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ABSTRACT

Various ultrastruetural features fircxn chick embryo retinas of 
eleven to seventeen days of incubation are described. Special attention 
is devoted to the morphogenesis of primitive cilia destined to form the 
adult outer segments of rods and cones. Associated structures such as 
photoreceptor dendrites growing from the inner segment, clavate-like 
projections growing from basal centrioles, and striated rootlets grow
ing from these same.centrioles are also described.

The development of primitive cilia is shown to be paralleled by 
the synthesis and aggregation of both mitochondria and electron dense 
particles in the inner segments. Vacuolar structures displaying a 
membranous folding phenomenon are postulated to represent portions of 
the developmental sequence leading to the formation of mitochondria. 
Dense particles, found only in cone inner segments, are described as 
precursors to the adult oil droplet and observations concerning their 
growth are shown.



INTRODUCTION

The ultrastruetursl observation that some vertebrate retinal 
photoreceptors are derivatives of cilia was made more than a decade 
ago (28)„ Since that time anatomists have reaffirmed this fact and the 
conclusion has been drawn that probably all vertebrate retinal photo
receptors are derived in the same manner,, At the same time attempts 
were made to reveal the morphogenetic sequence from primitive cilia to 
the adult outer segments (7, 9, 19, 28, 30, 34). All of these studies 
stress the formation of lamellar discs or sacs which prevail in the 
adult outer segments and very little attention has been devoted to the 
eentriolar movements, formation of primitive cilia, and growth of primi
tive cilia. There have been no specific ultrastructural studies on oil 
droplet or photoreceptor dendrite genesis in relation to the retina.

Even before the advent of electron microscopy investigators 
recognized various periods of growth of the retina. Weysse and Burgess 
(37) describe periods of cell multiplication, readjustment, and final 
differentiation in the chick.

It is during the latter period that inner and outer segments 
develop. The period of final differentiation, occurring between the 
tenth day of incubation and hatching, yields a gradual growth in thick
ness of the retina to about 180 microns. First, undifferentiated cells 
of the outer nuclear layer elongate and form the inner segment. A 
fiber develops from one of two centrioles located in the most scleral 
portion of the inner segment. This fiber which grows out of the inner



segment was presumed to be the anlage of the outer segment,,
An asynehronism in growth rate of receptors has long been known 

to occur and in all literature reports the posterior pole of the retina 
exhibits a faster rate than do the more peripheral cells (36). In 
addition, the different cell types display a variable growth rate among 
themselves. Some authors reported that rod development is initiated 
before cone development (36) while others claim the reverse (26). Still 
others (3) believed that rods are derived from corns, and that the cone 
is merely an underdeveloped rod*

This paper describes the ultrastructure of morphogenesis of rods 
and cones in the chick embryo from the eleventh to seventeenth day of 
incubation. This involves the formation and growth of the primitive 
cilia with their associated centriolar movements, but included are ob
servations concerning the synthesis of oil droplets and a possible method 
of mitochondria genesis.



MATERIALS AND METHODS

Whole eyes from chick embryos of eleven to seventeen days of 
incubation and a few from older specimens were quickly removede After 
a small incision along the ora serrata, the cornea, lens, ciliary 
apparatus, and vitreous body were carefully lifted from the eyeball»
The remaining eyeeup was then flooded with cold fixative (4°C«,) and 
let stand approximately ten minutes. Next the eye was bisected thru 
the visual axis and subsequently each half was again bisected along the 
vertical meridian® Pieces of retina adjacent to the optic nerve en
trance, but from the region posterior to the equator and unattached to 
the pecten, were carefully teased away from the choroid and placed in 
a vial of cold fixative. In a few instances the retina, choroid, and 
sclera were left together throughout the preparation® fixation and 
embedment were by one of the following procedures:

1. OsO^
Specimens were fixed for one hour in 1,33% QsO^ buffered in 

s-collidine (l) at pH 7,5 (40G«). following fixation the material was 
passed directly into a series of graded ethanols (40Ce), cleared in 
propylene oxide, infiltrated, and embedded in either Epon 812 (16) or 
Maraglas 665 (33)♦ All polymerizations were carried out at 60°C.

2. OsO^
Retinas were placed for one hour in 1% OsO^ buffered in Millonig’s 

phosphate buffer (17) at pH 7.8 (40G.). Prior to dehydration, the
3



material was washed in eold buffer at pH 7.8. Following dehydration 
and clearing in propylene oxide, the specimens were embedded in 
MaragX&s 732. Infiltration was found best after a minimum of eight 
hours and dessication for a half hour, prior to polymerisation, was 
always necessary to remove bubbles from the tissue.

I3. Gluteraldehyde-Os 0̂
Tissue was fixed for two hours in 3% gluteraldehyde (25) 

buffered by Millonig•s phosphate buffer at pH 7.8 (4°C.). After washing 
overnight in buffer of the same pH and temperature, the material was 
post-fixed for one hour in 1% OsO^ buffered in the same manner. To 
facilitate easier orientation the specimens were sandwiched between two 
layers ©f 2% agar (6) just before dehydration. They were then cut into 
small blocks, cleared, and embedded in Maraglas 665 as before.

Thin sections were cut on a Porter-Blum microtome utilising
glass knives and sections were picked up on formvar coated, 150 mesh 
grids. Epon embedded material was stained with lead citrate solution 
(23) and Maraglas embedded material was stained by the double staining
technic of Pease (21), Micrographs were taken on both plates and 35 mm.
film with a Philips EM 100b electron microscope operating at 60 kv.

Most electron micrbscopists who have studied retinal photo
receptors clearly indicate problems with tissue preservation and the 
occurrence of artefacts.such as fragmentation and distortion. Pre
requisite to the present investigation, it was found that chick embryos 
older than about seventeen days of incubation, having relatively large 
outer segments, were ©specially susceptible to a sheering stress between



the bacillary and pigmented layers which might b© a source of mechani
cal damage. Howeveryounger materialsp having a lesser relationship 
between the two layerss were relatively unaffected by such a stress.



RESULTS

Identification of Rods and Cones

One of the difficulties encountered in the study of embryonic 
tissues is the recognition of specific cell types as a function of 
their adult appearancee Thick sections (l«=2 microns) from embryos of 
eleven to about thirteen days of Incubation, examined under the phase 
microscope, show very large inner segments protruding above the outer 
limiting membrane and at very regular intervals along the boundary. 
Closer observation with low power electron microscopy shows that these 
are, in fact, rather highly developed ellipsoids of inner segments.
They are densely packed with mitochondria, often exhibit a cilium, and 
always possess dense particles which later will be described as pre
cursors of the adult oil droplet.

Figure 1 is a representative picture of. this phenomenon. To 
the extreme left and right of the figure are portions of the ellipsoids 
just described. Figure 5 is one of these large ellipsoids, slightly 
older, and sectioned at an appropriate angle to show the cilium. Al
though not as clear, the latter is also apparent in inner segment #7
of figure 1 where a oentriole lies adjacent to a. cavity in the plasma 
membrane.

. It was not until after the observation of many similar sections 
that the full significance of this regular spacing and accelerated 
growth was realized. Again represented by figure 1, it was consistently

6



noted that from five to seven much smaller inner segmentss undergoing 
growth at different rates, were always situated between the previously 
described ellipsoids.

One of the smaller inner segments immediately to the left or 
right of the large ellipsoid gave the impression of being locked to it.
In the youngest specimens it is tucked under the bulbous projection of 
its neighbor such that their plasma membranes were immediately adjacent 
to one another and this relationship would exist vitreally to approxi
mately the myold region (Figs, 1 and 3), All other inner segments are 
separated by glial cells. Older specimens (Fig, 10) showed that the 
relationship was more than transitory and revealed a granular structure 
vitreal to the ellipsoid which is commonly referred to as the paraboloid. 
Ho other inner segments possessed this structure regardless of age.

From these observations it was postulated that this pair of 
inner segments corresponds to the double-cone. The larger structure 
with the oil droplet is equivalent to the chief member and the smaller 
is the accessory member. Further observations tended to confirm this 
classification in that the smaller accessory cone displayed unique fea
tures, While all other inner segments proceeded to form cilia and dense 
particles, it lagged behind displaying only large amounts of rough- 
surfaced eytomembranes and vesicular material, While all but a few of 
the other inner segments produced dense particles, it never did. Older 
specimens showed that all cell types with the exception of this boundary 
between chief and accessory cones were separated by glial cells. The 
latter is partially revealed in figures 1 and 3,
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One other cell type stands out in the group of five to six 

small inner segments now left between the row of double cones and it 
corresponds to inner segment #3 of figure 1, This cell is usually 
situated in the row in a position medial to the double cones and by 
about twelve days of incubation it is somewhat advanced over immediately 
adjacent cells with respect to primitive eilium formation. One day 
later (Fig. 16) the cell is equal to or a little larger than the chief 
cone. It possesses no dense particles$, has a relatively dense popula
tion of mitochondria and rough-surfaced eytoznembraneSi, and* although 
not shown in figure 16S displays a cilium.

Light microscope investigators (i4» 22) have reported that the 
chicken has single cones, double cones, and rods and that the number 
present decreases in that respective order„ Each cone contains an oil 
droplet which is either colorless or colored red, golden, or greenish- 
yellow.

The inner segment, without dense particles and a high growth 
rate is probably a rod. The remaining inner segments which can be shown 
to develop dense particles are probably single cones. No observations 
with respect to oil droplet color could be made.

Contrary to the observations of some light mierosooplats (36) 
it thus appears that cones, more specifically double cones, are the first 6 
photoreceptors to develop in the chick retina. Rods develop after the 
double cones and finally the single cones emerge. It is also now 
apparent that rods and cones arise as discrete units from undifferentiated 
cells of the embryonic retina and not from one another.



9
GentrioXes and Primitive Cilia

Studies of vertebrate visual cells reveal two centrioles at the 
apex of the inner segments„ The axes of these centrioles are generally 
perpendicular to one another (5, 18)„ The centrioles in the chick have 
a diameter of approximately .13 micron and a length of about .31 micron. 
The centrioles are made up of the nine circumferential pairs of fila
ments (Fig. 18) which are typical of non-motil cilia (31).

One of the interesting observations in this study was that prior 
to the alignment of the centriole pair in the apex of the inner segment$ 
only one centriole could be found in the vicinity. This information was 
derived from many single sections and a few serial sections. Despite the 
lack of specific evidence it seems likely that the existing single 
centriole must divide or duplicate by one of the methods described for 
cilia and flagella formation (31)«

. Because of the asynchrony in receptor cell development and be
cause of the seemingly analogous method by which rods and cones develop, 
the description of centrlolar movements and cilium formation will here 
be equated,. Figure 1 shows the critical aspects of early photoreceptor 
genesis. The transition from one to two centrioles is apparent by com
paring inner segment #2 and inner segment #5* Inner segment #6, 
believed to be the accessory member of a double cone, shows no centriole 
at all. It would seem, then, that the first step in the initiation of 
cilium formation is illustrated in inner segment #5 where one centriole 
has contacted the plasm membrane and the other lies in a position 
approximately perpendicular to it. From this point on the first



10
centriole mentioned will be referred to as eentriol© #1 and the 
centriole lying perpendicular to it will be known as centriole #2.

Although not obvious in figure 1$, upon contact with the plasma 
membrane centriole #1 develops a small basal plate or granule at its 
distal end. From this plate two central fibers grow toward the plasm 
membraneo At about the same time, fibers from the nine circumferential 
fibers of centriole #1, and somehow in conjunction with the two central 
fibers, initiate an evagination of the plasm membrane. The evagina- 
tion or outpoclceting of the plasm membrane is shown in inner segment #3, 

Inner1 segment #4- shows a cross section of the ciliary connection 
at approximately the level of the plasma membrane. Although the central 
fibers appear as one large tubule, it is consistent with the literature 
that it is probably, in fact, two fibers surrounded by a cavity (31)„ 

Adjacent to the connection described in inner segment #4 and 
slightly below the plane of the section are outlines of two radial 
olavate-like projections. One of these projections is more clearly shown 
in innersegment #3 and both of them are visible in figure 6.

The outer limiting membrane, described in light microscopy, cor
responds to attachment areas between Muller cells, between Muller and 
receptor cells, or between receptor cells in the case of double cones. 
Although somewhat distorted in figure 1, if this row of attachments is 
used as a reference point, differences in the location of aggregates of 
mitochondria can be seen. Inner segments #2 thru #6 have no mitochondria 
above the outer limiting membrane while the chief cones #1 and #7, possess
ing rather well developed cilia, display already well developed ellipsoids. 
Inner segment #3, previously described as a rod inner segment, and having
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just started the formation of a cllium, has a dens® concentration of 
mitochondria just below the outer limiting membrane. Inner segment #6 
shows only two mitochondria close to its nuclear region. Consequentlyp 
it seems that the initiation of cilium formation is somehow paralleled 
by the migration and synthesis of mitochondria,

Primitive Cilia and Photoreceptor Dendrites

On the basis of size# mitochondria concentration# and overall 
appearance# inner segment #3 of figure 1 represents the first stage of 
cilium growth. The length of the cilium is about ,3 micron and its 
width about ,22 micron. The subsequent growth stages involve both elong
ation and widening of the most distal portion of the cilium as in figure 2, 
Either the plasma membrane immediately surrounding the oentriole to 
cilium connection has invaginated into the inner segment or else the in
ner segment has proceeded to grow around the cilium itself. Fibers from 
the oentriole appear to traverse the length of the cilium following the 
contour of the ciliary bulb.

Another structure# commonly referred to as a striated rootlet# 
is present in figure 2, This filamentous structure grows from the base 
of oentriole #1 toward the side of the inner segment. Rootlet growth 
seems to parallel cilium growth.

Figure 4 shows.a cilium having roughly the same characteristics 
as figure 2 except that the invagination of the plasma membrane in the 
region of oentriole #1 is more pronounced. The diameter of the ciliary 
bulb is less and there is a very tight association between the walls of 
the invaginated inner segment and the ciliary bulb. This surrounding
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portion of the Inner segment appears to exert a restrictive force upon 
lateral enlargement of the ciliary bulb.

Figure 5 shows more exaggerated features over figures 2 and 4.
The extent of invagination and constriction of the cilium are much more 
pronounced. One of the inner segment processes formed by the invagina
tion has a distinct absence of mitochondria.

At this point it should be noted that figure 5 is a chief member 
of the double cone variety and is about three days of incubation younger 
than the single cone of figure 2. Howevers this should cause no con
fusion since previously the advancement in growth of double cones over 

all other types was clearly indicated.
Figure 6 is a developing photoreceptor showing a tremendous in

crease in length of the cilium. The cilium extends well beyond the limits 
of the inner segment and any constricting capacity of inner segment pro
jections around the cilium is not apparent. The projection to the right 
of the cilium is considerably longer than the one on the left and its 
uppermost portion indicates that it may be even longer but passes out of
the plan© of the section. The continuity between oentriolar and ciliary

1
fibers and the elavate projections on either side of centriole #1 are 
also apparent in this figure.

It has been mentioned that these developing photoreceptors have 
not been arranged according to age or cell type but according to the 
size of the cilium. This was done to show the growth of the cilia and 
to illustrate a seemingly consistent pattern of the inner segment 
processes developing to either side of the cilium. The rate of develop
ment is considerably faster in rods than in cones but the patterns
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appear similar.

The manifestation of the growth in these inner segment processes 
is a reduction in diameter and increase in length as shown in figure 7. 
The obvious gap in this part of the sequence is probably due to the very 
rapid growth rate. These processes are, in fact, very real and have 
been named "photoreceptor dendrites" by Wald (35). They stand as a 
palisade around the developing outer segment and have been described as 
lying in deep fissures of the outer segment in the adult animal.

In addition to the now apparent photoreceptor dendrite's, the 
single cone of figure 7 shows an increase in length of the oilium to 
about 1.4 microns, lateral growth of eilium, a dense population of mito
chondria in the ellipsoid, and rather large oil droplets.

Prior to the appearance of lamellar discs or sacs described by 
other authors, further differentiations of the photoreceptors seem to be 
the enlarging of the structures already present. Figures 8, 9 and 10 are 
representative micrographs of these phenomena. Figure 8 is a oblique 
section of a cone by virtue of the position of centriole #2 which is 
normally at right angles to centriole #1. Lateral and longitudinal en
largement of the Gillum is evident.

Figure 9 is a rod segment from a retina slightly older than that 
in figure 8 showing the greater length of the photoreceptor dendrites, 
arrival at a somewhat club shaped cilium, and the appearance of tubules 
or "morphogenetic material" in the apical portion of the cilium. Again 
the section is at a slightly oblique angle and the overall expanse of 
the cilium, especially with respect to the photoreceptor dendrites, may 
not be completely represented. It is evident from this picture and
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figure 10 that at this stage of development9 the rod outer segment is 
slightly advanced over the cone.

Figure 10 is the chief member of a double cone of which a portion 
of the accessory member inner segment lies to the right. One of the 
most noteworthy features of this picture is the now evident embedment of 
outer segments in the pigment epithelium and the growth of pigment 
epithelium processes down between the photoreceptor inner and outer seg
ments , Also evident at this stage are pigment granules in the cyto
plasmic processes of the pigment epithelium. Photoreceptor dendrites, 
although not perfectly clear in this particular picture, are intermingled 
among the processes of the pigment epithelium. Comparison of this micro
graph with figure 15 of the adult situation shows that, despite uncom
pleted development of outer segments, the pigment epithelium has 
morphologically reached a similar state of development.

Although it was not a specific intention in this study to follow 
morphogenesis beyond the seventeenth day of incubation, figures 11, 12, 
and 13 are included to further emphasize growth relationships previously 
described. They are all the result of approximately nineteen to twenty 
days of incubation. Figure 11 is a rod outer segment showing the club 
shaped nature and relatively greater degree of development over a con© 
of the same age (Fig. 13), with respect to lamellar discs. Figure 13 
shows the greater expanse in lateral dimension and is believed to be a 
representative intermediate between the ciliary and definitive eon© 
outer segment shape. Figure 12 is a portion of a cone photoreceptor 
showing more clearly the striated rootlet referred to in figure 2. The 
latter reaches close to the plasma membrane.
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Figure 14 is an adult rod photoreceptor included to depict a 

few of the definitive structures toward which growth proceeds. The 
apical portion of the inner segment, referred to as the ellipsoid, is 
packed with large mitochondria displaying fully developed eristae.
The outer segment is filled with the lamellar discs.

Dense Particles and Oil Droplets

From the eleventh to seventeenth day of incubation many inner 
segments were found to possess discrete electron dense particles while 
a lesser number of inner segments were totally lacking in such particles. 
Figure 16 is a thirteen day representative picture of the latter situa^ 
tion and was previously referred to as a rod inner segment. The lack of 
particles was confirmed by observing imperfect but presumed adequate 
serial sections. The adequacy of the sections was based on particle 
size and distribution.

Figures 17, 18, and 20 show the electron dense particles and an 
apparent localisation to a single region within the inner segment. In 
figure 17 the single cone to the left displays a relative lack of local
ization and the particles are scattered below the outer limiting membrane. 
The more spherical particles range in diameter from about ,08 to ,24 
micron. Many of them are somewhat elongated in appearance (Fig, 17) and 
are of dimensions equivalent to two particles in close apposition.

In some instances a rather large particle on the order of about 
.33 micron in diameter was found in very close proximity to a much 
smaller particle (Fig. 20), In still other situations, two large 
particles were in close association (Fig. 17). Figure 10 shows a very
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large particle in the distal most portion of the ellipsoid and next to 
it is a small particle having the same density and general character
istics. There was a direct correlation between size and age of the 
specimen, the older specimens having the larger particles.

On the basis of size and location of the particles in figure 
10, it seems probable that it represents the oil droplet of the cone 
inner segment, long ago described by light microscopistse An interest
ing observation concerning the oil droplet in figure 10 is its Intensely 
stained border. This was not observed in any of the younger particles.

Many times during this study, dense particles gave an impression 
of being in association with mitochondria and in a few instances with 
rough-surfaced cytomembranas. However, a membranous affinity could not 
clearly be seen and for that reason none of the pictures were included.

Mitochondria Genesis

Between the eleventh and fifteenth day of incubation, most inner 
segments displayed one or more rather large single-membraned vacuolar 
structures ranging in diameter from about »1 to .3 micron. They were 
usually surrounded by rough-surfaced eytomemhranes and they almost 
always had four to six small vesicles or tubules within them (Figs* 17, 
18, 19, 20)e Occasionally another large vacuole could be seen lying in 
the middle of the one just described. All of the very small vesicles 
or tubules would be located internal to the largest vacuole but exter
nal to the internal vacuole.

Figure 19 shows one of these structures minus the internal 
vacuole but with a slight invagination of the surface membranee Figure
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20 shows the same features but the invagination is so pronounced that 
the resulting bulb is similar in appearance to the internal vacuole 
previously described. The apical portion of the bulb has what might 
be a smaller infolding back into the bulb*

Close to the structure just described in figure 20 is a 
smaller 8G8 shaped structuree The *0* is made up of a double membrane 
but no other features are distinguishable e Near the base of the 
ellipsoids in figures 17 and 18, and also in the myoid of 17, are 
similar ’C* shaped structures but the double membranes are separated 
at points along their borders.

If one can assume that smaller mitochondria in figures 17, 18, 
19, and 20 are the youngest, it is apparent that the overall dimensions 
of the previously described structures are close to those of young 
mitochondriao Speculation beyond this is difficult but similar obser
vations reported in the literature (2, 24) tend to indicate this is a 
part of a developmental sequence which may lead to the formation of 
mitochondriae



DISCUSSION

Identification of Rods and Cones

The distribution analysis of receptor cell types has here been 
limited to the posterior pole of the chick retina«, Generally $ on© 
would expect to find concentrated regions of cones which correspond to 
the fovea or region of most acute visione Howevers Kraus® (15) reported 
that the chicken does not possess a fovea as a result of domestication* 
It was also reported that due to strictly diurnal habits, the chicken 
has an almost purely cone type retina*

The apparent lack of a fovea would account for the consistent 
arrangement of receptors in the posterior of the eye found in this 
study. Specific counts or ratios of cell types were not available but 
the occurrence of one rod cell to about five or six single and double 
cones, per repeating unit along the outer limiting membrane, would give 
the impression of a predominantly cone type retina* How far the pattern 
is extended toward the periphery was not observed but if a variation 
similar to other animals exists$ one would expect greater numbers of 
rods toward the ora serrata. Perhaps the same general pattern would be 
observed but two rods instead of one, for example, might be located ba= 
tween regularly spaced double cones.

The resolving power of the light microscope limits histological 
investigations of receptor morphogenesis. Consequently, it seems only 
natural that observations of which cell types develop first would be

18
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based primarily on else and shape of outer segments and not so much on
the advancement or retardation of inner segment growth. Inner and
outer segment both refer to the same cell and since the ultrastructural 
features of both segments distinctly vary with age of the specimen9 an 
electron microscopic study should be more accurate.

The first cells to emerge in the developmental sequence are the
double cones. However, within one to two days of incubation the rod 
inner segments seemed to catch-up with the double cones in accordance 
with the criteria used for identification. By seventeen days of incuba
tion some of the rods were beginning the formation of discs while the 
cones were not. Thus, the rod, once it gets started, develops more 
rapidly than the cone and this is most probably the reason rods were 
previously considered the first receptors to develop,

Centrioles and Primitive Cilia

At least two important functions have been ascribed to 
Centrioles (31), The first is the organisation of fibrous structures 
and the second is their self-duplication, Grimatone (13) said there was 
no direct evidence for the division of centrioles but, as in the present 
investigation, only inferences from fixed material, Theories of de novo 
formation, transverse and longitudinal division, and budding from the 
wall of parent centrioles are not uncommon in the literature (31),

Evidence for cetttriolar division is, indeed, not conclusive in 
the inner segment. The appearance, however, of one centriole and then 
within a very short time a second centriole should stand as another in
ference, This implies that a duplication of this nature would be very
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rapid and that chancing upon the process at a crucial moment would be 
difficult. Even then, recognition of the process as being of synthetic 
importance might be obscured,

Sotelo and Trujillo-Cenoz (32) have described the structure and 
development of cilia from the ependymal cells lining the neural canal of 
the chick embryo. Implicit in their description are many similarities 
to and a few differences from the development of chick photoreceptors. 
They infer that following division of the ependymal cell which will 
eventually become ciliated, there are two centrioles at each pole of 
the cell and that one of the pairs migrates to the apical portion where 
ciliary formation takes place. Of course, this in no way rules out 
centriolar division but simply indicates a difference in timing, Again, 
like most authors, they merely indicate that two centrioles appear in a 
region of the cell which will later possess a cilium and give no direct 
evidence for the formation of the second centriole.

As a matter for clarification, some authors (32) refer to the 
initial stages in ciliary formation as one of forming a ciliary bud. 
Her©, the analogous stage and all-stages leading up to the formation of 
lamellar discs are referred to as cilia or primitive cilia. It is 
assumed that the reader recognizes these cilia as eventual photoreceptor 
outer segments,

Tokuyasu and Yainada (34) undertook a detailed study of the 
centriole to cilium connection. They describe radial connections of the 
cell membrane to the eentriolar-elliary apparatus. Mo direct evidence 
of these connections was ascertained in this study.
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Olavate-like (34) projections from centrioles have been de

scribed bff many investigators but their function has remained unknown. 
Recently, Gonatas and Robbins (13) have shown that these projections 
are also present on the centrioles of ganglion cells and that they most 

probably give rise to neurotubules. They have-also--shown aeurotubtiles 
leading from the davate-like projections of photoreceptor centrioles.

To mitochondria has been ascribed the chief function of generat
ing energy. Consequently, a rapid synthesis of mitochondria and their. 
migration to a specific portion of a cell may somehow be related to 
increased energy requirements of that part of the cell. The true sig
nificance of adult ellipsoids packed with mitochondria is unknown but 
presumably has to do with the transformation of light energy into 
electrical energy. How one accounts for large concentrations of mito
chondria in developing, non-functional ellipsoids is highly speculative. 
The obvious alternative is that they are necessary in regions of active 
growth.

Primitive Cilia and Photoreceptor Dendrites

The development of photoreceptor cilia is paralleled by the 
.growth of striated rootlets from the proximal end of eentriole #1,
For cilia, per se, these structures have been observed almost without 
exception (31). Their main function is described as on© of anchorage 
but the possibility remains that they may be responsible for the trans
mission of metaehronal impulses between motile cilia.

Similar striated rootlets have been found in the inner segments 
of most retinas studied (8, 29, 34). The need for secure anchorage of
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large outer segments may seem necessary but the embedment of the adult 
segments between pigment epithelium processes and inner segment processes, 
and the tightly packed nature of the retina In general, would make an 
anchorage device seem unnecessary. Therefore, rootlet transmission of 
impulses in photoreceptors should not be excluded as a possible function.

The attainment of a functional ability of the photoreceptors is 
- likely best represented by the production of an ERG. in the chick, the 
first sign of electrical responsiveness is on about the eighteenth or 
nineteenth day of incubation and then it is elicited only after intense 
adaptation to light (11). If rootlets play a part In the transmission, 
their growth should be sufficient or essentially complete. Figure 12 
shows a rootlet lying close to the plasma membrane and since the specimen 
is of age, it might represent a morphologically complete rootlet.

The term "photoreceptor dendrite** is not widely accepted in the 
literature. Wald (35) adopted this name because they represent neuronal 
processes which extend from the cell body on the side from which excita
tion is received. Cohen (4) calls them a "calyx or cup" while others 
(19) simply refer to them as processes. The terminology, while confusing, 

" clearly describes a group of processes flanking each otter segment.
Sotelo and Trujillo-Genoz describe two ©entriolar movements in. 

the development of cilia in the neural canal (32)« The first involves 
invagination of the plasma membrane in the region of centriole #1 and 
it seems analogous to what was observed in the chick inner segment. How
ever* they describe a second eentriolar movement in which the entire 
eentriolar-eilium connection evaginates toward the neural canal. The 
latter occurs toward the end of eiiium growth.
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Although the connection between inner and outer segments of 

the chick was not observed beyond the seventeenth day, it seems possible 
that this second oentriolar movement does not occur. Instead, the 
processes so formed would exaggerate their size and eventually form the 
photoreceptor dendrites.

Dense Particles and Oil Droplets

The oil droplet of cone inner segments has been a topic of 
■ largely speculative significance for many years. Theories of its 
function have ranged from the storage, of energy to the filtering of 
light (22). While both may be partly correct, the observation in this 
study of dense particles which appeared to grow larger with age, and the 
subsequent hypothesis that they would form the adult oil droplet,

•' initially gave hopes of uncovering some detail that would serve as a 
clue to their overall function.

In agreement with most opinions (20) lipid droplets appeared to 
be produced by the accumulation of fine particles which later increased 
in size by apposition and confluence. Earlier reports on the chick (14) 
indicated the presence of oil droplets on about the fifteenth day of 
incubation but no observations on their formation were made.

Mitochondria have been observed in close association with lipid 
particles (20). Whether or not they are the site of origin of such 
particles still remains obscure, but the accumulation of products within 
mitochondria should be regarded as being of a possible functional sig
nificance of that organelle. Beyond this it is difficult to derive any 
further interpretation which might be indicative of oil droplet function.
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Mitochondria Genesis

The scheme presented here as a possible method for the forma,** 
tion of mitochondria is necessarily based on circumstantial evidence„ 
Several theories have been advanced as possible modes of origin of 
mitochondria but few have been detailed investigations, The one in
volving binary fission (10) is said to be the only theory approaching wide 
acceptance but at the same time it is very possible that mitochondria 
can be formed in several different ways (27),

The origin of the single aambraned vacuole observed in this study 
was not determined0 Because of the relative scarcity of mitochondria in 
these young inner segments and because the vacuolar structures bear no 
morphological likeness to any other cell organelles^ it is believed that 
they represent intermediate Stages in the genesis of mitochondria. 
Micrographs containing similar structures in embryonic chick retinas have 
been published (12) but no mention of their presence or significance was 
made.

If the structures had been analysed in slightly older specimens 
there might very well have been a mitochondrial gradient in which fully 
developed mitochondria would predominate in the most scleral portion of 
the ellipsoid and the degree of their development would become less 
vitreally. That, of course, would lend itself to an easier character
ization of the intermediates, A gradient of that nature was found by 
Berger (2) in neonatal Lebistes photoreceptorse

A three dimensional reconstruction$ via serial thin sections of 
the ,eG!8 shaped structure found in the chick inner segments p would
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probably yield a spherical double-membraned sac with a pore. The pore 
would correspond to the invagination of a vacuole and would be con
tinuous with the cytoplasm. Such a double-membraned sac with a pore 
was found by Berger (2), but he reported no evidence for elaborate 
foldings of membranes. Further development of the sac might involve 
the infolding of existing inner membranes or the elaboration of other 
cytoplasmic constituents to form aristae.

. The present description is incomplete and certainly inadequate 
in detail and therefore it may be incorrect. Howevers membranous 
systems such as this may bear some relationship to the unit membrane 
concept of Robertson (24) and therefore should not be overlooked.



SUMMARY

1. This report represents an attempt to describe the morphogenesis of 
retinal photoreceptors in the chick embryo from eleven to seventeen days 
of incubation. The preparation of materials for electron microscopy 
included OsO^ and gluteraldehyde-=OsÔ  fixation with subsequent embedding 
in Maraglas 66*>» .'Maraglas 7^2, or Bpon 812.

2. The method by which cell types were identified as well as their 
arrangement in the posterior of the eye is described. Double cone inner 
segments are the first photoreceptive cell types to emerge above the 
outer limiting membrane but its accessory member lags behind all other 
cell types in the formation of an outer segment and a mitochondria dense 
ellipsoid. Rod inner segments are the next cell type to emerge and they 
are closely followed by single cone inner segments. By seventeen days 
of incubation the rod outer segments have outgrown.all cone-type outer 
segments and were beginning the formation of definitive structures such 
as lamellar discs.

3. Two eentriolesj, each consisting of nine eireuzaferentially arranged 
pairs of filaments, are found in the apex of inner segments. The manner 
in which they arise is speculated upon. The initiation and growth of 
primitive cilia from inner segments consists of the following events:
a) attachment of one eentriole to the plasma membrane, b) evaginatlon of 
the plasma membrane in that region, o) enlargement of evaginated area to 
form a ciliary bulb, d) invagination of plasma membrane in the region of

26
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the eentriole to cilium connection, e) growth of filaments from the 
oentriole into the bulb, and, f) elongation of the cilium. Roughly 
paralleling these events is the appearance of two davate-like pro
jections from the walls of the eentriole and the growth of striated 
rootlets from its base,

4o The invagination of the plasma membrane surrounding the eilium is 
proposed as the first stag© in the formation of photoreceptor dendrites,, 
The processes so formed undergo a gradual increase in length and shrink- 
-ing in diameter»

5. Paralleling the synthesis and aggregation of mitochondria to form 
ellipsoids, dense particles of varying sizes are found in all eon© 
inner segments. They localise in regions of the inner segment corres
ponding to the adult oil droplet and appear to increase in size by 
apposition,

6, Vacuolar and f,G,e shaped structures are described as possible mito
chondria intermediates.
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e 1 Twelve Day Chick Retina-Note the arrangement of 
inner segments $ primitive ciliumj, peg and clavate pro
jections s op. The attachment areas corresponding to
the outer limiting membrane extends between the arrows.
Mote the position of mitochondria relative to this 
outer limiting membrane, OsO# fixed, Maraglas 732 
embedded, Mag, 22,500,
Inner segments are referred to in the text by the 
following numbers s'

1- chief member of a. double cone inner segment
2“ probable single cone inner segment
3- rod inner segment and primitive eilium
/{.«=> probable single eon© inner segment
5“ probable, single eon® inner segment
6- accessory member of a double cone inner segment
7~ chief member of a double cone inner segment
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Figure 2 Ciliary Bulb of a Single Cone-An invagination of 
the plasma membrane in the region of the eentriolar- 
cilium conneotiqn has occurred,, The arrow shows the 
growth of a striated rootlet, OsQ/ fixed, Maraglas 
665 embedded, 36#300,

Low Magnificat ion of a Double Gone- 
association between the accessory member* 
chief memberg 
Mag, 13,000.

-Mote the close 
a, and the

c, OsCb fixed, Maraglas 665 embedded.

Figure A Ciliary Bulb Inset From Figure 3-Mote the pronounced 
invagination of the plasma membrane in the region of the 
eentriolar-eilium connection. The walls of the invaginated 

• . -area appear to exert a restrictive force on lateral en
largement of the bulb, QsQ# fixed, Maraglas 665 embedded, 
Mag, A2*4-00,
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Figure 5 ' Twelve Day Chief Member of a Double Cone-The
invagination into the inner segment yields distinct inner 
segment processes and the process to the right (arrow) is 
free of mitochondria. In the distal most portion of the 
centriole is the outline of a basal granule, OsO^ fixed, 
Maraglas 732 embedded, Mag, 33,000.

Figure 6 Thirteen Day Single Cone-Note the increase in 
length of the cilium, the apparent lack of association 
between the oilitim and inner segment processes, clavate 
projections from the sides of centriole #1 (arrows), and 
the continuity of eentriolar and ciliary fibers, 
Gluteraldehyde-OaO/ fixed. Maraglas 665 embedded.
Mag. 26,000.
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Figure 7 Fifteen Day Single Cone-Note the distinct photo
receptor dendrites (arrows) surrounding the outer segment9 
the dense concentration of mitochondria in the ellipsoid* 
and two large electron dense particles. A tubular in
folding may be taking place in the distal portion of the 
cllium. OsO^ fixed. Epon 812 embedded, Mag, 37*000.



33



■e 8 Sixteen Day Single Gone-Lateral and longitudinal 
enlargement has occurred» QsO, fixed. Maraglas 665 
embedded. Mag. 455,700.

Figure 9 Seventeen Day Rod-Photoreeeptor dendrites extend 
above the outer segment which has acquired a club shape. 
The development of discs or tubules (arrow) is occurring 
in the distal portion of the outer segment. OsO# fixed. 
Maraglas 665 embedded. Mag. 52$,000.
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Figure 10 Seventeen Day Double Gone-Mo tubular or disc in
foldings have occurred in the outer segment and the oil 
droplet$ od$ in the apex of the inner segment is under
going final appositions, To the right of the chief member 
is the accessory member displaying a small paraboloid9 p0 
Embedment of the outer segment in processes of the pigment 
epithelium is apparent. Also, pigment granules are 
located in the processes of the pigment epithelium (arrow)„ 
OsO^ fixed, Maraglas 732 embedded, Mag, 20,400,
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Figure 11 Nineteen Day Rod-Rod outer segments develop faster 
than son© outer segments. They are club shaped and by this 
stage are filled with lamellar discs arranged perpendicular 
to the long axis of the photoreceptor. The differentiation 
of the discs is not yet complete. OsO# fixed. Epon 812 
embedded. Mag. 30s500.

Figure 12 A striated Rootlet-Rootlets are commonly found grow
ing from the proximal end of centriole #1 toward the plasma 
membrane. OsO^ fixed. Epon 812 embedded. Mag. 30,000.

Figure 13 Twenty Day Cone-Many cone outer segments assume a
bulbous shape by this stage of development and lamellar discs 
are not nearly as well developed as they are in rods of a 
corresponding age. The plasma membrane of the outer segment 
has regions of possible tubule or disc infoldings. The 
density of the oil droplet, od, has been leached during pre
paration. OsQ^ fixed. Epon 812 embedded. Mag. 28,000.
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Adult Rod Fhotoreceptor-The ellipsoid is virtually 
packed with mitochondria and lamellar discs completely fill
the outer segment, 
Mag, IS$200,

QsO^ fixed, fferaglas 665 embedded.

‘e 15 Adult Rod Embedded in Pigment Epithelium Processes-" 
The end of the rod has folded over upon itself, A photo
receptor dendrite (arrow) reaches up between the pigment 
epithelium processes, OsO/ fixed, Epon 812 embedded,
Mag. 23,400.
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Thirteen Day Rod.Inner Segment-Ho electron dense 
particles are located in young rod inner segments. It has 
dimensions which are equivalent to those of chief members 
of the double cone variety that are about one day younger. 
Gluteraldehyde^OsO/ fixed* Maragl&s 665 embedded.
Mag. 20,600.

% 17 Electron Dense Particles and Vacuolar Structures- 
This thirteen day specimen shows dense particles in the 
myoid of a single cone, sc, and in the ellipsoid of the 
Chief member of a double cone, cc. Vacuolar and double 
membraned ,,0n shaped structures are visible in the same 
areas (arrows). Vacuoles within vacuoles are also ap
parent with small vesicles between them. GluteraXdehyde- 
OsQ^ fixed. Maraglas 665 embedded. Mag. 17,WO.
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-e 18 Localization of Dense Particles-Note the particles 
congregated to one side of the centriole, e. An arrow indi
cates a l6Cts shaped structure. Gluteraldehyde-OsO^ fixed. 
Maraglas 665 embedded. Mag. 23*700.
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Figure 19 Vacuolar Invaginations-This eleven day chief cone 
shows a vacuole with small vesicles within it. The arrow 
indicates, an invaginating area of the vacuole. OsO, fixed. 
Maraglas 732 embedded. Mag. 31,000.

‘e 20 "G" Shaped Structures and Vacuolar Infaginations-
A pronounced invagination of vacuolar structures has 
occurred and a double-membraned MG,! shaped structure lies 
nearby (arrow). A large and a small dense particle, dp, 
are in close association, Gluteraldehyde-OsO^ fixed, 
Maraglas 665 embedded. Mag, 36,500.




