agronomie (1996) 16, 299-308 299
© Elsevier/INRA

agronomie: plant genetics and breeding

Variability of somatic embryogenic ability in the genus
Pisum L: effects of genotype, explant source
and culture medium

J Loiseau, C Marche, Y Le Deunff *

Laboratoire de physiologie végétale appliquée, ENSH, 4, rue Hardy, RP 914, F-78009 Versailles cedex, France

(Received 5 January 1996; accepted 15 April 1996)

Summary — The ability of shoot apices, immature cotyledons and embryonic axes excised from mature seeds to
express somatic embryogenesis was tested in nine garden peas, eleven field peas, two forage peas and seven species
or subspecies other than Pisum sativum L. Embryonic axes were poorly embryogenic when compared to the two other
explants. Shoot apices and immature cotyledons were both cultured on two media differing in their sugar composition.
Seven garden peas out of nine were more embryogenic than all the field peas. Many genotypes, 22 out of 29, pro-
duced more embryos in cultures of shoot apices when fructose substituted sucrose. With immature cotyledons, somatic
embryogenesis was also enhanced for 20 genotypes out of 29 on maltose-supplemented medium compared to
sucrose-containing medium. Thus, exogenous carbohydrate seemed to play an essential role in somatic embryogene-
sis in pea.
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Résumé — Variabilité de I'aptitude a I'embryogenése somatique dans le genre Pisum L : effet du génotype, de
la nature de I'explant et du milieu de culture. L ‘aptitude a 'embryogenese somatique a été estimée chez neuf pois
potagers, onze pois protéagineux, deux pois fourragers et sept especes ou sous-espéces autres que Pisum sativum L
en utilisant des apex de jeunes plantes, des cotylédons immatures ou des axes embryonnaires prélevés sur des
graines mires. Chacun des deux premiers types d'explants a été cultivé sur deux milieux qui différent principalement
par leur teneur en sucre. Le nombre d'embryons somatiques a varié considérablement avec le génotype, le type d'ex-
plants et le milieu de culture. Les axes embryonnaires ont produit moins d'embryons que les apex ou les cotylédons
immatures. Dans I'ensemble, sept pois potagers sur neuf ont été plus embryogénes que I'ensemble des pois pro-
téagineux. La nature du sucre apporté dans le milieu de culture a eu un réle déterminant dans I'embryogenése soma-
tique chez le pois : I'apport de fructose au lieu du saccharose a permis une augmentation du rendement en embryons
a partir d'apex pour 22 génotypes sur les 29 testés. De méme, le remplacement du saccharose par du maltose a
favorisé I'embryogenése a partir de cotylédons immatures pour 20 génotypes sur les 29 tesiés.
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INTRODUCTION

Somatic embryogenesis is a physiological
process connected with cellular totipotency and
is consequently specific to the plant kingdom. In
vitro somatic embryogenesis has been achieved
in numerous species but the experimental proto-
col has to be adapted to the species (Ammirato,
1983). Moreover, within each species, a strong
genotypic effect is frequently observed and, in
most cases, the genetic mechanism of plant
regeneration remains unknown. Some reports
concerning somatic embryogenesis in Medicago
sp (Wan et al, 1988) and Zea mays L (Cowen et
al, 1992) suggested that few genes were
involved in somatic embryogenic ability.
Genotype x culture medium interactions were
shown in Medicago sp (Wan et al, 1988), Glycine
max L (Mer) (Komatsuda et al, 1991), Zea mays
L (Duncan et al, 1985) and Oryza sativa L
(Hartke and Lérz, 1989).

Transgenic plant recovery has been performed
in pea after coculture with agrobacteria and shoot
regeneration but these protocols were not suffi-
ciently effective (Puonti-Kaerlas, 1993). In this
context, somatic embryogenesis could appear as
an interesting alternative to adventitious bud for-
mation. Somatic embryogenesis in pea has been
routinely achieved from shoot apices and imma-
ture zygotic embryos (Kysely et al, 1987; Kysely
and Jacobsen, 1990). The number of somatic
embryos per cultured explant varied with geno-
type (Kysely et al, 1987; Kysely and Jacobsen,
1990. Tétu et al, 1990; Stejskal and Griga, 1992;
Van Doorne et al, 1995) but remained low.
Consequently, we have undertaken studies in
order to improve somatic embryo regeneration
from shoot apices, immature cotyledons and
embryonic axes. We have shown in previous
studies that from four carbohydrates (sucrose,
maltose, glucose, fructose) used at various con-
centrations (28 to 252 mM for the disaccharides
and 28 to 504 mM for the monosaccharides),
fructose at 336 mM allowed the highest produc-
tion of somatic embryos in cultures of shoot
apices using the genotype CI 830: the number of
somatic embryos was three- to fourfold higher on
336 mM fructose-containing medium compared
to control (sucrose at 84 mM). In addition, the
most effective auxins were 2,4-D, 4-CPA and
picloram, the later being less detrimental to
embryo development (Loiseau et al, 1995).
Furthermore, the number of somatic embryos per
cultured explant has been increased twofold
when immature cotyledons (genotype Cl 830)

were cultured on a medium supplemented with
maltose at 168 mM compared to sucrose at 84
mM. It should be observed that no interaction
existed between the nature of the auxin (2,4-D or
picloram) and the carbohydrate supply (Loiseau,
1996). Lastly, the highest production of somatic
embryos from embryonic axes excised from
mature seeds was obtained on a medium con-
taining picloram at 22.5 uM, no other sugar being
more effective than sucrose at 84 mM (Loiseau,
1996).

For successful application of the tissue culture
technique to crop breeding, routine plant regen-
eration must be achieved from several geno-
types. Consequently, we have estimated the
somatic embryogenic ability in a large range of
genotypes, using three explant sources, and veri-
fied that the promotive effect of fructose and mal-
tose on somatic embryogenesis in cultures of
shoot apices and immature cotyledons respec-
tively is not restricted to the genotype Cl 830.

MATERIAL AND METHODS

Plant material

The 29 genotypes used in this study (table 1) were
kindly provided by Clause Semences (Brétigny-sur-
Orge, France), GSP (Estrées-Mons, France),
Florimond-Desprez (Cappelle-en-Pévéle, France),
Blondeau (Bersée, France) and Pioneer Génétique
(Oucques, France).

Shoot apices were excised from seven-day-old
plants as previously described (Loiseau et al, 1995).

immature cotyledons were obtained from plants
grown in the field at Versailles (France) between
March and July 1994. Two to three weeks after pollina-
tion, immature pods were harvested, surface-sterilized
with 70% ethanol for 1 min and a Bayrochlor solution
(3 g.L1 available chlorine) for 30 min and rinsed three
times with sterile deionized water. Just before culture
initiation, immature seeds were excised from pods and
the testa and the embryonic axis removed to leave the
cotyledons. At this time, the embryos were approximat-
ly at the beginning of the filling phase, the liquid
endosperm being completely resorbed. The immature
cotyledons were immediately placed in Petri dishes,
the adaxial (flat) side facing the culture medium.

Embryonic axes were excised from mature seeds,
after surface-sterilization as above and imbibition in
sterile distilled water for approximatly 15 h. The testa
was removed and the embryonic axis, with the two
axillary meristems of the cotyledonary node, was iso-
lated and plated on the culture medium.
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Table 1. Genotypes used in this study with their phenotypic characteristics.

Genotype (abbreviation) Origin af?
(Spﬂ)

Garden peas

Cl 830 (830} France (a) +
CAF ST 71 (CAF) France (a) +
Bikini (BIK) USA (b) +
Filigreen (FIL) ? (b) +
Hussar (HUS) UK (b) +
Poppet (POP) UK (b) +
Stampede (STA) USA (b) +
Krilla (KRI) USA (b) +
Twiggy (TW1) USA (e) +
Field peas

Diabolo (DIA) France (c) +
Baccara (BAC) France (c) +
Champion (CHA) France (c) -
Alex (ALE) France (d) +
Fluo (FLU) France (d) +
Choque (CHO) France (d) +
Amadeus (AMA) France (d) +
Ascona (ASC) L (e) +
Ballet (BAL) France (e) +
Tipu (TIP) Canada (e) +
Madria (MAD) NL (e) +

Forage peas

Golf (GOl Germany (b) -
Rosakrone (ROS) Germany (b) -
Other species or subspecies

P arvense (arv) (e) +
P elatius (ela) (e) -
P axiphium (axi) (e) -
P speciosum (spe) (e) -
P mesomelan (mes) (e) -
P transcaucasicum (tra) (e) -
P abyssinicum (aby) (e) -

fa3 Colour of Seed weight rorw
cotyledons (gx1 OOO) seeds 4
+ Green 133 w
+ Green 114 w
+ Yellow 183 w
- Green 150 w
— Green 269 w
- Green 245 w
- Green 194 w
- Green 151 r
- Green 194 w
— Yellow 319 r
- Yellow 293 r
- Yellow 272 r
- Yellow 276 r
- Yellow 296 r
- Yellow 261 r
- Green 297 r
- Green 273 r
- Green 241 r
- Yellow 181 r
- Yellow 240 r
+ Yellow 153 r
+ Yellow 208 r
- Green 182 r
- Gr/Yell 142 r
- Yellow 143 r
- Yellow 268 r
- Yellow 366 r
- Yellow 48 r
- Yellow 175 r

' Suppliers: a, Clause Semences (Brétigny-sur-Orge, France); b, GSP (Estrées-Mons, France); ¢, Florimond-Desprez (Cappelle-en-
Peleve, France); d, Blondeau (Bersée, France); e, Pioneer Génétique (Oucques, France). 2 Presence (+) or absence (-) of af
mutation (leaflets converted to tendrils). 3 Presence (+) or absence (—) of fa mutation (fasciated plants). 4 Round (r) or wrinkled (w)

seeds.

Tissue culture

The basal medium was composed of MS salts
(Murashige and Skoog, 1962), B5 vitamins (Gamborg
et al, 1968), 84 mM sucrose and 0.7% agar (Biofit,
OSI, France). The pH was adjusted to 5.7 prior to
autoclaving (115 °C, 20 min). The shoot apices of the
29 genotypes were cultured on two media (table II).
The first one, named DS, was the basal medium sup-
plemented with 4.5 uM 2,4-dichlorophenoxyacetic acid
(2,4-D). The composition of the second medium,
named PF, has been optimized by the supply of fruc-

tose at 336 mM instead of sucrose at 84 mM.
Immature cotyledons were also cultured on two media
(table ). In the PS medium, picloram at 4.5 uM was
added to the basal medium. The other medium (PM)
formulation had been optimized for somatic embryo-
genesis from Cl 830 immature cotyledons (Loiseau,
1996) with maltose at 168 mM substituting sucrose.
Embryonic axes were cultured on a basal medium
(EA) containing 22.5 uM picloram.

Cultures were carried out in 55 x 15 mm Petri dish-
es containing five explants on 5 mL of culture medium
(25 explants per experiment), under a 16-h photoperi-
od (10 umol m—2.s-1 from a mixture of Sylvania Grolux,
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Claude ‘Lumiére du jour’ and Durotest ‘True-lite’) at
23 °C. The experiments concerning shoot apices and
embryonic axes were repeated once. The shoot apices
were maintained on the same medium for nine weeks,
whereas immature cotyledon and embryonic axis cul-
tures went of for five weeks. After these dates, callus
necrosis began. At the end of the culture, the numbers
of somatic embryos per cultured explant were record-
ed.

RESULTS

Shoot apices

Callogenesis began after two or three weeks. All
genotypes, except P arvense, produced compact
calli, the colour of which varied between yellow-
ish and green depending on the genotype. The
composition of the culture medium had no effect
on production, colour or compactness of the cal-
lus. The first somatic embryos appeared during
the third week of culture. The number of somatic
embryos per cultured explant varied widely with
genotype and culture medium (fig 1) and was
also independent of texture and colour of the cal-
lus. Whether embryo production was abundant or
not, somatic embryos appeared asynchronously:
after three weeks of culture, embryos could be
formed continuously. On DS medium, the most
productive genotypes were Cl 830, CAFST 71, P
arvense and P elatius. Krilla, Twiggy, Golf and

Ascona were not embryogenic and the 21 other
genotypes formed few embryos (0.02-0.56
embryo per cultured explant). Most of the geno-
types produced more embryos on PF medium
than on DS medium (fig 1), but Krilla and Twiggy
remained poorly embryogenic. In the same way,
somatic embryogenesis in Diabolo, Choque, P
speciosum, P mesomelan and P transcauca-
sicum was not affected by medium modification.
The most productive genotypes on DS medium
saw their productivity multiplied by 2 (P elatius),
2.4 (CAFST 71), 3.1 (Cl 830) and 4.7 (P
arvense). The productivity of P axiphium was
greatly increased: only 0.17 embryo was formed
per explant cultured on DS whereas 6.95
embryos per cultured explant were formed on PF
medium. Thus, there was a genotype x culture
medium interaction: some genotypes were poorly
embryogenic on both media whereas others,
such as P axiphium, produced more embryos on
fructose-containing medium than on saccharose-
containing medium.

Most of the genotypes (22 out of 29) produced
more somatic embryos when fructose at 336 mM
substituted sucrose. It should be pointed out that
fructose enhanced somatic embryo production
without impairing embryo development: with the
four most productive genotypes on DS medium,
40-60% of the embryos remained at the globular
stage, whereas on PF, about 70% of the
embryos reached the torpedo-shaped and cotyle-
donary stages.

Table II. Composition of media for the culture of the three types of explants.

Constituent Media for culture
of shoot apices
DS PF
Mineral salts MS!1 MS
Vitamins B5 B52
Carbohydrate Sucrose Fructose
(84 mM) (336 mM)
Growth 2,4-D Picloram
regulator (4.5 uM) (4.5 uM)
Agar 0.7% 0.7%
pH 5.7 5.7

1 Murashige and Skoog (1962); 2 Gamborg et al (1968).

of immature cotyledons

Medium for culture
of embryonic axes (EA)

Medium for culture

PS PM

MS MS MS

B5 B5 B5
Sucrose Maltose Sucrose
(84 mM) (168 mM) (84 mM)
Picloram Picloram Picloram
(4.5 uM) (4.5 uM) (22.5 uM)

0.7% 0.7% 0.7%
5.7 5.7 5.7
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Fig 1. Somatic embryogenesis from shoot apices in a range of 29 Pisum cultivars or species. The numbers of globular, torpedo and
cotyledonary somatic embryos per cultured explant were recorded after 9 weeks on DS medium (A) or PF medium (B). Data are the

mean of two independent experiments.
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Immature cotyledons caused by the excision of the axis after 10-15
days of culture. All genotypes produced compact
calli whose colour varied between yellow and
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Fig 2. Somatic embryogenesis from immature cotyledons in a range of 29 Pisum cultivars or species. The numbers of globular,
torpedo and cotyledonary somatic embryos per cultured explant were recorded after 5 weeks on PS medium (A) or PM medium (B).
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Fig 3. Somatic embryogenesis from embryonic axes in a range of 29 Pisum cultivars or species. The numbers of globular, torpedo
and cotyledonary somatic embryos per cultured explant were recorded after 5 weeks on EA medium. Data are the mean of two

independent experiments.

calli. The first somatic embryos appeared during
the first week of culture. Embryo differentiation
was more synchronous than with shoot apices: at
the end of the fourth week, the formation and the
development of the somatic embryos were over.
Whatever the genotype, somatic embryogenesis
occured on the callus, at the proximal end of the
cotyledon, on the abaxial side, rarely on the side
facing the culture medium. Cl 830 was widely
more embryogenic than the other genotypes (fig
2). For 20 genotypes, the supply of maltose
increased the number of somatic embryos per
cultured explant. Among the best genotypes on
PS medium, the productivity of Ci 830 was multi-
plied by 2.5 on PM medium and that of CAFST
71, P arvense, Filigreen and Bikini was multiplied
by 1.3-1.8. The productivity of P elatius was
increased threefold on maltose-containing medi-
um. On the other hand, for nine genotypes (Kirilla,
Twiggy, Golf, Rosakrone, Baccara, Choque, P
speciosum, P transcaucasicum, P abyssinicum),
the use of maltose instead of sucrose did not pro-
mote somatic embryogenesis and even reduced
it in P speciosum. The production of somatic
embryos was higher on PM medium compared to
PS medium in P transcaucasicum and P
abyssinicum but the number of somatic embryos
remained low (fig 2). Substituting maltose to
sucrose resulted in a moderate but real increase
in production of somatic embryos for 20 geno-

types out of 29 tested. Whatever the sugar, most
of the embryos remained in the globular stage.
This was a feature common to the genotypes.

Embryonic axis culture

A compact, generally not abundant callus
appeared during the second week of culture,
from the wounded areas caused by the excision
of the cotyledons. The colour of this callus varied
between yellow and green according to geno-
type, irrespective of embryogenic ability. Cell pro-
liferation could also occur on the root during the
third week. The first somatic embryos were
formed after 3—4 weeks of culture in the pre-
existing axillary meristem area of the cotyle-
donary node. Some somatic embryos could also
appear on the shoot apex of the axis. Embryonic
axes were less embryogenic than both other
explants. In addition, about 80% of the somatic
embryos remained in the globular stage. Cl 830
was the most productive genotype (fig 3). CAFST
71 and P transcaucasicum were also rather
embryogenic and the other 26 genotypes were
poorly or not embryogenic. In general, forage
peas and field peas, except Tipu, were not
embryogenic.
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DISCUSSION

Regardless of culture medium and explant, all
genotypes were able to produce at least one
embryo. Nevertheless, two garden pea cultivars
(Krilia, Twiggy), one forage pea (Golf) and one
field pea (Choque) always formed less than 0.5
embryo per cultured explant. It should be pointed
out that the field pea cultivars used in this study,
except Tipu, are genetically linked: all include
some germplasm from the cv Finale in their
genetic background. Ranch (1993) explained the
low genotypic effects often observed in soybean
somatic embryogenesis by a narrow genetic
basis. We also have to note that Cl 830 and CAF
ST 71, which expressed relatively high embryo-
genic potential regardless of explant nature and
culture medium, are genetically linked: CAF ST
71 descends from a cross with Cl 830 as one
parent. The most productive genotypes on the
non-optimized media also gave the highest
response on the optimized media, although
genotype x culture medium interactions occurred.
Shoot apices of P axiphium and immature cotyle-
dons of P elatius were particularly responsive to
the modification of the medium. Such genotype x
culture medium interactions were previously
described in alfalfa (Wan et al, 1988) and soy-
bean (Komatsuda et al, 1991). Some non-
embryogenic genotypes on the non-optimized
medium have produced few somatic embryos on
the optimized medium. This was the case for cul-
tures of shoot apices in Krilla, Twiggy, Golf and
Ascona and cultures of cotyledons in Baccara.
Within the Gramineae, Vasil (1987) assumed that
differences in regenerative ability between geno-
types may be caused by different physiological
states rather than genetic factors. This was not
the case in our experiments, at least for the cul-
tures of cotyledons: whatever the genotype,
younger or older cotyledons were no more
embryogenic than those used in the present
study, and the relative ability of each genotype
was unchanged (data not shown).

Embryonic axes gave poor results and
attempts to enhance their productivity faiied
(Loiseau, 1996). This could be caused by hypox-
ic pretreatment of tissues during the imbibition of
seeds. The stimulation of somatic embryogenesis
in shoot apex or immature cotyledon caused by
substituting fructose or maltose to sucrose as
previously shown with Cl 830 (Loiseau et al,
1995), was confirmed here with 22 genotypes out
of 29 for cultures of shoot apices and 20 geno-
types out of 29 for cultures of immature cotyle-

dons. This shows that the crucial role of exoge-
nous carbohydrate in somatic embryogenesis in
pea was not a particularity of Cl 830. High sugar
concentrations have been also required for
somatic embryogenesis in Helianthus annuus L
(Finer, 1987), Panax ginseng (CA Meyer) (Asaka
et al, 1994) and for somatic embryo development
in Picea mariana (Mill) BSP and Picea rubens
Sarg (Tremblay and Tremblay, 1991). Sugars
have acted as osmotic agent, at least in part,
when their concentrations were high (Denchev et
al, 1991; Tremblay and Tremblay, 1991). In the
cultures of shoot apices of Cl 830, glucose at 336
mM and sucrose or maltose at 168 mM were less
effective than fructose at 336 mM (Loiseau et al,
1995). In addition, sucrose, fructose or glucose at
168 mM reduced the production of somatic
embryos compared to maltose at the same con-
centration in culture of immature cotyledons
(Loiseau, 1996). Consequently, the promotive
effect of fructose at 336 mM and maltose at 168
mM compared to sucrose at 84 mM, in cultures
of shoot apices and immature cotyledons respec-
tively, was linked to the nature of carbohydrate
rather than to the osmotic potential of the culture
medium. Fructose has not been frequently intro-
duced in media used to sustain somatic embryo-
genesis. Fructose has enhanced somatic embryo
production in Rosa rugosa Thunb (Kunitake et al,
1993) and embryo development in Picea rubens
Sarg (Tremblay and Tremblay, 1991). The pro-
motive effect of maltose on embryo production
has been demonstrated in soybean (Ranch et al,
1986), alfalfa (Strickland et al, 1987) and in
anther and microspore cultures (Batty and
Dunwell, 1989; Scott and Lyne, 1994). Knowing
the pivotal role played by exogenous sugar in
somatic embryogenesis in pea, we could suspect
differences in the metabolism of carbohydrates
between genotypes. It can be underlined that
garden pea cultivars (except Krilla and Twiggy),
which on average show a better embryogenic
response than field peas, also present a wrinkled
seed type, more frequently associated with high-
er soluble sugar content and lower starch content
than round seeds (Strickland and Wilson, 1983).
In addition, Wang et al (1987) showed that the r
locus had a clear effect on water content and
osmotic potential in immature cotyledons, in vivo
as well as in vitro. Thus, it may be interesting to
undertake biochemical studies concerning
enzyme activity involved in carbohydrate metabo-
lism during cultures of shoot apices and imma-
ture cotyledons within a range of genotypes.

Whatever the genotypes or the explants, the
protocols have to be improved in order to obtain
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calli composed in a large part by embryogenic
cells, and to increase the number of cotyledonary
embryos. Nevertheless, this system allowed plant
recovery (Loiseau, 1996; Loiseau et al, 1995)
and it may be suitable for transgenic plant regen-
eration. In addition, it is now possible to study the
genetic control of somatic embryogenesis in pea,
as was done earlier (Bencheikh, 1992).
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