple practical applications.

Materials and methods

In vitro cultures

We used as inocula cotyledon, leaf, hypocotyl and epicotyl of Prosop is juliflora

(Swartz) DC. seedlings, obtained by aseptic germination of the seeds. Seed sterilization was

made by 10 minute immersion in 0.1% HgCI2,
followed by 3 washes in sterile distilled

water. Eight nutritive medium variants were used for inoculation, derived from MS

(Murashige & Skoog 1962) and B
5 (Gamborg et al. 1968) formulae (Table 1). The

incubation period was performed in a growing room at 26 ± 2° С temperature and 3000 lux

light intensity, with 16 hours cool white light/day.

Electronomicroscopic examination

Samples of the primary callus, initiated from hypocotyl and cotyledon expiants,

grown on variant 2 of the nutritive medium (Table 1), were drawn and fixed in 3%

glutharaldehyde in 0.2 M Na/K phosphate buffer, pH 6.8. The samples have been prefixed

at 4° С overnight and than transferred in Os0 4 2% for 2 hours, at room temperature. The

specimens were included in Epon 812 synthetic resin. Ultrasection ing was performed with a

Tesla ultramicrotome, and contrasting was done according to the double coloration method

of Reynolds (1963), which included the immersion of ultrasections 20 minutes in aqueous

solution of uranyl acetate (2%) and respectively lead citrate. Samples analysis was realized

on a Tesla BS 500 electron microscope, with 80 kV electron acceleration.

Results and discussions

Prosopis in vitro reactivity:
In vitro cultivation of Prosopis juliflora somatic expiants has revealed some

particular aspects.

In vitro reactivity of this species varies depending on the nature of the expiant, cotyledon
inocula showing a greater response compared to those ofthe leaf, hypocotyl or epicotyl inocula.

The chemical composition of the nutritive medium, especially hormonal balance,

the nature and the level of the growth substances used, exert an essential role on the in vitro

evolution of inocula. From the eight culture medium variants tested, only four have

induced a morphogenetic answer (Table 1). Variant one has determined an intense

rhizogenesis, mainly on the cotyledonary expiants. Root differentiation emerged both direct

(Fig. 1A), on the expiant, and indirect, via callus (Fig. IB). Variant two of the nutritive

medium has promoted the differentiation of a typical callus, friable, with a slow

development, all around of the excision zone of cotyledonar and foliar expiants (Fig. 2).

Ongoing studies are aiming to improve this variant of nutritive medium in order to

stimulate the rate of cell proliferation and obtaining a considerable cellular mass. The

eighth variant tested has initiated an atypical callus, with glomerular aspect, and with a

slow growth rate (Fig. 3).
We have not obtained on neither one nutritive medium variant direct or indirect

shoot regeneration. We consider that apical meristems or axillary buds from young plants

could represent a more appropriate type of expiant for multiplication purpose.

Luxuriant root regeneration obtained (Fig. IA, IB) could serve to initiate an

experimental system of root culture, aiming either to realize mycorrhizal colonization with

fungi for obtaining artificial inocula, or to exploit secondary metabolites or

biotechnological interest in such cultures.
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Table 1 In vitro reactivity of Prosopis Jul(flora somatic expiants (С = callus, R - roots, S -

shoots, HC = casein enzymatic hydrolysate, AS = adenine sulfate, NAA = a-

naphtaleneacetic acid, AIA = indole-3-acetic acid, 2,4 D = 2,4 dichlorophenoxyacetic acid,

ABA = abscisic acid
,

BAP = benzylaminopurine, К = kinetin)

Ultrastructural analysis

Electronomicroscopic observations made on the cotyledonary and hypocotylary

callus cultivated on the variant two of the culture medium revealed the same ultrastructural

peculiarities, independent of the explant type. ■
The cells exhibit similar characteristics as those involved in secondary metabolites

biosynthesis and depositing. Thus, into the cytoplasm prevail modified plastids, with a strong

electronodense stroma, reduced lamellae and rare plastoglobuli (Fig. 4). Amyloplasts of great

size, with multiple and voluminous, amyliferous inclusions (Fig. 5) are frequently located in

peripheral cytoplasm (Fig. 6). Often, these amyloplasts are close to the nucleus, with whom

they establish relations of contiguity. Numerous electronomicroscopic images suggest the

gradual degradation of several amyloplasts, which evolve in vacuole-like structures (Fig. 7)
and tlnaly form by coalescence a typical vacuole.

Another feature is represented by the vacuom, which occupy almost the whole cell

inner space. It is filled with storage products, which appear as strong electronodense precipitate

compounds. In young cells, storage products border the tonoplast all distance long, but later on,

the whole content of the vacuole is filled by these compounds. At the same time, in peripheral
cytoplasm are differentiating new vacuoles, probably through an autophagic process, and which

are proceeding the same stages of filling with electronodense precipitate (Fig. 5). Finally, the

small vacuoles, full of precipitate, converge with the central vacuole, where pour in their

content. It seems possible that these compounds could be of tanninic nature, as Kumar (1992)
stated to other species of the genus, as P. cineraria.

Mitochondria are scarce, with weak developed cristae.

The nucleus shows an irregular shape, a compact nucleolus and a rarefied chromatin.

It establishes contiguity relations with the major organella, plastids and mitochondria, the

rough endoplasmic reticulum profiles, and even with the vacuolar tonoplast (Fig. 8B).
An interesting aspect is represented by the presence into the cytoplasm, in the vicinity of

the nucleus or plastids, of some proteic fibrilar inclusions, frequently forming bundles (Fig. 8A),
in concordance with the very high proteic content of the plant (Del Valle et al. 1983).

Morphogenese

Var. Basal Auxins Cytokinins Other Sucrose Organic response

mediu

m

(mg/l) (mg/l) growth

substances

(g/D compounds
С R S

MS NAA(2) К (0.2) 30

MS NAA(O.l) BAP(l) 30

Bj NAA(O.l) К (0.2) 30 HC I)

B< NAA(O.l) К (0.2) ABA 0,5) 30 HC

MS AIA (20) К (0.5)

ВАР (0.1)

30

2.40(1)

MS AIA (20) К (0.5)

ВАР (0.1)

ABA(l) 30

2.4D(I)

MS Л! A(20) К (0.5)

BAP (0,1)

ABA (0.5) 30

2.40(1)

MS NAA(O.l) BAP (0.5) 20 AS (30m;
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Direct (A) and indirect - via callus - (B) root differentiation on the

cotyledonary Prosopis expiants.

Fig. 1
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Initial stage of typical callus differentiation on the cotyledonary expiant
excision areas.

Fig. 2
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Glomerular aspect of the atypical callus (A- foliar expiant. В- petiolar

explant) compared to the typical one, differentiated on the petiole explant (С).

Fig. 3
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Ultrastructural aspect of the plastids. Strong electronodense stroma, reduced
lamellae system and the absence of the plastoglobuli are conspicuous. The bar line

represents 1 urn.

Fig. 4
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Amyloplast of great size, with multiple voluminous amyliferous inclusions.

The bar line represents 1 um.

Fig. 5
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Storage products which appear as strong electronodense precipitate along

tonoplast (A). Detail where new vacuoles with electronodense precipitate differentiated in

the peripheric cytoplasm (B). The bar line represents 1 v.m.

Fig. 6
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Particular aspect of degradated amyloplast, which evolve in vacuole-like

structures. The bar line represents 1 v.m.

Fig. 7.
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The presence into the cytoplasm, between the nucleus and the vacuom, of the

bundles of proteic fibrilar inclusions (A). Numerous endoplasmic reticulum profiles at the

periphery of the cell (B). The bar line represents 1 um.

Fig. 8.
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We could not describe, on the base of the electron micrographs only, the location of

biosynthesis and trafficking of the precursors towards the vacuolar system, which represent

the stocking place. Ultrastructural analysis allow us to suppose that plastids, including
amyloplasts, could be highly involved in this process, and also other organellae, as the

rough endoplasmic reticulum, and, to a lesser extent, the Golgi apparatus. Certainly, the

final phase of this process is represented by the products intravacuolar accumulation.

Our researches suggest that the weak in vitro reactivity of expiants and callus is

determined by the high level of cell specialization, mainly engaged in biosynthetic and

storage processes of secondary metabolites.

In future studies we will try to establish the chemical nature of the storage

compounds from the callus and to improve the in vitro experimental system both for basic

and biotechnological approaches.
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REACTIVITATEA IN VITRO A EXPLANTELOR DE ORIGINE SOMATICA

LA PROSOPIS JVUFLORA

Rezumat: Reactivitatea in vitro şi potenţialul morfogenetic al explantelor de natură

somatică la specia Prosop is juliflora (Swartz) DC. au fost testate în scopul elaborării unui

sistem experimental util atât în cercetări teoretice, cât şi în aplicaţii biotehnologice. Căluşul

obţinut a fost analizat şi caracterizat ultrastructural. Rezultatele obţinute sugerează că

reactivitatea in vitro scăzută a acestei specii se datorează gradului înalt de specializarea
celulelor, angajate în număr mareîn procese de biosinteză şi stocare a metaboliţilor secundari.

Cuvinte cheie: Prosopis, culturi in vitro, metaboliţi secundari, ultrastructura


