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The Development and Maturation of the Elaiosome
of Dicentra formosa (Andr.)Walp.

I. INTRODUCTION

Myrmecochores are plants which have evolved special

physiological adaptations providing them with a unique

type of seed dispersal. Workers of certain ant species,

primarily, Formica, Lasius, and Myrmica, collect seeds

equipped with a fleshy, usually white, appendage, the

elaiosome, which the ants use for food. During transport

to the ant nest, some seeds are dropped after the append-

age has been chewed off (Uphof, 1942; Berg, 1954). Other

collected seeds are taken to the ants' nest and either

buried in the nest, or discarded in the ants' trash heap

(Sernander, 1906; Ridley, 1930; Berg, 1954). Thus the

seeds, unharmed by the ants, are moved some distance from

the parent plant.

The majority of plants with ant-dispersed seeds are

small, temperate woodland plants which flower in early

spring or summer (Weiss, 1908; Berg, 1966; van der Pijl,

1969; Meeuse, 1973). The seeds reach maturity in early

summer when ants are most active (Sernander, 1906; Uphof,

1942; Meeuse, 1973).

Cells making up an elaiosome contain fat or oil which

presumably serves as a food source for the ants. Some

investigators suggest that starch or sugar may be present
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also (Bresinsky, 1963; Meeuse, 1973). Elaiosomes origin-

ate in a number of ways. They may develop from the seed

coat or from the pericarp (Berg, 1969, 1972), from the

receptacle or from the raphe (Ridley, 1930), or from var-

ious other tissues (Sernander, 1906; Meeuse, 1973). Re-

gardless of the origin of the elaiosome, its cells are

narrowly adapted for one purpose to serve as a food

source for ants. Thus certain physiological and develop-

mental processes must occur in these cells which make them

different in the mature seed from all other cells of simi-

lar origin.

Dicentra formosa (Andr.)Walp. is a typical myrmeco-

chore. Each seed has a large, white, very conspicuous ap-

pendage attached in the region of the hilum (Figure 1).

Berg (1969) demonstrated that this appendage is instru-

mental in the dispersal of the seed by ants. In the same

paper, Berg outlined the developmental steps and the basic

cytology of the Dicentra formosa elaiosome.

The primary purpose of the present investigation was

to study the developmental ultrastructure of elaiosome

tissue.
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II. REVIEW OF LITERATURE

Some of the earliest observations in the field of

myrmecochory, or seed dispersal by ants, were reported by

Robertson in 1897. He identified several North American

species which seemed to be dispersed by ants, and was one

of the first to conclude that, for the ant, the main at-

traction of the seed appeared to be the fleshy appendage.

Sernander (1906) proposed the term "myrmekochores"

for those plants with seeds dispersed by ants. He also

coined the term elaiosome, or oil -body, for that portion

of the seed which contains the substance attractive to the

ants. In his classic paper in which he studied hundreds

of European myrmekochores, Sernander classified the plants

into groups based on the origin and type of elaiosome

present. This Swedish naturalist was the first to employ

actual field experiments in his studies of dispersal. In

these experiments, a number of seeds of each of two or

three plant species, some thought to be myrmecochorous,

others non-myrmecochorous, were placed in an area fre-

quented by ants. The removal of the seeds by the ants was

then recorded. He thus identified those seeds that were

ant-dispersed. To support his thesis that the elaiosome

is the attracting body for the ants, Sernander then re-

peated the experiments using normal seeds and seeds de-

prived of their appendage. The ants were found to con-
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sistently select only those seeds with appendages still

attached, while they rejected those seeds with their ap-

pendages removed. Ant specimens were also collected and

identified.

After Sernander's work in Europe, a number of papers

identifying North American myrmecochores were published

(Weiss, 1908, 1909; Gates, 1940, 1941, 1942, 1943; Nord-

hagen, 1959). None of these papers reported any struc-

tural details of the elaiosome. Not until the work of the

Norwegian botanist Rolf Berg were cytological and embryo-

logical methods, along with observations in the field,

used in describing myrmecochorous plants. Berg studied an

assortment of plants: Pedicularis (1954), Trillium (1958),

Scoliopus (1959), Dendromecon (1966), Dicentra (1969), and

Vancouveria (1972). His work on these genera greatly in-

creased knowledge concerning development, ecology, and

phylogeny of the elaiosome.

Sernander (1906) seems to have been the first to con-

clude that elaiosomes contain oil which serves as the at-

tractant for the ants. He also believed that the oil

served as the food source the ants were seeking. From

this point on, researchers accepted the idea that oil was

present in the elaiosome, but Berg was the first to give

conclusive evidence by the use of Sudan IV. Nordhagen

(1959) subsequently showed the presence of oil in the

elaiosomes of Stylophorum diphyllum, Hylomecon japonica,
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and Sanguinaria canadensis. Meeuse (1973) concluded that

ants are seeking sugar as a food source and that the oil

is only an attractant or an added bonus. Bresinsky (1963),

in a thorough study of the substances contained in a vari-

ety of elaiosomes, found that they contain glucose, fruc-

tose, and saccharose in fairly high concentrations. In

addition to fats, Bresinsky also found free fatty acids.

He demonstrated the presence of ricinoleic acid by means

of both paper and gas chromatography. Bresinsky also

showed that ricinoleic acid causes a strong collecting im-

pulse in ants and that elaiosomes contain a high enough

concentration of the acid to cause this response.

Two genera in the Fumariaceae contain elaiosomes;

Corydalis and Dicentra. Both Sernander (1906) and Bresin-

sky (1963) made cytological studies of Corydalis and the

elaisomes appear to be fairly similar to those found in

Dicentra. Until Berg's work in 1969, no work had pre-

viously been done on Dicentra formosa, since myrmecochory

was known only for D. spectrabilis (Nordhagen, 1935, 1959;

Sernander, 1941; Gates, 1943; Lagerberg, 1944).

Berg (1969) carried out a thorough study of myrmeco-

chory in the genus Dicentra, in which he outlined the

basic cytology of the D. formosa elaiosome. He found that

appendage tissue begins to differentiate from the outer

epidermal layer of the integument just prior to fertiliza-

tion. Developmental stages beyond this are described
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briefly, but not in any great detail.

The present work is an examination of the fine struc-

ture of the elaiosome of Dicentra formosa and of the de-

velopmental changes occurring as the elaiosome matures.
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III. MATERIALS AND METHODS

Seeds of Dicentra formosa were collected from the end

of May until the first of July in both the Cascade and

Coast Ranges. To simplify the developmental study of the

appendage, flowers and fruits were collected in five

recognizable stages of maturation. In the text the devel-

opment will be discussed in terms of these five stages:

Stage 1- flower closed (prefertilization)

Stage 2- flower open, no capsule visible
protruding from the flower

Stage 3- capsule from just visible as a
protrusion from the flower to
about lcm beyond the flower tip;
appendage visible, but only about
half the mature size.

Stage 4- capsule almost full size; large
white seeds with what appear
full-sized appendages

Stage 5- full-sized capsule; black seeds
with mature appendages (capsule
will burst very easily with
little or no handling)

Seeds from the five stages and appendages alone from

stages three through five were fixed for light and trans-

mission electron microscopy. In addition, seeds and ap-

pendages at full maturity (Stage 5) were prepared for

scanning electron microscopy.
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Sample Preparation and Embeddment

Freshly collected seeds and appendages were fixed in

cold Karnovsky's solution (Karnovsky, 1965) for 8-16

hours. The samples were placed in a vacuum of 15-20mm for

the first hour of fixation, then the vials were moved to a

rotator in a 4°C refrigerator for the remainder of the

fixation period. The samples were then rinsed in four 15-

minute changes of cold 0.2M cacodylate buffer, pH 7.2, and

postfixed in a 2% solution of cold osmium tetroxide in

0.2M cacodylate buffer. A vacuum was again used to aid

penetration, after which the vials were again transferred

to the rotator in the refrigerator. After 8-12 hours in

the 0s04, the samples were rinsed for 20 minutes in cold

buffer and then run through an acetone series (10%, 30%,

50%, 70%, 95%, 100%). All vials were placed on the rota-

tor in the refrigerator during dehydration. A second

change of 100% acetone was made, and after 10 minutes in

the refrigerator, the vials were moved to a rotator at

room temperature for 10 minutes. Propylene oxide was used

as the transitional solvent as described by Luft (1961).

The samples were then embedded in a stock solution of

Epon-Araldite mixture which gave both good thin and thick

sections. The stock solution was made by combining 53cc

Dodecenyl Succinic Anhydride (R.P. Cargille Laboratories,

Inc.), 35cc Araldite 6005 (R.P. Cargille Laboratories,
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Inc.), and 12cc Epon 812 (Pelco Electron Microscopy Sup-

plies). An accelerator, 2% benzyldimethylamine (Pelco EM

Supplies), was used only in the final solutions in which

the samples were embedded.

Light Microscopy

Semi-thin sectionsl were cut with glass knives on a

MT-1 Porter Blum Ultra-Microtome and mounted on glass

slides. From the sections cut from one block, some were

stained with Sudan black according to the procedure rec-

ommended by Bronner (1975), some were stained with safra-

nin (Jensen, 1962), some were stained with toluidine blue

(Feder and O'Brien, 1968), some were stained with Periodic

acid-Schiff's reagent (Jensen, 1962), while others were

stained with a combination of two of these stains. The

Sudan black staining procedure is one which demonstrates

simultaneously the presence of starch and lipid, while

Periodic acid-Schiff's reagent demonstrates starch. The

lA note on the sectioning of material: In sectioning the
material from the various stages, only in the case of
whole seeds was an attempt made to orient the plane of
section. In these cases longitudinal sections were cut
which were then used for light microscopy. Detached elaio-
somes for Stages 4 and 5 were also sectioned for light
microscopy. In these blocks no orientation was possible
due to the asymmetry of the elaiosomes; so some of the sec-
tions were cut parallel to the cell length, while others
were cross-sections.

For electron microscopy the same methods were applied,
but were complicated by the size limitations of the block
face.
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other two stains were used to demonstrate general cytology.

Photographs were taken with a Zeiss Universal microscope

and either Kodak 35mm high contrast copy film, or Cronar

graphic arts film.

Transmission Electron Microscopy

Thin sections were cut from the same Epon-Araldite

blocks used for light microscopy. The sections were

mounted on 100 mesh nickel grids and stained with uranyl

acetate (Frasca and Parks, 1963) and lead citrate (Venable

and Coggeshall, 1965). They were observed and photographed

on a Phillips EM 300 electron microscope.

Scanning Electron Microscopy

Whole seeds and appendages were collected and fixed

in cold Karnovsky's fixative for 8 hours, rinsed in four

15-minute changes of cold 0.2M cacodylate buffer, pH 7.2,

and dehydrated in a cold acetone series. Throughout the

fixation, rinse, and dehydration the samples were placed

on a rotator in a 4°C refrigerator. The acetone was then

removed with an intermediate fluid of cold trichlorotri-

fluoroethane (Genesolv). The seeds or appendages were

then put into a Bomar SPC-900 critical point drier to

which the transitional fluid, Freon 13 (dichlorodifluoro-

ethane) was added. Specimens were mounted on metal pegs

and coated with a thin layer of gold-palladium. Obser-
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vations and photographs were made on an International

Scientific Instruments Mini-SEM Model MSM -2,



12

IV. OBSERVATIONS

General Morphology of the Seed and Elaiosome

The fruit of Dicentra formosa is an oblong capsule

(Figure 4) possessing two parietal placentae bearing num-

erous ovules (Peck, 1961) Dehiscence occurs along two

lines releasing the mature seeds which have detached from

the placentae. It has been my experience that often, when

dehiscence occurs, many of the seeds have already been re-

moved from the capsule by ants which have chewed through

the capsule wall. This eagerness on the part of the ants

demonstrates the pronounced attractiveness of the elaio-

some to the ants. Berg (1969) also makes reference to

this premature harvesting of the seeds by the ants.

The seeds of D. formosa are reniform, lustrous black,

and muricate-papillate (Figures 1, 5, and 6). The most

conspicuous feature of the seed is the elaiosome which is

attached at the region of the hilum within a longitudinal

fissure (Figures 2, 3, and 6). The region of cells which

serves to attach the appendage to the seed is termed the

foot (Figure 7). The size of the seed is approximately

2mm by lmm, while the elaiosome is 1.4mm long and lmm wide.

Berg (1969) found that the seed appendage is of epi-

dermal origin. At the time of fertilization, a distinct

crest is apparent along the entire length of the raphe.

This crest is 15-20 cells long and is formed from epider-
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mal cells through enlargement and repeated periclinal di-

vision (Figure 8A). The appendage cells continue to di-

vide and enlarge throughout the entire period of seed

growth to become true giant cells at maturity (Figures 8B,

C, and D) (Berg, 1969).

Stage 1

Although Stage 1 seeds are prefertilization, the

elaiosome has already become differentiated from the sur-

rounding epidermal tissue. The elaiosome is visible as a

small ridge on the funicular side of the ovule and is com-

posed of approximately a dozen cells (Figure 9). Figure

10 shows that at this early stage there is very little

lipid present.

Electron microscopy of Stage 1 elaiosome cells re-

vealed cells slightly larger than surrounding epidermal

cells and with several cytological features indicating

their divergence from epidermal tissue. The elaiosome

cells are much more vacuolate and much less regular in

shape than cells nearby (Figures 11 and 12). The cells

are not compacted together, but contain numerous inter-

cellular spaces. Higher magnification shows cells with

large nuclei, numerous mitochondria, a small amount of

lipid, and starch granules inside plastids (Figure 13).

Plasmodesmata between neighboring elaiosome cells are very

conspicuous.
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Stage 2

Between Stages 1 and 2 the cell and vacuole enlarge

and cell division occurs, as evidenced by the increased

number of cells making up the elaiosome. Large nuclei are

still quite visible (Figures 14 and 15) as are other

organelles (Figures 16 and 17). The cell wall is very

thin during this stage, with plasmodesmata again present,

but not so obvious as in Stage 1. There is a small amount

of lipid present (Figure 14) and starch granules, inside

plastids, are found throughout the cells.

Stage 3

Examination of fresh Stage 3 seeds (unaided by a dis-

secting scope) reveals the presence of a small, yet char-

acteristic elaiosome. The two wings (see Figure 7) are

visible and the elaiosome is large enough to be easily

separated from the rest of the seed.

Light microscopy discloses enlarged cells with the

emptiness characteristic of later stages (Figure 18). The

large nuclei are still fairly visible during this stage.

Closer examination of the cells with the electron

microscope shows that the cytoplasm has become disrupted

in many areas by vesicles (Figure 19). A large amount of

starch is present, more than is found in any other stage

(Figure 20). Conspicuous amounts of lipid are absent.



15

Stage 4

Enlargement of the elaiosome cells has continued in

the transition from Stage 3 to Stage 4. There is little

cytoplasm in the cells compared to their enormous size,

and what is present is found in caches distributed along

the cell wall (Figures 21, 22, 23 and 24). The cell wall

appears thicker and much more irregular than in the earlier

stages (Figures 23 and 24). Organelles are found in the

caches of cytoplasm. The nucleus is still present as are

mitochondria, rough endoplasmic reticulum, Golgi, and plas-

tids containing large starch granules (Figures 23, 24, and

25).

In other areas of the cytoplasm are large pockets of

lipid droplets (Figure 26). These droplets are inter-

spersed with large numbers of vesicles, along with a few

mitochondria and other organelles.

Stage 5

Stage 5 seeds are fully mature, with elaiosomes ready

to be collected by ants. The seeds in many cases have al-

ready detached from the placentae. Elaiosome cells at this

stage are extremely large and have become true giant cells.

Large quantities of lipid droplets are present (Figures 27

and 28) as revealed by light microscopy sections stained

with Sudan black. Small amounts of starch, plus a few
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mitochondria, ribosomes, and nuclei are also visible (Fig-

ure 29)0 The cytoplasm is again found in caches along the

cell wall and near one end of the cells These areas of

cytoplasm are very vesicular with numerous mitochondria,

rough endoplasmic reticulum, and some plastids containing

starch (Figures 30, 31, 32, and 33)0 The greatest portion

of the cell wall appears as in Figure 340
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V. DISCUSSION

In Dicentra formosa, successful seed dispersal de-

pends upon ants which carry the seeds away from the parent

plant. A variety of morphological and anatomical features

related to myrmecochory have evolved throughout the plant

which allow for this type of dispersal (Sernander, 1906;

Berg, 1969). The elaiosome, which serves as an attractant

and a food source for the ants, is one such feature. The

function of the elaiosome has long been known, but few in-

vestigators have looked at this specialized tissue in any

depth. Although Berg's work on Dicentra in 1969 included

a study of the development and cytology of the elaiosome,

his work reveals little of the uniqueness of the elaio-

some cell. The present investigation takes a detailed

look at the anatomy and cytology of this important tissue.

As the observations reveal, differentiation and spe-

cialization of the elaiosome begins almost immediately.

During Stage 1 when elaiosome tissue first becomes dis-

tinguishable from the surrounding epidermal tissue, the

presence of a large vacuole is a primary characteristic.

The irregularity and larger size of the cells also be-

comes obvious upon comparison to other cells nearby. The

numerous and very prominent plasmodesmata were found only

between neighboring elaiosome cells, not between elaio-

some and epidermal cells. What function they serve is not
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evident, since they are not found in the later stages.

Cell division continues until Stage 3, when size in-

crease in the elaiosome takes place presumably by cell en-

largement alone. Just when cell division ceases is not

clear, since a dividing nucleus or cell was never ob-

served. Cell division may continue into later stages in

the elaiosome foot where the cells are much smaller. The

cytoplasm of Stage 3 cells becomes disrupted by many

vesicles. Whether this is related to the tremendous en-

largement that takes place between Stages 2 and 3 is not

evident. These vesicles persist and later become asso-

ciated in Stages 4 and 5 with the areas of lipid accumula-

tion. Some enlargement takes place after Stage 3, then

the cell walls thicken as maturation approaches.

Lipid formation must be initiated during Stage 3 be-

cause by Stage 4 lipid is beginning to accumulate. Stage

4 cells appear to be metabolically active with many Golgi,

mitochondria, and much rough endoplasmic reticulum in

evidence. Presumably these organelles are somehow re-

sponsible for the production of the massive amount of

lipid found in Stage 5 elaiosome tissue. This large

buildup of lipid is not found until Stage 5 when the seeds

are mature and ready for dispersal.

That there is sufficient lipid (and starch?) present

to be a significant food source for the ants is indicated
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by the Sudan black stain. The presence of lipid has not

been doubted by any investigator, but the position of it

within the cell was not made clear by Sernander (1906),

Bresinsky (1963), or Berg (1969), the only three who have

done cytological work on Dicentra or related species. All

three indicate, through line drawings, lipid dispersed as

droplets throughout the cells. My observation with both

light and electron microscopy has been that the lipid is

concentrated in certain areas and planes along the cell

wall, particularly near the ends of the cell (Figures 27

and 28).

Several questions are still left unanswered. What is

the primary food source for the ants, the starch or the

lipid? This is a question upon which most investigators

disagree. Bresinsky (1963) has shown that ricinoleic acid

is found in a wide variety of elaiosomes and that it is a

strong attractant to ants. But whether ricinoleic acid or

other related fatty acids are found in D. formosa is still

to be determined. Meeuse (1973) argues that seeds and

ants are simply in the same place at the same time and

that the starch is the food source, while the lipid or oil

is simply a bonus. From my observations, in the Stage 5

elaiosome, which is the mature elaiosome collected by the

ants, there is insufficient starch to serve as a primary

food source. I think that the lipid serves the function
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as food source, at least in D. formosa. Meeuse's theory

also cannot explain why ants aggressively chew into the

unopened capsules for mature elaiosomes which have not yet

been released. Nor would his theory explain why earlier

stages which contain starch are not attractive to the ants.

There is probably not one concise answer which will fit

all types of elaiosomes, of which Do formosa is only one;

there is much work to be done in the area of biochemistry

before the complete picture is known.

I believe that the development and cytology of other

elaiosomes in the Fumariaceae are probably similar to the

one found in D. formosa, since their morphology and struc-

ture are very similar (Sernander, 1906, 1941; Nordhagen,

1935, 1959; Gates, 1943; Lagerberg, 1944; Bresinsky, 1963;

Berg, 1969). Other types of elaiosomes may or may not be

similar since their origins are varied.
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VI. SUMMARY

In this paper the elaiosome of Dicentra formosa was

examined with regard to its developmental cytology, with

the aid of histochemistry and the electron microscope.

Observations were made from the time of initial different-

iation of the elaiosome tissue in the prefertilized ovule

to the time of complete maturation when collection by ants

was impending. The collected seeds were divided into five

stages recognizable from the morphological development of

the capsule. Seeds and appendages in each of these stages

were at the same level of maturity which facilitated the

study of their development.

During Stage 1 in which the ovules were prefertiliza-

tion, elaiosome tissue has already become differentiated

from epidermal tissue. A small ridge of about a dozen

cells is visible along the funicular side of the ovule.

These cells being somewhat enlarged, less regular, and

with large vacuoles are strikingly different from the sur-

rounding epidermal cells of common origin. At this time

there are plastids containing starch granules, but little

lipid is present.

Stage 2 cells have become larger and more distinct

from other cells making up the seed proper. Cell division

has taken place, increasing the size of the elaiosome.

Starch is still prevalent, with only small amounts of
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lipid visible.

Stage 3 cells show a vivid change in cytology from

the preceding stages. The vacuole has enlarged tremend,

ously making the cells appear empty, and the cytoplasm has

become broken up by numerous vesicles. Cell division has

again taken place between these two stages, but seems to

cease at this point. The cells now only continue to en-

large in size. Starch granules are visible, but little

lipid is seen.

The cells of the Stage 4 elaiosome appear metabol-

ically active with numerous Golgi, mitochondria, and much

rough endoplasmic reticulum. Lipid droplets are quite

visible in caches of cytoplasm scattered throughout the

cell. These droplets are interspersed with numerous

vesicles and a variety of organelles.

At maturity, or Stage 5, lipid is found in great

quantities. This is the elaiosome sought by ants. Very

little is visible in these cells besides the vacuole.

Certain areas along the cell wall contain huge amounts of

lipid or cytoplasm which is broken up by vesicles.
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Figure 1. Fresh Stage 5 seed and elaiosome,
43X, 230um=lcm

side view.

Figure 2. Fresh Stage 5 seed and elaiosome,
43X. 230um=lcm

endwise view.

Figure 3. Fresh Stage 5 seed and elaiosome,
elaiosome.

top view of

43X. 230um=lcm

E - Elaiosome
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Figure 4. Drawing of mature Dicentra formosa flower and
capsule. The capsireIg1-4cm long and con-
tains 20-25 seeds.
Approximately actual size.
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Figure 5, Scanning electron micrograph of Stage 5 seed
and elaiosome.
43X. 230um=lcm

Figure 6. Scanning electron micrograph of Stage 5 seed
and elaiosome. Arrow indicates the hilum.
Above the hilum is a longitudinal fissure in
which the elaiosome is attached.
42X. 238um=lcm
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Figure 7. Detached Stage 5 elaiosome showing the elon-
gated area of attachment, the elaiosome foot.
90X. 110um=lcm

f - foot
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Figure 8. Drawings adapted from Berg's paper, "Adaptation
and Evolution in Dicentra (Fumariaceae) with
Special Reference to Seed, Fruit, and Dispersal"

A. D. formosa elaiosome cells at Stage 1. The
elaiosome cells are the ones with the large
nuclei drawn in.
280X. 36um=lcm

B. Longitudinal section through the entire seed
during Stage 2. The arrow indicates elaiosome
cells.
40X. 250um=lcm

C. Closeup of elaiosome cells pointed out in
figure B.
110X. 91um=lcm

D. Longitudinal section through the mature seed
and elaiosome (Stage 5). The appendage appears
smaller than in Figures 1-7 since this section
is through the center of the elaiosome, rather
than through one of the two wings which are
prominent in the other photographs. At g one
of the giant cells found in the mature elaio-
some is indicated. The arrow indicates the
foot.
28X. 357um=lcm

g - giant cell
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Figure 9. Photomicrograph of a thick-sectioned Stage 1
ovule, The section was stained with Periodic
acid-Schiff's reagent. The dark granules in-
side the cells are starch.
400X. 25um=lcm

Figure 10. Photomicrograph of a thick-sectioned Stage 1
ovule stained with Sudan black. Elaiosome tis-
sue is indicated by outlining. There is some
lipid present (dark granules) in the elaio-
some cells, but not a large amount.
620X. 16um=lcm

E - Elaiosome

Fu - Funiculus
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Figure 11, 12. Comparison of elaiosome cells (Figure 11)
with normal epidermal cells nearby (Figure
12) in the Stage 1 ovule. Comparing the
two cells with nuclei labeled, the differ-
ences are obvious, even at this early
stage (see text). The dark granules in
each of the cell types are starch.
4350X. 2.3um=lcm

N - Nucleus

V - Vacuole
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Figure 13. Electron micrograph of Stage 1 elaiosome cell.
21,200X. 0.47um=lcm

1 - lipid droplet

m - mitochondria

N - Nucleus

Nu - Nucleolus

S - Starch granules

- Vacuole

Arrows indicate plasmodesmata between elaio-
some cells.
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Figure 14. Photomicrograph of a Stage 2 elaiosome stained
with Sudan black and toluidine blue. The
elaiosome cells are the large, vacuolate ones
lying at' right angles to the'arrows. The
small black droplets in the cellS are lipid.
940X. 10.6um=lcm

Figure 15. Electron micrograph of several elaiosome cells
of Stage 2.
5300X. 1.89um=lcm

S - Starch
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Figure 16. Stage 2 elaiosome nucleus and part of the
cytoplasm at a higher magnification. The
arrows indicate plasmodesmata.
13,650X. 0.73um=lcm

Figure 17. A band of cytoplasm from a Stage 2 elaiosome
cell. The cytoplasm is not yet disrupted by
the vesicles found in the following stages.
Numerous organelles are also visible.
22,650X. 0.44um=lcm

g golgi apparatus

1 - lipid

m - mitochondria

N - Nucleus

Nu - Nucleolus

S - Starch

- Vacuole
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Figure 18. Cross-section through a Stage 3 elaiosome
stained with toluidine blue. Nuclei are in-
dicated by arrows. Notice the irregularity
of the cells and their empty appearance, The
developing seed is indicated at DS.
130X, 77um=lcm
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Figure 19. Area of Stage 3 elaiosome cell wall. The
cytoplasm has become disrupted by the numer-
ous vesicles.
20,700X. 0.48um=lcm

Figure 20. Stage 3 elaiosome cells. The large granules
are starch.
4850X. 2.1um=lcm

CW - Cell wall

m - mitochondria

V - Vacuole

v - vesicles
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Figure 21. Photomicrograph of a portion of Stage 4 elaio-
some cell. This section was stained with
Sudan black. The black droplets along the
cell wall are lipid, whereas the white spots
are starch granules.
1300X. 7.7um=lcm

Figure 22. Higher magnification of a Sudan black stained
Stage 4 elaiosome cell.
1900X. 5.3um=lcm

V -Vacuole
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Figure 23. A small portion of a Stage 4 elaiosome cell
with a large nucleus and several starch con-
taining plastids.
1500X. 6.7um=lcm

CW - Cell wall

g - golgi apparatus

m - mitochondria

N - Nucleus

Nu - Nucleolus

S - Starch

- Vacuole
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Figure 24. Area of Stage 4 elaiosome tissue. Note that
there is little cytoplasm, but in the area of
cytoplasm concentration numerous organelles
are present.
18,300X. 0.55um=lcm

CW - Cell wall

g - golgi apparatus

1 - lipid droplet

m - mitochondria

S - Starch

- Vacuole
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Figure 25. Stage 4 elaiosome cell.
24,550X. 0.4um=lcm

Figure 26. Pocket of lipid droplets in a Stage 4 elaio-
some cell.
12,900X. 0.77um=lcm

CW - Cell wall

g - golgi apparatus

1 - lipid droplets

m - mitochondria

rER - rough endoplasmic reticulum

S - Starch

- Vacuole

- vesicles
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Figure 27. Thick section of a Stage 5 elaiosome cell
stained for light microscopy with Sudan black.
The black droplets are lipid. This section
also demonstrates how the cytoplasm is distrib-
uted in certain regions of the giant cells.
920X. 10.9um=lcm
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Figure 28. Photomicrograph of a Stage 5 elaiosome stained
with Sudan black. Lipid droplets (black) can
be seen clearly, with numerous vesicles
(arrows) interspersed.
2000X. 5um=lcm.
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Figure 29. Cache of cytoplasm in a Stage 5 elaiosome cell.
A portion of a nucleus, lipid droplets, starch
granules, and the numerous vesicles are indi-
cated. Notice the empty appearance of the two
neighboring cells.
6800X. 1.5um=lcm

CW - Cell wall

1 - lipid

N - Nucleus

S - Starch

- Vacuole

- vesicle
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Figure 30. Tip of a Stage 5 elaiosome cell showing the
vesicular nature of the cytoplasm. Notice the
presence of numerous mitochondria.
5350X. 1.9um=lcm

CW - Cell wall

1 - lipid

v - vesicle
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Figure 31. Cache of cytoplasm of a Stage 5 elaiosome cell.
Notice how the cytoplasm is disrupted by num-
erous vesicles.
19,900X. 0.5um=lcm

Figure 32. Another micrograph of Stage 5 elaiosome cell
area.
13,800X. 0.72um=lcm

CW - Cell wall

m - mitochondria

S - Starch

- Vacuole

- vesicles
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Figure 33. Area of cytoplasm of Stage 5 elaiosome cell
with numerous lipid droplets, vesicles, and
mitochondria.
5700X. 1.75um=lcm

Figure 34. Typical area of Stage 5 elaiosome cell wall.
14,150X. 0.7um=lcm

CW - Cell wall

1 - lipid

V - Vacuole
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