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ANLAGE

SCHREIBEN VOM 2. JANUAR 1985 VON PROFESSOR A.C. CASSELLS,
ABTEILUNG FUR BOTANIK DER UNIVERSITAT VON CORK (IRLAND),
AN DEN STELLVERTRETENDEN GENERALSEKRETAR

Pelargonien, "Harlekin"

Ich richte mich in obiger Angelegenheit an Sie, nachdem ich die Frage mit
Frau I. Schumann, von der Firma Pelargonien Fischer KG in Hillscheid-iber-
Koblenz in der Bundesrepublik Deutschland er6rtert habe.

Ich habe mit meinem Assistenten (post graduage student) George Minas
einen breiten Bereich von "Picotee" Pelargonien [Bliitenblatter haben am Rande
eine tiefere Farbe als in der Mitte] hergestellt. Hierzu gehdren alle Pelar-
gonien, die als "Harlekins" auf den Markt gebracht worden sind (siehe die
anliegenden Abdrucke*). Ich habe aus Gesprdchen mit dem Bundessortenamt 1in
Hannover erfahren, dass die Erteilung von Sortenschutz fiir diese Pflanzentypen
auf Schwierigkeiten stdsst.

Die Harlekins werden unter Auswertung positiver infektidser Agenzien
erzeugt und stellen einen Prédzedenzfall flr die Verwendung von dgenetisch
manipulierten viralen Gen-Vektoren dar. Mit Rlcksicht hierauf setze ich mich
besonders energisch daflir ein, dass flir sie Sortenschutz erteilt wird, da ich
es flir méglich halte, dass die UPOV neue Regeln einfilihren muss, um Sorten-
schutz flir genetisch "transformierte" Pflanzen gewdhren zu kénnen.

Ich halte es filir wichtig, dass den Erzeugern "transformierter" Pflanzen
Ziichterrechte zur Verfligung stehen, damit flir die Auswertung der Biotechnik
ein Anreiz geschaffen wird und gleichzeitig die Anbauer und die Gesellschaft
in ihrer Gesamtheit vor méglichen Risiken geschlitzt werden. Die wesentlichen
Bedenken sind in diesen Fdllen in der Besorgnis zu sehen, dass solche Agenzien
sich in natlirlicher Weise (d.h. unkontrolliert) verbreiten kdénnten. Glick-
licherweise wurde der Ursprung des Picotee-Agens "Mexicana" in einem weiten
Bereich seit mehr als zehn Jahren intensiv angebaut, ohne dass meines Wissens
Berichte {(iber eine unkontrollierte Verbreitung vorliegen. Wir haben diesen
Aspekt intensiv untersucht, indem wir verschiedene Vektoren usw. benutzt haben.

Eine zweite Besonderheit solcher Agenzien besteht darin, dass sie inso-
weit unbestdndigen Genen oder sogar einzelnen normalen Genen entsprechen, als
sie in voraussehbarer Weise von Umwelteinflliissen wie der Temperatur beein-
flusst werden. Der Picotee-Effekt wird durch die Temperatur wdhrend des
Stadiums der ersten Knospenentwicklung beeinflusst.

Ich hoffe, dass Sie positiv zu meiner Anregung, Harlekins als Testfall
fir genetisch transformierte Pflanzen zu betrachten, Stellung nehmen. Ich
werde gerne zu irgendwelchen Fragen, die Sie vielleicht aufwerfen méchten,
ndhere Erlduterungen abgeben und widre fiir Ihren Rat dankbar, wie die Chancen
der Erlangung von Zilichterrechten gefdrdert werden k&nnen.

[Abdrucke folgen]

* Nur in englisch abgedruckt.
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PELARGONIUM NET VEIN AGENT AND PELARGONIUM PETAL
STREAK AS BENEFICIAL INFECTIONS OF COMMERCIAL
PELARGONIUMS

A.C. CASSELLS', G. MINAS? and K.W. BAILISS®

! Department of Botany, University College, Cork (Ireland)

3 Department of Horticulture, Wye College, Ashford, Kent (Gt. Britain)

3 Department of Biological Sciences, Wye College, Ashford, Kent (Gt. Britain)
(Accepted for publication 3 August 1981)

ABSTRACT

Cassells, A.C., Minas, G. and Bailiss, K.W., 1982, Pelargonium net vein agent and pelar-
gonium petal streak as beneficial infections of commercial pelargoniums. Scientia
Hortic., 17 (1982) 89—96.

Pelargonium Net Vein Agent (PNVA) and Pelargonium Petal Streak Agent (PPSA)
have been shown to be graft-transmissable, singly and together, to both ivy-leaf and zonal
pelargoniums. In zonal pelargoniums, PNVA symptoms are seasonal; PPSA resuits in
petal curling in some cultivars and in most petal streaking is absent or only on the lower
petal surface. PNV A symptoms were stable in the ivy-leaf cultivars studied, as were
those of PPSA. There was no interaction between PPSA and PNVA, doubly-infected
ivy-leaf cultivars showing both symptom types.

Symptoms induced by PNV A and PPSA were eliminated by meristem culture.

The commercial potential for the exploitation of PPSA and PNVA is discussed.

INTRODUCTION

Many commercially important pelargoniums (‘‘geraniums’’) depend on
abnormal pigment distribution, either in the leaves or flowers, for their
commercial attractiveness (Clifford, 1970). The basis of these abnormal-
ities is important for the micro-propagator, for beneficial infectious agents
may be eliminated in meristem culture or chimeras broken down in callus
culture (Cassells et al., 1980). Conversely, beneficially infected cultivars can
be propagated via callus/explant culture and chimeras via meristem culture
(Cassells et al., 1980).

The ivy-leaf pelargoniums (‘‘geranium™) cultivars ‘Crocodile’ (syn. ‘Sus-
sex Lace’) (Fig. 1a) and ‘Mexicana’ (syn. ‘Roulette’) (Fig. 1b) are benefi-
cially infected with graft-transmissible agents, pelargonium net vein agent
(PNVA) and pelargonium petal streak agent (PPSA), respectively. A rhab-
dovirus has been detected in thin sections of ivy-leaf pelargoniums showing

0304-4238/82/0000—0000/802.75 © 1982 Elsevier Scientific Publishing Company
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chlorotic vein-clearing of the leaves (di Franco et al., 1979; Russo et al.,
1979). Recently, an icosahedral virus-like particle has been detected in thin
sections of ‘Mexicana’ mesophyll cells (G. Minas, 1980, unpublished data).
The latter reports suggest that PNV A and PPSA may have similar causations.

This study was undertaken to determine the behaviour of these agents in
meristem culture and to study their potential singly, and together, as bene-
ficial infectious agents in other commercially important ivy-leaf and zonal
pelargoniums. Here the term “beneficial infection” infers that these agents
do not prevent the commercial exploitation of the affected cultivars.

Fig. 1. (a) Leaf of ‘Crocodile’ showing vein clearing. (b) Flower of ‘Mexicana’ showing
petal streak.

MATERIALS AND METHODS

Plant material. — Pelargonium peltatum ‘Crocodile’ (syn. ‘Sussex Lace’)
and ‘Mexicana’ (syn. ‘Roulette’) were the sources of PNV A and PPSA,
respectively. The following cultivars were used for graft transmission and
other tests: ’

Pelargonium X hortorum (zonal ‘“‘geraniums’’) ‘Brook’s Purple’, ‘Cardinal’,
‘Empress’, ‘Genie’, ‘Hakaart’, ‘Irene Red-Purple’, ‘Kleine Liebling’, ‘Layton
White’, ‘Master Crampel’, ‘Maxim Kovalevski’, ‘Orange Flyn’, ‘Orange
Ricard’, ‘Paul Crampel’, ‘Penny’, ‘Prince of Denmark’, ‘Pygmalion’, ‘Skelly’s
Pride’, ‘Sophie Koniger’.

Pelargonium peltatum (ivy-leaf ‘‘geraniums’’) ‘Abel Carriere’, ‘ Ailsa
Garland’, ‘Fin d’Amour’, ‘Fire Bird’, ‘Galilee’, ‘La France’, ‘Mexican Beauty’,
‘Mrs. Warligton’, ‘Old Lady’, ‘Rigi’, ‘Super Rose’, ‘Yale’.

P. X hortorum X P. peltatum (semi-ivy-leaf ‘“‘geranium’’) ‘Kewense’,
‘Schéne Grentchen’.

Plant cultivation — Plants were grown throughout the year in a glasshouse
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with a minimum temperature of 15°C in Irish Peat Moss supplemented with
Bio P Base fertilizer (Pan Britannica Industries, Herts, U.K.). Flowering was
stimulated out-of-season by placing the plants in 1C°C-chambers in the
glasshouse with a 16-h photoperiod provided by fluorescent lamps.

Meristem culture. — Shoot tips were excised and the apical domes cul-
tured on the medium of Hamdorf (1976), with slight modification as de-
scribed previously (Cassells et al., 1980) (see Table I).

Adventitious shoots (approximately 2 cm in height) from these cultures
were placed on rooting medium (Cassells et al., 1980) (see Table I) and
following root formation, plantlets were established on heated benches
(15°C) and transferred to insect-proof cages, as appropriate, for virus testing.

TABLEI

Tissue culture media used for meristem proliferation and rooting of progeny shoots; pH
adjusted to 5.8

Constituents mg/1 g/

Meristem medium
MS! basal medium without

growth substances 4.71
Ammonium nitrate 0.825
Sodium dihydrogen phosphate 0.15
Casein hydrolysate 1.0
Sucrose 30.0
Indoleacetic acid 2.0
Gibberellic acid (GA, ) 1.0
Kinetin 4.0
Adenine sulphate 50.0
Meso-inositol 100.0
Agar 6.0

Rooting-medium
MS basal medium without

growth substances 2.36
Sucrose 15.0
Kinetin 0.01
Indoleacetic acid 0.1
Agar 6.0
! Murashige and Skoog (1962).

Disease transmission and testing. — Geranium shoo.. with PPSA or PNVA
symptoms, or symptomless plants from tissue culture, as appropriate, were
used as scions. The stocks were symptomless rooted cuttings of the cultivars
listed above (see text also) or symptomless P X hortorum seedlings.

A clean oblique downward cut was made in the stem of the stock and
the detached scion inserted so that the cambial regions were aligned as
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completely as possible. The graft was bound with self-adhesive rubber tape
(Stericrepe;Beacon and Janis Ltd., London). Two leaves were left on the
scion and half of the leaves of the stock were removed, along with the apical
bud, to stimulate the growth of axillary buds. Grafted plants were placed in

a mist propagator for 4—6 weeks and when a good graft union was established
they were returned to normal glasshouse conditions. Plants were observed

for up to 18 months for symptoms.

RESULTS

The initial graft transmission studies were between ‘Crocodile’ which has a
pale rose-pink flower (PNV A-infected) and 12 other ivy-leaf cultivars. There
were 10 replicates in all cases, which were almost all successful and resulted
in positive transmissions. In some cases, not confined to specific cultivars,
serious leaf distortion was observed in the first-formed new leaves on the
stock. However, foliar symptoms stabilized in all cultivars and resembled
those of ‘Crocodile’.

In a further series of graft-transmission studies (10 replicates of each as
above) ‘Crocodile’ (PNV A) was grafted to 18 zonal geraniums and 2 zonal—
ivy-leaf hybrids. In almost all cases, graft transmission was observed. The
net vein symptoms first appeared in the newly formed leaves on the stock
adjacent to the scion and were severe and greatly reduced leaf area (Fig. 2).
Then, depending on the growth of the stock, the symptoms tended to be
less pronounced or to disappear. Symptoms tended to reappear in early
spring and late summer.

Fig. 2. Graft transmission of PNV A from ‘Crocodile’ to zonal ‘Paul Crampel’. Net vein
symptoms in the young leaves above the graft union.

0103
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Fig. 3. Symptoms of PPSA in zonal ‘Paul Crampel’.

PPSA was successfully graft-transmitted from ‘Mexicana’ to 12 ivy-leaf
cultivars and to 2 ivy-leaf X zonal hybrids. In all cases, petal streak symptoms
of the same appearance as those in ‘Mexicana’ were observed. In some single-
flower cultivars, curling of the petals was observed.

Graft-transmission of PPSA to zonal geraniums resulted in serious petal
curling and distortion in most cultivars. In others, the symptoms were less
pronounced, or absent from the face of the petal but appeared as clearing
of pigment from the petal veins when viewed from the back (Fig. 3). The
symptoms produced in the zonal ivy-leaf hybrid ‘Schone Grentchen’ (vein
clearing on both petal surfaces) were the most attractive in this series of
transmissions. :

In the final studies on graft-transmission, PNV A and PPSA were the sub-
ject of double graft transmission to a series of ivy-leaf cultivars. The results
show that double transmission was achieved in all cases and there was no
apparent interaction between PPSA and PNV A in the doubly infected
plants.

Meristem culture is now an established commercial procedure for the
propagation of commercial pelargoniums. PNV A has previously been shown
to be eliminated in meristem culture of ‘Crocodile’ (Cassells et al., 1980).
Shoot-tip cultures were set up here to determine whether PPSA and PNVA
were transmissible. Meristem culture of ‘Crocodile’ was repeated. The data
(Table II) show that progeny plants derived via meristem culture from both
PPSA- and PNV A-infected cultivars were symptomless from observations
over 12 months in the glasshouse. Furthermore, PNV A or PPSA symptoms
were not produced in symptomless ‘Paul Crampel’ seedlings to which the
meristem cultured plants were grafted.
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TABLE II

Prop‘ution of plants from shoot tips of PPSA or PNVA affected geranium cuitivars

Geranium Affected No. of No. of No. of adventi- No. of No. of plants
cultivar by cultured  established tious shoots plants potted affected,
meristems meristems in 8 months since observation of
cultures were leaves and
started flowers for 1-year
growing-period
Paul Crampel PPSA 100 15 93 21 0
Mexicana PPSA 120 12 95 36 0
Rigi PPSA 80 7 75 21 0
La France PPSA 80 15 92 31 0
Crocodile PNVA 120 18 123 48 0
Rigi PNVA 80 6 64 22 0
La France PNVA 80 5 71 18 0
DISCUSSION

As a preface to this discussion, it is important to mention that in the
course of these studies over 3 years, neither PNV A or PPSA were observed
to spread naturally in the glasshouse or field. Indeed, many attempts to
sap-transmit, or to achieve vector transmission, were unsuccessful (K.W.
Bailiss, G. Minas and A.C. Cassells, 1980, unpublished data). Consequently,
there appears to be little risk of uncontrolled spread of these agents, pos-
sibly both viral, within the commercial nursery.

Both PNV A and PPSA are readily graft-transmissible to all ivy-leaf and
zonal cultivars tested. Neither, however, produce attractive, or in the case
of PNV A, stable symptoms in zonal cultivars. Consequently, they have
little commercial potential in zonal cultivars.

Both PNV A and PPSA, singly or together, have considerable commercial
potential in ivy-leaf cultivars. PNV A transforms ivy-leaf geraniums into
fancy leaf cultivars, which may encourage earlier purchase, i.e. as foliage
rather than flowering plants. Furthermore, while ‘Crocodile’, the source
of PNV A has a relatively pale flower, the presence of PNV A in e.g. ‘Abel
Carriere’, which has a strong flower colour (orchid purple), makes an attractive
plant (Fig. 4a). The potential for PPSA-transformed cultivars may be less
than for those altered by PNV A, because much of the attraction of PPSA-
affected flowers lies in the contrast between the pigment and white (pale)
area on the petal. Where the petal pigment is originally pale, this effect is
reduced. However, with strong flower colours, e.g. ‘Yale’ which has a red
flower, the effect is attractive (see Fig. 4b).

The combination of PPSA and PNV A in doubly infected cultivars results
in the production of a third series of beneficially infected cultivars. Those
with a strong flower colour-contrast also have commercial potential (Fig. 4c).
‘Crocodile’ and ‘Mexicana’, sources of PNV A and PPSA, respectively, are

0 .
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(a)
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Fig. 4. (a) Schematic representation of the transfer of PNVA from ‘Crocodile’ which has
a pale flower to a cultivar with a strong flower colour to produce a “‘new’ cultivar. (b)
Schematic representation of the transfer of PPSA from ‘Mexicana’ to another cultivar,
e.g. ‘Abel Carriere’, with a strong flower colour, to produce a ‘‘new’ cultivar. (c) Sche-
matic representation of the transfer of both PNVA and PPSA to another cultivar to
produce a ‘‘new”’ doubly-infected cultivar.

only two of many pelargonium cultivars with abnormal pigmentation.
There are numerous similar examples of abnormal pigmentation induced by
beneficial infections affecting other ornamental crops, e.g. abutilon and
tulip (Gibbs and Harrison, 1976).

Our studies emphasize the problems facing the micro-propagator who
introduces meristem culture for such cultivars, and poses the problem of
whether such beneficial infections can or should be exploited commercially
where there is the possibility of disease spread.

The results presented here pose a dilemma for the commercial pelargo-
nium propagator who uses meristem culture, or is proposing to introduce it,
for meristem culture apparent}y cannot be used to propagate these benefi-
cially infected cultivars. Either the micro-propagator must use explant
culture (Cassells et al., 1980) or re-inoculate the plants with the beneficial
agent(s). Explant culture may not be efficient in that, for example, regenera-
tion may be limited (Cassells, 1979). The causal agent(s) of PNV A and PPSA
have not been isolated, purified and fully characterized, thus re-inoculation
is a problem.

Stone and Hollings (1973) isolated a flower-break virus (PFBV) from
P X hortorum ‘Irene’ and ‘Paul Crampel’. Unlike PPSA reported here,

PFBV induced flower colour break in these cultivars throughout the year.
More recently, di Franco et al. (1979) and Russo et al. (1979) identified a
vein-clearing virus in P, peltatum (PVCV) resembling PNV A described in

this work. However, the symptoms of PVCV, shown to be a sap-transmissible
rhabdovirus, appear to differ from those of PNV A. The present authors have
failed to detect rhabdovirus-like particles in the cells of PNV A-affected
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pelargoniums, nor have they been able to sap-transmit PNVA. Further
studies are required to elucidate the relationship of PNV A and PPSA to
PVCV and PFBV, respectively.
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