ground of beans of Meso-American origin,
the behavior of this trait should also be stud-
ied when incorporated into larger-seeded
beans of Andean origin. This information will
help to determine if the dwarf outcrossing
trait may be useful for population improve-
ment of all or for only certain bean seed
types.
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Abstract.

Apium graveolens, somatic embryogenesis

Somatic embryos were induced from the primary callus of celery (Apium

graveolens L. cv. Utah Improved #15) arising from leaf blade explants placed on
Murashige and Skoog (MS) salts and vitamins medium supplemented with 9 pm 2,4-
D for 4 weeks and then subcultured to 2,4-D-free MS medium. The histological origin
of somatic embryos was from single cells along the surface of callus clumps. Embryos
proceeded in a standard developmental pattern through the globular-, heart-, and
torpedo-shaped stages. Secondary somatic embryos occurred on the cotyledons and
hypocotyls of primary embryos. Chemical names used: 2,4-dichlorophenoxyacetic acid
(2,4-D).

Somatic embryogenesis in celery was first
reported by Williams and Collin (1976a) and
has become a model system for the study of
this phenomenon. Histological studies were
carried out by Al-abta and Collin (1978) and

lings of “Utah Improved #15° celery (Takii
Seed Co., Tokyo, Japan) at the four-leaf stage.
Explants were surface-sterilized by soaking
the tissues for 10 min in 1.0% sodium hy-
pochlorite and rinsing three times with sterile

Zee and Wu (1979, 1980), who traced the
origin of celery somatic embryos to globular
structures embedded in the callus. The ob-
jective of this study was to histologically de-

Table 1.
production in celery.*

distilled water. Leaf blades were cut into 9-
to 25-mm? and petioles into 5-mm portions.
Explants were placed (either adaxial or abax-
ial side up) in 60 x 15 mm petri dishes
(seven explants per dish) containing 10 mi
of MS salts and vitamins medium (Mura-
shige and Skoog, 1962) supplemented with
9 uM 2,4-D and 87.6 mM sucrose. All media
were solidified with 3 g Gelrite/liter and the
pH was adjusted to 5.8 before autoclaving.
Cultures were kept under 1 wmol-s-'-m-2
PAR in a culture room for 4 weeks at 25C.
Production of somatic embryos. Primary
callus arising on the explants was transferred
to MS medium containing 87.6 mM sucrose
without 2,4-D to produce somatic embryos.
Cultures on semisolid medium were kept at
25C under low-intensity illumination (45
umol-s~**m-2? PAR) from cool-white flu-
orescent lamps on a 16-hr photoperiod.
Induction of somatic embryos and their
subsequent maturation on MS medium was
influenced by 2,4-D corcentration and ex-
plant source. Leaf blade and petiole explants
were grown on MS + 2,4-D and then trans-
ferred to MS without 2,4-D for 1 month (Ta-
ble 1). Petiole explants produced more callus
at 2.7 and 4.5 uM 2,4-D concentrations than
leaf explants, but the callus was nonembry-
ogenic and appeared white, transluscent, and

Effect of 2,4-D concentration and explant source on callus induction and somatic embryo

termine the cellular origin of somatic embryos Leaf blade explant

Petiole explant

in primary callus derived from leaf blade ex-

Callus No. Callus No.
plants. 2,4-D fresh wt somatic fresh wtv somatic
Callus induction. Explants were obtained (wM) (mg) embryos* (mg) embryos*
from the leaves of greenhouse-grown seed- 0 0 0 .
0.9 114 = 4.2 0 14.3 = 4.0 0
Received for publication 24 May 1988. Journal 2.7 20.0 = 6.7 20 =09 33.9 = 6.1 0
p _11.715 of the Purdue Univ. Agricultural 4.5 28.5 = 6.2 45 = 1.0 - 39.6 = 6.0 24 +13
paper no. 11,715 of the Purdu . Agric
Experiment Station, West Lafayette, IN 47907. 9.0 39.2 £ 7.1 8.6 = 3.0 23558 0
The cost of publishing this paper was defrayed in 13.5 270 = 7.0 25+10 16.0 = 5.2 0
part by the payment of page charges. Under postal ~ *Data are means of 30 observations.
regulations, this paper therefore must be hereby  YFour weeks on MS + 2,4-D medium.
marked advertisement solely to indicate this fact.  *Four weeks on MS medium without 2,4-D for somatic embryo formation.
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Fig. 1. Origin of cclery somatic embryos in leaf blade-derived callus cultures. (A) Embryogenic single cell. Bar = 50 wm. (B) Dyad after transverse
division of single cell. Basal ccll gives rise to suspensor. Bar = 50 wm. (C) Three-celled stage after a longitudinal division of terminal cell in dyad.
Bar = 50 um. (D) Six-cclled stage after the division of terminal cells and basal ccll (staincd by toluidine blue O). (E) Multicelled globular embryo in
callus. Bar = 25 pm. (F) Early globular cmbryo protruding from callus. Bar = 100 pm. (G) Late globular embryo on callus surface. Bar = 100 pm.
(H) Transversc scction of globular cmbryo showing cpidermal layer development. Bar = 100 wm. (I) Heart-shaped stage. Darkly stained cells from base
to cotyledonary region give risc to vascular strands. Bar = 100 pm. (J) Torpedo stagc. Bar = 200 um.

watery. Embryos produced from petiole cal-
tus were few and were only observed at 4.5
uM of 2,4-D. Callus from leaf blade ex-
plants was compact and light yellow; max-
imum callus (fresh weight) was produced at
9 uM 2,4-D. The highest frequency of so-
matic embryos also was produced from leaf
blade callus induced with 9 um 2,4-D.

Previous studies on somatic embryogen-
esis of celery (Williams and Collin, 19764,
1976b) indicated that the petiole was the op-
timum explant for induction of somatic em-
bryos. In this study, we found leaf-blade tissue
to be superior to leaf-petiole. Leaf explants
produced typical embryogenic-competent
callus characterized as compact, friable, and
light yellow. Callus induced on MS coentain-
ing a low concentration of 2,4-D showed poor
production of embryos, while concentrations
>9 wM inhibited embryo production.

In the present study, exposure of explants
to 9 um 2,4-D for 4 weeks was optimal for
induction of somatic embryos, but continual
exposure to 2,4-D suppressed embryo de-
velopment. This confirms that 2,4-D stim-
ulates embryo initiation from cultured cells
in celery but inhibits subsequent embryo de-
velopment.

M"‘iﬂ"“‘

»,"’t,‘p.»' .

Histology. Callus and tissue samples were
Fig. 2. Sccondary somatic cmbryos arising from the cotyledon. C = cotyledon; H = hypocotyl; ~ fixed in FAA [5 formalin : 5 glacial acetic
arrows point to secondary somatic embryos. Bar = 100 pm. acid : 90 ethanol (by volume)], dehydrated
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Fig. 3.
vascular strand of the hypocotyl; arrows point to somatic cmbryos. Bar = 50 wm.

using an ethanol-tertiary butanol series, and
embedded in paraffin (Paraplast). Embedded
tissues were sectioned at 8 wm and mounted
on glass microscope slides. Paraffin was re-
moved in a xylene-ethanol series; tissues were
stained with safranin and fast green (Sass,
1958).

Histological observations of embryogenic-
competent callus indicated that competent cells
were isodiametric and easily distinguished
from nonembryogenic cells by their darkly
stained nuclei and nucleoli (Fig. 1A). A
transverse division of an embryogenic single
cell (usually parallel to the callus surface)
formed a two-celled dyad (Fig. 1B). A three-
celled proembryo formed after a longitudinal
division of the terminal cell (Fig. 1C).
Transverse divisions of the basal cell and
each of the two terminal cells transformed
the three-celled proembryo into a six-celled
proembryo (Fig. 1D). Subsequent division
of terminal cells formed a multicelled glob-
ular embryo (Fig. 1E). The suspensor ap-
peared to degenerate and was not observed

HORTSCIENCE, VoL. 24(4), AucusT 1989

Secondary somatic embryos arising from the hypocotyl of a celery somatic embryo. V =

in mature somatic embryos. Globular em-
bryos protruded from the callus surface dur-
ing development (Fig. 1F). A prominent
epidermal layer, formed on the globular em-
bryo (Fig. 1H), was soon followed by vas-
cular strand development at the heart-shaped
stage (Fig. 1G). Darkly stained cells extend-
ing from the base of the embryo to the coty-
ledonary regions represent the initiation of
vascular strands (Fig. 1I). Heart-shaped em-
bryos developed into torpedo-shaped em-
bryos showing well-developed cotyledons
(Fig. 1J). Secondary embryos occurred with
high frequency on the cotyledons (Fig. 2)
and the hypocotyl (Fig. 3), which inhibited
growth of the apical meristem and limited
the conversion of primary somatic embryos
into normal plantlets.

Al-abta and Collin (1978) and Zee and Wu
(1979, 1980) have previously traced celery
somatic embryogenesis to the multicelled
globular stage, but, in this study, we further
traced the origin to a single cell. Single cell
origin of somatic embryos had been previ-

ously observed in carrot (McWilliam et al.,
1974) and jojoba (Wang and Janick, 1986).
The cytoplasm of the initial embryogenic
cells of celery were darkly stained by fast
green, indicating a condensed cytoplasm with
abundant starch. Nuclei and nucleoli of the
embryogenic cells were stained deep-red from
safranin, indicating a large volume of DNA.
These cytological characteristics are consis-
tent with previous reports in other species
(Haccius, 1978; Halperin and Jensen, 1967;
Konar et al., 1972). Vasil and Hildebrandt
(1966) have reported the development of so-
matic embryos from floating single cells in
liquid medium. In the present study, abnor-
mal divisions occurred from floating single
cells of celery, but their further development
into somatic embryos was not observed.
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