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THE DEVELOPMENT OF OVULE AND
EMBRYO SAG IN SOLANUM MELONGEXA L.

BY

Param N ath Bhaduui, Il *

(Department of Botany, Calcutta University).

The Family Solanaceae, one of the Jletachlamvdeae, contains
more than, seventeen hundred species. Due to the large number,
the wide range of distribution, and the economic importance of
some of the species, quite a large amount of ovtological and gene-
tical investigation has been carried out in this family. One of the
most interesting work in this family has been done by Blakeslee,
Belling, and Farnham who in a series of papers (2), (3), (4),
published the cytology and genetics of the polyploid forms of
Datura Stramonium, and some of its hybrids. Clausen and
Goodspced (5) also studied the eviolopv and genetics of Nicotuim,
as well as some of its interspecific hybrids. Lostoff (22) quite recently
studied the microspore formation m Capsicum, and Ferg'uson (15)
reported a new type of fertilisation in her work on the evtolosrv
and genetics of Petunia. Winkler quite earlv m a series of papers
(36), (37) gave an account of his investigation on graft hybrids
in the genus Solanum. He fairly dealt with the morphological and
anatomical differences of the «‘heteroploid’’ plants. Jorgensen (20"
has recently extended Winkler’s investigations and studied
the cytology of the artificially-produced heteroploid plants of
Solanum nigrum and Lycoprrsirum esculentum. Lesley (23>
worked out the cytology of both diploid and triploid forms of
Lycopersicum esculentum K inna (21) has studied me-fcsis in
the microspore formation of two different races of S. melongena
and counted; the chromosome numbers in twenty-one different
races of the same species.

The study of the female gametophyte in Angiosperms becan
towards the end of the nineteenth century. The work up to 1903
has been summarised hv Coulter and Chamberlain (8). A resume
of later work up to 1923 has been smen bv Rutgers (28 A
general review of the whole subject has been made quite recently by
Schurlioff (32) and also by Schnarf (31), and need not be repeat-
ed here.
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The first cytological investigation on tlie development of the
female gametophyte in Solanaceae is due to Guignard (19), who
worked out the embryosac development in Nicotiana labacum and
Oestrum splendens, and concluded that the embryo sac development
in these plants follows the normal type. Soueges (33), Palm (27),
and Svenson (34) working respectively with Atropa bella-
dona, Nicotiana ‘Delitabak’, and Hyoseyarnus niger came to the
same conclusion as Guignard. But Nanetti (26) working with
Solatium muncatum found that the development of the female
gametophyte in this plant was after the ‘Lilium type’. The fact
became more convincing when Young "39) stated that in 8. tuber-
osum the arcliesporial cell itself functioned as the megaspore
mother-cell and by three successive divisions gave rise to the
normal eight-nucleate embryo sac, the first division being a reduc-
tion division. Banerji (1) working in this laboratory found
normal type of embryosac development in Capsicum annum,
Cooper (7) in a recent paper has shown that the development of
female gametophyte in Lycopersicum esculentum is of the normal
type.

Material and Methods.

Material for this investigation was obtained from plants
grown in the college experimental garden. Fixation of material
was always done in the field on bright days. Ovaries were care-
fully dissected out from flower buds in all stages of development
and fixed immediately. Best results were obtained from materials
fixed between 12 noon and 4 p.m. To facilitate penetration of
the fixing fluid, the ovaries were trimmed and in some cases cut
transversely or longitudinally into small pieces before fixation.

A number of fixing Huids with different active principles were
used but very satisfactory results were obtained from material
fixed in Allen’s modified Bourn’s fluid. Licent’s fluid, and
mercuric chloride fixative with the following composition, gave
good results;—

Corrosive sublimate crystals 5 gms.
Glacial acetic acid ... 5 cc
Picric tfcid (Sat. soln. in 50 per cent alcl.) ... 100 cc.
Urea crystals . 1 gm.

This fixing fluid was heated to 40° C. before use.

The material fix?d in Bouin’s fluid was allowed to remain in
tlie fixing fluid for 24 hours. It was then run up in the course of
an hour to 60% alcohol saturated with lithium carbonate to remove
the green colour produced by the fixing fluid. It was tlier;
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dehydrated in the usual way. Material fixed in mercune chloride
fixative was allowed to remain in the fluid for three~to four hours,
and then washed repeatedly in 50% alcohol with four changes, at
six hours interval each. To ensure complete removal of mercuric
chloride from the tissue, iodine solution was added drop by drop
to the alcoliel till it became permanently reddish brown. It was
then dehydrated as usual.

Ilhe material was cleared either m xylol or in cedarwood oil.
The latter was found to be much satisfactory as it saves time, and
makes the material less brittle. The material was then embedded
m paraffin and sections were cut 6, 8, 10, and 12 thick to study
the various stages.

Haidenham s iron-alum haematoxylin with or without a
counter stain was chiefly used for staining. Flemming's triple
stain, and Breml| were also tried.

Development of Ovule.

In the initial stages of the development of the owvule, the
epidermis of the placentas preserves quite a uniform surface. The
cells of the epidermis and three or four layers of sub-epidermal
cells soon differentiate out from the rest of the placental tissue.
The cytoplasm of these cells is very dense, and each cell contains
a conspicuous nucleus which almost fills the entire cavity of thi-
cell. These cells retain the stain more tenaciously than the rest.
The ovule initials differentiate out in groups from the sub-
epidermal tissue and divide at first only in one direction. The
epidermal eells divide antielmally to keep pace with the protrud-
ing ovule initials. The cells lying between the group of ovule
initials being unable to keep pace with the actively growing tissue
become compressed and distorted. At this stage the placentas
loose their evenness, and become wavy in outline, and the identity
of the numerous ovules could be made out as blunt papillate
processes on the placentas. The ovule initials now divide in all
directions, but the growth on one side becomes more vigorous
than the other. The papillae soon become somewhat pointed,
with the point directed laterally. The archesporial cell differ-
entiates out at this stage, but the funiculus remains short and
thick. (Text-Fig. 1. i).

Development of the Integumental Tissue.
The primordia of the integumental tissue is first noted after

the differentiation of the archesporial cells. The integument first
differentiates out as an annular out-growth from the base of the
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Text-Fig. I. (i) Early development of ovule, showing two archesporial cells,
one above the other, (ii) Development of the megaspore mother cell and the origin
of the integument, (iii) Furfther development of the megaspore mother “ 11 an
the integument. Note the abnormal origin of two archesporial cells (iv) A later
stage showing the further development of the Integument and the differentiation
of the tapetal tissue. H The fully developrd integument with differentiatedl tape-
tal cells. Meiosis is completed and a normal linear tetrad .8 formed. X 660

(Reduced tbree-fourth of its original size). 39—
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nncellar tissue, and in longitudinal sections appears as two notches.
ie growth of the ovule soon becomes more rapfd on one side,
nd as a result, the ovule becomes bent 1 i j« «

t e arsGhesDonal cell completes the meiotic division, th. integument-

ai tissue grows actively and almost overtops the enlarged meirnsnor m

momer eell covered by single layer of nucellar tissue rText-

r,lg' » L  After the formatlon of the megaspores the ovules

curve further towards the placenta, ultimately coming close to the

o] ie o\u e. This gives the ovule an anatropous form but
siricuy, it is not so. (Text-Fnr iv \

As in most of the plants belonging to Sympetalie. onlv one
m egument is present m this case. This integument is three to
jour cells thick in the earlier stages of development, but is com-
posed oi five or six cells when fully developed. It almost covers

ue deeply seated embryo sac leaving only a curved narrow passage
I iext-1* l. VI

Archesporium

, The archesP°nal cell differentiates out in the hvpodermis

S°“ u f'al’ Of sub-ePlde™ al cells. This differentiation tab-,
piace before the origin of the mtegumental pnmordium and after

the ovuie has slightly curved laterally. Bv this time the m ro-
spore mother cells are differentiated in the anthers T -
archesponal cell is distinguished from the r.—-» bv it. bigger size
conspicuous nucleus and relatively dense cytoplasm. Plate i

Besides the general mode of development of the archesporium
variations in its orig[n and development have been noted Onr of
ne commonest variations is the development of two archesponal
ceils side by side in the hypodermis. (Plate I. Fig. 2) Some-
times the subhypoderm.il cell JUst below the archesponal -ell
aiso dinerennates out as an archesponal cell. T.-xt-Fi- |
i —esides these, three equally developed arches,K,nal cells been
observed to De arranged m a linear direction, this sugresl, as also
pointed out bv Young (39), a case of further division pi the

archesponal cells. Not infrequently, however It has b*,n <bs r i m
en.t s,,,e of the cells ft,

become differentiated from the (Text Fig | n
variations in the development of th, *'p»perB notJW( ceiis jead
one to that all the cells generally included und,,-

ovuie initials are potentially sporogenous.
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Degeneration of the Functionless Megaspores and the
Development of the Embryo Sac.

The enlarged megaspore mother cell by two successive divi-
sions gives rise to abnormal linear tetrad of four megaspores
(Plate I, Figs. 4, 5). After both the divisions, leading to the
formation of the tetrad, the separation of the daughter nuclei by
walls is quite evident. The four megaspores when first formed
are all alike, with conspicuous nucleus and big deeply stained
nucleolus (Plate I, Fig. 6). The resting stage is of a very short du-
ration. The chalazal megaspore soon enlarges and the cytoplasm
becomes very much vacuolated, the other three megaspores, however,
show signs of degeneration. Generally the micropylar megaspore
degenerates first, but somp times the second or the third megaspore,
from the micropylar end has been observed to degenerate first
(Plate 11, Figs. 9,10). The three disintegrated megaspores form
a cap over the functioning one and in sections appear as crescents,
triangles, or irregular deeply stained masses (Plate |, Figs. 7, 8).
In some ovules the third megaspore (from the micropylar end),
as well as the chalazal megaspore, have been observed to develop
side by side (Plate Il, Fig. Il). In some preparations more than
one embryo sac in the two or four-nucleate stage have been observed
in the same ovule, but in no case two mature embryo sacs were
noted in the same ovule.

The chalazal megaspore soon enters into the prophasie stage,
and divides into two daughter nuclei forming the bi-nucleate
embryo sac. They remain close together for a time, but soon the
embryo sac begins to enlarge and they move to opposite poles. The
cytopjasm becomes very much vacuolated and th.e two nuclei re-
main connected "by cytoplasmic strands (Plate Il, Figs. 12, 13).
By two successive divisions the bi-nucleate embryo sac develops
into the four-nucleate and later on to the eight-nucleate stage
(Plates Il and 111, Figs. 14, 15, 16); four nuclei being arranged
at the chalazal and four at the micropylar end of the embryo sac.

The Mature Embryo Sac.

The mature embryo sac is typical gf angiosperms viih two
Synergids and egg at the micropylar end of the embryo sac, two
polar nuclei in the centre, and three antipodals at the chalazal
end (Plate Ill, Fig. 17). The synergids appear as pear-shaped
cells having long and acute beaks, with a very conspicuous and
big vacuole at the base of each. The nucleus which is situated
just above the vacuole fills the entire width of the cell (Plate III,
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Figs. 18, 19). No filiform apparatus could be made out even
with differential stammg. The egg nucleus is comparatively
smaller m size than the polar, and has dense cytoplasm and a
deeply stained nucleolus. The two polar nuclei migrate from the
two poles, meet at the centre, or sometimes at one side of the
embryo sac. They lie side by side for some time, but soon the wall
between them disappears, and the two nuclei ultimately fuse with
each other forming the primary endosperm nucleus [I'late III,
Fig. 20, a. b, ¢, d). The three lens-shaped antipodals lie dose
together filling the chalazal groove of the embryo sac. They are
separated from each other by cytoplasmic walls, and appear as
distinct cells. They degenerate very soon and all traces are lost
long before the time of fertilisation.

The Tapetal Tissue

The presence of a differentiated tapetal tissue covering the
female gametophyte is of rare occurrence, as compared to its con-
stant presence m the microsporanguim of flowering plants.
Evans (13) in Pemsiemon Secundiflorus observed a nutritive
layer covering the embryo sac. Schertz (30) has also observed
similar tapetal layer lining the embryo sac in Scrophularia Mary-
landica and he has shown that the tapetal layer appears first as a
ring of cells surrounding the nucellus which by subsequent anti-
clinal divisions forms the nutritive tissue. Young (39) In Solanum
tuberosum lias shown that the innermost layer of the integument
differentiates and forms a nutritive layer. In the present investi-
gation it has been observed that along with the development of
the female srametophyte the single layer of nucellar tissue degene-
rates. But, by this tune, the innermost layer of cells of the
integument surrounding the embryo sac differentiates as a laver of
nutritive eells. They extend laterally from the micropylar to
lhe chalazal end of the embryo sac.

Mitotic divisions of the nuclei of the tapetal cells leading to
the bi-nucleate condition have been observed by several investiga-
tors in the microsporangium of various flowering plants. Dnggar
(12) observed mitotic divisions of the tapetal cells in microsporan-
gium of Bignoma venusta. Maheswan (24) also observed similar
mitotic divisions in Boerhaavia diffusa. Cooper (6) has shown
that the formation of bi-nucleate tapetal cells in Bugmvillaea
ylabra is accompanied by mitotic divisions of the nuclei followed
by non-formation of cell plates between the daughter nuclei. In
the present investigation also, some of the tapetal cells bordering
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the embryo sac have been observed in different stages of karyo-
kinetic division, but the nuclei formed have not been observed
to develop into separate cells. The tapetal cells are elongated
with their long axes perpendicular to the embryo sac, and unlike
jthe cells of the integumental tissue have dense and granular
cytoplasm (Plate Il, Figs. 14, 15 and lext-Fig. I. i\, \).

Meiosis in the Megaspore Mother Cell.

Resting nucleus of megaspore mother cell:— The megaspore
mother cell before it enters into meiotic prophase, undergoes a
short period of rest. The cytoplasm is granular and is surround-
ed by a delicate cell wall. The nucleus generally occupies a
central position, and covers almost the entire width of the cell.
It is spherical in outline. The nuclear membrane is very fine
and the nucleus is surrounded by a dense zone of cytoplasm.
The nuclear reticulum is continuous with the membrane and is
more or less peripheral. The staining power of the reticulum is
feeble and no outline of it can be traced. It appears as a cloudy
granular mass with very few deeply stained bodies scattered
irregularly over it. The nucleolus is always deeply stained, and
lies °in a central position. Generally there is only one nucleolus,
but in some preparations two or three smaller bodies, probably
chromatic in nature, have also been noted. There is always a
clear perinucleolar zone, which is interrupted by few famt radi-
ating strips from the nucleolus inside the reticulum. The nucleolus
i« spherical and comparatively bigger in size than found m the
subsequent meiotic stages (Plate 1V, Fig. 22). There is some-
times a chromatic protuberance from the nucleolus which persists
in some cases up to late diakinesis.

Early prophase — The first sign of the activity of the nucleus
undergoing division can be seen on the reticulum. Small chro-
matic granules appear on the reticulum which fuse and become
bigger. The reticulum retains the stain more tenaciously at some
places and the linin connections become prominent as fine irregu-
lar threads. The nucleus enlarges in size and the nucleolus
becomes smaller in dimension (Plate IV, Fig. 23). The fine con-
nections of linin resolve into definite strands and the beaded
chromatic bodies lie strung together by the linin threads. The
linin threads bearing the beaded chromatic bodies have been found
at some places to run parallel to one another and some times
fusing at places. As a result the linin strands appear markedly
alveolized. (Plate 1V, Fig. 24). The nuclear cavity soon be-
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comes filled with a dense tangle of leptotene threads formim- a
The individual leptotene threads cannot" be
10liowed throughout their entire length and there are marked
swellings at the point of intersections. The chromatic protrusion
oi the nucleolus observed m the resting stage was also evident m
cirt.ia*in preparations showing the above stages (Plate 1V Fi»s 25

It ’ ’

continuous spireme.

Symzem:— The first indication of con-

The fir,i contraction
leave the

traction can be seen in th- leptotene threads, which
periphery at certain points and begin to move towards one side
,Plwle 1V. Figs 28, 29), the nucleolus remaining
The threads now show a eertair
In some prepara-

of the nucleus
within the langle of threads.
degree of polarity, all moving towards one side.
tions it has been observed that while most of the threads moved
towards one side forming a more or less compact tangle of threads
one or two threads still remained attached to the periphery as
iree ends or loops, iPlato IV, F, 30). The threads enclosing

the nucleolus remain contracted for some time and is always to
..The contraction observed

be found on one side of tfce nucleus.
here during symzesife does not appear to be “tight knot” as has
been described by many authors for other plants, but the con-
tinuity of the thread can be traced up to a certain length (Plate
B , Fig. 31 Aggregation of chromatic substance, and the con-
traction of tlie same within the nucleus has not been observed in
this material.

Hollow spireme stayr:— The synaptic knot unravels itself and
the spireme emerges as distinct loops of variable 1....... The
spireme appears at places to be more or less ribbon-like with the
chromatic beads remaining strung together (Plate IV Fitr 30).
at certain places it appears to be homogeneous, while at others
marked aiveolization and consequent fission has been observed
This fission observed in the lengths of this spireme is homologous
to tnat observed 111 the early prophase. The spireme at this stajre

is un, valent in nature, as also will be evident from its subset uent

behaviour. The exact number of the loops thrown out during

the opening out of the spireme could not be made out accurately
enough their number was never found to exceed the ha >loid
number of chromosomes, but almost approaching the same. In
this case, therefore, the two arms of a loop represent two univalent
somatic chromosomes attached end to end. which would ultimately
form a bivalent heterotype chromosome. 'Plate IV Fig 33)
The spireme then fully unravels itself, completely’ filling the
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entire cavity of the nucleus, and the nucleolus is seen again at the
centre. The looping: of the continuous spireme is very beautifully
represented in this material, although anastomoses take place at
certain places due to the comparatively small volume of the
nucleus. The spireme is very uniform and thread-like in appear-
ance (Plate V, Figs. 34, 25).

The spireme then thickens considerably and the alveolisation
observed in early stages becomes completely obliterated. The
pachytene, thread is continuous and stains very brightly. It
appears as a coiled rope (Plate V, Fig. 37).

Second contraction:(— The pairing of the homologous lengths
of the spireme which is completed during the second contraction,
starts quite early and is not a sudden process. Plate V, Fig. 36
shows early pairing of the univalent lengths of the loops at one
end, while at the other end they diverge widely.

Typical second contraction, where pairing is complete has
not been observed during this investigation, but a stage leading
to the second contraction, where the loops after leaving the peri-
phery are going towards the centre has been observed (Plate V,
Fig. 38). The next stage observed was where the threads become
more condensed and are thrown out again as loops of variable
forms around the nucleolus, the paired univalent lengths of a
loop splitting from each other. The pairing of the univalents to
form bivalent threads can be still seen at certain places (Plate V,
Fig. 39). At the place where they remain attached there is
always a marked swelling (Plate V, Fig. 40). The looping of
the univalent lengths of the spireme, and the subsequent lateral
pairing of the two arms of a loop forming the bivalent chromo-
somes is a clear evidence of the telosynaptic mode of conjugation.

Formation of bivalent chromosomes:— Soon the thread breaks
up into twelve segments, eaoh consisting of two univalents attach-
ed end to end. They are found to be of various forms depending
on the approximation of the two univalents, and lie scattered
throughout the nuclear cavity. They are generally of the form
of “V”, but sometimes the two arms of a “V ” may cross over
each other and meet again giving distinct figures of “ 8”, or some
times they become interlaced with each other (Plate V, Figs. 41,
42). In some preparations it has been observed that the two arms
break apart completely and remain side by side in pairs. These
bivalent segments remain still attached by fine thread-like connec-

tions, which become obscure in the subsequent stages. (Plate V,
Fig. 43).
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Diakmests:— The bivalent chromosomes undergo further con-
densation and become thickened and stain brilliantly. Each
univalent chromosome of a bivalent pair has a central constriction
and is more or less bean-shapecl. The heterotype chromosomes
are now arranged at the periphery of the nucleus.- though one or
two may be seen at the centre. The nucleolus can be still found
with its chromatic protuberance and stains equally bright.
IPlate V, Fig. 44). The two short and thick univalent homologous
chromosomes of a bivalent pair remain joined with each other by
faintly staining strands. This is very conspicuous in some pre-
parations, while in others, no trace of it can be found, due probably,
to intense condensation of the chromosomes. Some of these
strands become visible again during early anaphase of the first
division m the form or “bonds” between the ehromosomes. But
later on they are drawn into the body of the chromosomes.

Mctaphax< —Diakmesis is terminated by the complete dis-
appearance of the nuclear membrane and the nucleolus. The
bivalent chromosomes condense still further and become rounded.
They stain verv deeply with haematoxvlin at this stage and are
arranged as a plate across- the equatorial region of the achromatic
figure; the univalent chromosomes of the bivalent pair can still
be recognised though not verv distinctly tPlate VI, Fist 45).
The spindle appears to be narrow with sharp ends and occupies
more than half the length of the megaspore mother cell. Viewed
laterally the bivalent chromosomes which are aggregated on the
equatorial region of the spindle appear to lose their individuality
and look like a clump of stained mass i’ VI, Fitr. 46). In
polar views of equatorial plates, however, twelve bivalent chromo-
somes almost all of equal size, and form, could be made out
(Plate VI, Fiir 47'. Stout spindle fibre attachments of the
chromosomes appear to be the characteristic feature in this materi-
al, as it has been observed m material fixed with different fixatives.
As has already been observed, each univalent chromosome of a
bivalent pair stdl shows a central construction.

Anaphase;— At the anaphase the disjunction of the bivalent
chromosomes takes place. TIi mbivalent chromosomes arranged on
til- equatorial plate of the spindle can be recognised in early
anaphase. At an early sta"e of the separation of the univalent
chromosomes, the attachment between them, which was observed
during the metaphase, now becomes quite evident. It consists
of a tinek single or two thinner bonds (Plate VI, Ki*r 48). As
the univalents move apart, the bonds between each pair break and
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some times they seem to bp attached to their respective liomologues
by tail-like attenuated projections (Plate \I, Fig. 49). Soon the
univalents round off, and they appear all alike as they move
towards the poles. The univalent chromosomes move apart to
either poles as two plates in parallel planes (Plate VI, Fig. 50).
In a polar view of this stage, the two plates could be seen in
the same section, but in different foci. (Plate VI, Fig. 51). At
a later stage the chromosomes become angular in outline and the
homot.ypic split of the second division suddenly becomes evident
(Plate VI, Fig. 52, a, b).

Telophase:— The univalents now typically dyad in nature,
arrive at the poles simultaneously. The spindle by this time
grows wider and a faint zigzag cell plate is formed on the equa-
torial region of the achromatic figure (Plate VI, Fig. 53). The
nuclear membrane now gradually becomes evident, and the
chromosomes come close together, and become connected with each
other. The spindle becomes barrel-shaped and tlie cell plate
straightens. The spindle is then gradually obliterated and a cell
wall is established between the daughter nuclei.

Interkinesis:— In the interkinetic stage, the nucleolus reappears
again, but takes the stain very feebly. The nuclear cavity is seen
to contain clumps of chromatic elements which are connected by
fine linin threads (Plate VI, Fig. 54). This- stage is of a very short
duration and passes quickly to the homotypie division.

Homotypic division;— The prophasic changes prior to the
second division pass away very quickly and the nuclei soon enter
into the metaphase stage. As in the heterotypic division a polar
view of the equatorial plate reveals the haploid number of
chromosomes which appear to be all alike in form and size. The
metaphasic spindles were found to lie at right angles, obliquely, or
at various angles with each other. They are comparatively smaller
in size, and are not so sharp as observed in the heterotypic divisions.
The chromosomes as they move apart to the poles are small and
round. They do not always move in parallel planes as was noticed
in the first division. On arriving at the poles they come close
together and form a compact chromatic mass. At this stage the
identity of the individual chromosomes is lost. The spindles by
this time become broader, and fine cell plates make their appear-
ance in the equatorial region. By this time the nuclei become
reconstituted and a nuclear membrane is formed around each of
them. By the subsequent differentiation of the cell plates four
megaspores are formed which are arranged in a linear manner.
(Plate 1, Figs. 4, 5).

39— 5
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Mitosis in the Embryo Sac.
As has already been mentioned generally the ehalazal megas-

pore of the tetrad functions, while the others degenerate. The
chalazal megaspore soon begins to enlarge and the cvtoplasm
swhich was previously very dense, shows sisms of vacuolation

The resting nucleus of the megaspore has a very big and deep-
ly stained spherical nucleolus at the centre, with faintly stainin#
granular peripheral reticulum. The nucleolus is bounded bv a
clear zone. The resting stage appears to be similar to that
observed in megaspore mother cells.

ihe earlv prophase is recognised by the appearance of chro-
matic bodies on the linin strands, which gradually become broader.
The nucleolus by this time beeomes appreciably smaller in size:
no direct budding has been observed. Soon the nuclear cavity
becomes filled with a dense tangle of spireme, (Plate VI Fig 55)
which undergo condensation and ultimately breaks into slender,
curved chromosomes, which resemble the somatic chromosomes,
'Plate VI, Fig. 57).

The chromosomes are arPanged at the equatorial region of the
short barrel-shaped spindle and lie interwoven with each other
forming a compact mass A polar view of an equatorial plate,
however, shows twelve haploid chromosomes which are verv short
and thick and are somewhat “V ”-shaped (Plate VI Fi? 56)
At a side view in early anaphase, the chromosomes as they move
to the poles, appear as short, thick rods. On arriving at the poles
the daughter nuclei tfre reconstituted but no wall formation takes
place.

As all the aforesaid staces are of very short duration, and are
very difficult to ootam, only a sreneral account of the mittfh#
division m the embryo sac has been presented.

Discussion.

Embryo gac development— Early investigators found normal
type of development of the embrvo sac in Solanaceae. Nanett?
(26) and Young (39), however, observed “ Lihum type” of devel-
opment in Solatium muricaium and in Solatium tuberosum re-
spectively. The question naturally arises whether “ Lilium type”
of development of the female gametophvte is a general feature in
the genus Solanum, or whether it is open to question? In the
present investigation in Solanum melongena, it has been clearly
shown that the development of the female crainetophyte follows
the “normal type” of development. It is interesting to note in
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tliis connection that a “normal type” of development of the
female gametophyte has also been observed in Solatium nigrum;
a detail account of which will be given in a separate paper. The
above facts indicate that “normal type” of development of
female gametophyte is a common feature in the genus Solanum,
and Nanetti’s and Young’s works require corroboration before
they could be accepted.

Archesporium:— The presence of more than one archesporial
cells in the same ovule is not of infrequent occurrence in Dicoty-
ledons. It was thought before, that an archesporium consisting
of more than one cell is a primitive feature in Angiosperms, and
is only present in groups of plants such as Amentiferae, Ranun-
culaceae, Rosaceae, etc. This view has, however, been abandoned
later on. In Solanaceae, more than one archesporial cell in the
same ovule has not been observed up till now, excepting in Solanum
tuberosum, where Young (39) has observed two, and in a few
cases three differentiated archesporial cells. In the present
investigation, however, beside the occurrence of two or three
hypodermal and sub-hypodermal archesporial cells, the develop-
ment of some of the permanently sterile nucellar cells into
archesporial cells (Plate I, Fig. 5), has also been observed. It Vill
be further interesting to note, that in one case, one of the nucellar
cells from the chalazal end of the embryo sac has been observed
to develop into a linear tetrad of four megaspores (Plate 111,
Fig. 21).

Female gametophyte: The development of two embryo sacs in
the two or four-nucleate stages is also an abnormal feature observ-
ed in this plant. The occurrence of two embryo sacs in the same
ovule has been observed by Young (38) in Solanum tuberosum.
He believes that this abnormal condition is doubtless “ a case of
proliferation or doubling, analogous to the hypertrophied condi-
tion known as fasciation some times observed in stems and other
organs”. In Solanum melongena, we are inclined to believe that
the development of two embryo sacs in the same ovule is due to
tlie activities of any of the other megaspores besides the normal
functioning one.

Nucleolar protrusion— Nucleolar protrusion as has already
been described is a very characteristic feature of the megaspore
mother cells in Solanum melongena. The sudden reduction in
volume of the nucleolus entering the prophasic stage, and the
persistence of these nucleolar protrusions upto late diakinosiu, is
suggestive of a flow of nucleolar substance to the developing
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Similar nucleolar protrusions have been observed by

spireme.
Various theories

many cytologists in a large number of plants.
have been advanced for the phenomenon. Gates and Latter (18)

are of opinion that the small papillae from the nucleolus and
its distinct connection with the spireme is directly responsible for
the elaboration of chromatin, and its subsequent transference to
the spireme. Fikrv (16) in a recent paper has reviewed the
subject exhaustively and it need not be repeated here

Perinucleolar zone:—In the resting stage of the megaspore
mother cell, there is always to be seen a clear perinucleolar zone
McClung (25) is of opinion that there cannot be any clear space
surrounding the nucleolus in a well-fixed material, and that the
space m question is due to the imperfect fixation of the karyolymph.
I rom the results obtained in melongena it is very difficult to
agree with McClung. The perinucleolar zone persists equally well
m preparations fixed with different fixatives. Besides, it has
been noted in nuclei of the megaspores as well as in nuclei under-
going meiotic divisions.

Meiosis: The preceding account of the mode of chromosome
reduction follows the telosynaptic interpretation of ileiosi* as
advanced by Digby (9, 10, 11) and also confirms the view of
Kojima (22) who has already pointed out the probability of
telosynaptic mode of meiosis in the microspore formation in
*S. melongena, L.

The telosynaptic interpretation of meiosis was first pro-
pounded by Farmer and Xloore (14; and subsequentlj supported
by a number of investigators. As against the telosynaptic seheme
the parasynaptic interpretation was originally propounded by
Winiwater (30) and subsequently supported bv Gregoire and
others. Whatever may be the method of pairing‘of the univalent
c-hromosomes to form the bivalent heterotype chromosomes, the
difference between the two interpretations as to the mode of
chromosome reduction is, whether the split in the early mo hase
i epresent the actual pairing of parental chromosomes as expounded
by the parasynaptic theory, or, they represent the elosing of the
pié\ious telophasie split as advocated by the adherents of the
telosynaptic theory. Digby has shown m Galtonia (9) and
Osmunda (11) that the split observed in leptonema stage is homo-
logous with that observed m the premeiotic and somatic divisions,
and such study alone showing the relationship of the spireme with
that of the premeiotic and mitotic divisions can determine whether
the process of chromosome reduction follows the telosynaptic sheme
or not.
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The explanation becomes easier where no split whatsoever can
be made out in the lengths of the developing spireme. In such
cases as has been reported by Santos (29), Gates and Rees (17)
and others, besides the absence of the split, the heterotype
chromosomes are formed by the approximation and condensation
of the two univalent arms of a loop, so that the telosynaptic mode
of chromosome conjugation becomes quite evident.

In the present observation in 8. melongena, the parallelism
observed in the lengths of the spireme during early prophase is
not a true pairing of univalent homologous chromosomes but
represent the reassociation of longitudinal halves of somatic
chromosomes. Besides tlie other evidences already advanced be-
fore, the suggestion of a telosynaptic mode of chromosome
conjugation is evident by the fact, that similar parallelism in the
lengths of the spireme has been observed in the nuclei of the
megaspore undergoing mitotic division, where no question of pair-
ing of parental chromosomes can arise (Plate VI, Fig. 55). It
has also been pointed out that the univalent spireme breaks up into
gametic number of loops after the second contraction, the two
arms of which come close to each other and condense at the same
time, to form the bivalent heterotype chromosomes.

Summary.

1. The ovule initials differentiate as groups of cells from
the differentiated sitb-epidermal layer.

2. The single integument develops after the differentiation
of the archesporium and when fully developed almost covers the
deeply seated mature embryo sac.

3. The archesporial cell originates in the hypodermis
functions as the megaspore mother cell. In some preparations
more than one archesporial cells were observed.

4. By two divisions the megaspore mother cell gives rise
tc alinear tetrad of four megaspores. The chalazal megaspore
develops and forms a normal eight-nucleate embryo sac while the
other three degenerate.

5. The antipodals which appear to be lens-shaped cells
degenerate before fertilization,

6. The embryo sac is jacketed by a single layer of tapetal
cells, some of which are binucleate.

7. During the meiotic prophase of the megaspore mother
cell alveolization of the linin thread is quite conspicuous.

and
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erv tight contraction of the thread was not observed during
svnizesis. The spireme comes out of synapsis in loops and
is continuous. The longitudinal fission in the univalent
spireme is homologous with that found m the early prophase;
univalent chromosomes remain attached end to end forming the
loops. The pairing of the univalent chromosomes begins earlier
and is completed during the second contraction. The univalent
chromosome of a bivalent pair begin to split apart as they come
out of second contraction. Heterotype chromosomes are formed
by the segmentation and condensation of these univalent pairs
attached end to end. Tne univalent chromosomes of a bivalent
pair remain attached to each other by stamahle material which
appear during early anaphase as bonds between univalent chromo-
somes.

8. Homotypic split in the univalent chromosomes reappear
suddenly during the anaphase of the heterotypic divisions.

9. Chromatic protrusion of the nucleolus is noted from early
prophase to late diakinesis, in the nuclei of the megaspore mother
cells.

10. The twelve haploid chromosomes found in the mitotic
division in the embryo sac are curved like the somatic chromo-
somes. The diploid chromosome number determined from soma-
tic cells has been found to be twenty-four.

In conclusion, | take the opportunity of expressing my grati-
tude to .Mr. I. Banerji under whose directions this work was
earned out, and for help and encouragement during the investi-
gation.
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Explanation of Plates.

All the figures were drawn with a camera lucida. The magnifica-
tions and the combinations of lenses used are as follows:—

Figs. 1-3 and 21 were drawn with Leitz Oc. 10 and Obj. 5.
Magnification x 650.

Figs. 15-17 were drawn with the same Oc. and Obj. 7. Magnifica-
tion x 950.

Figs. 4-14 and 18-20 were also drawn wlth Oc. 10 and Leitz
1 12-inch. imm. N. A. 1.32. Magnification X 1100.

Figs. 24-44, 46, 53-55 and 57 wei# drawn under a 1/12-inch,
imm. Leitz N. A. 1.32, with Comp. Oc. 12. Magnification x 3000.

Figs. 22-23, 45, 47-52 and 56 w i drawn under a 1 12-inch,
imm. Leitz N. A. 1.32 with Comp. Oc. 18. Magnification X 4500.

Plates IV and V reduced to three-fourth and plate VI to half of
its original size.

Prate |I.

Fig. 1. Single hypodermal arcliesporial cell.

Fig. Two hypodermal arcliesporial cells lying side by side.

Fig. 3. Two hypodermal archesporial cells one above the other,
both in meiotic prophase.

Fig. 4. Homotypic division, both in late anaphasic stage.

Fig. j. Later stage, four nuclei are in process of reconstruction,
and are separated by walls. One of the cells from the
chalazal end developing as an arcliesporial cell.

Fig. 6. A linear tetrad of four megaspores.

Fig. 7. The three other megaspores excepting the chalazal one
degenerating.

Fig. 8. Three disintegrating megaspores forming a cap over the
developing chalazal one.

N

39-6
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Prate Il.

9, 10. Showing respectively the second and the third
mecraspores from the micropylar end degenerating first.
11. Both the chalazal megaspore and the next one just above
it developing equally vigorously.
12. The chalazal megaspore dividing.
13. The binucleate embryo sac.
14. The binucleate embryo sac dividing to four-nucleate stage.
15. Four-nucleate embryo sac dividing to eight-nucleate stare.

Prate Il1I.

16. The eisrht-nucleate embryo sac. Synergids and egg not
vet differentiated.

17. The mature embryo sac. The three antipodals completely
disintegrated and the two polar nuclei migrating.

18. Showintf the egg apparatus.

19. Fully developed synergids, with prominent beak and
large basal vacuole.

20. Stages in the fusion of the polar nuclei forming the
primary endosperm nucleus.

21. Abnormal development of the female gametophyte,
showing a second row of four megaspores at the
chalazal end of the nucellar tissue.

Prate 1V.

21" Resting stage of the nucleus of the megaspore mother
cell.

23. Early prophasic stage.

24. Prophase, showing the parallelism of the limn threads
at places and the beaded appearance of the same.
(The nucleus cut transversely).

25, 26, 27. Showing the formation of a dense tangle of
univalent leptotene threads with occasional fission in

their lensrths. The nucleolar protrusion and swelling
at the point of intersection of the threads is conspicu-
ous.

28. Contraction of the spireme just starting.

29, 30. Later stages of first contraction.

31 Full contraction.

32, 33. Opening of the spireme as distinet loops. Marked
alveolization is still visible iu the lengths of the
spireme.



Figs.

i<,

Fisr.
Fi<?.

Fig.

Fig.

Figs

Fig.

Fi<r.

Fig.
Fig.
Fig.
Fig.
Fi<?.
Fig.

Fig.

Fi».

34, 35. Hollow spireme stage.

36.

37.
38.

39.

40.

41, 42. The spireme is segmented into twelve ‘U’ ‘V’ ‘8

43.

44,

45,

46.
47.

48.
49.
50.

51.

52a. Side view of the spindle near one pole.
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Prate V.

The nucleolus in Fig. 35 is
displaced by the knife where the nucleolar protrusion

iS very conspicuous.

Same stage showing early pairing of the univalent
threads taking place at the bases of the loops.

Pachynema stage.

Stage leading to second contraction. The loops are
drawn again from the periphery towards the nucleolus.

A stage just after the second contraction. The nucleolus
conies back at the centre and the threads are thrown
out again as loops. The bivalent nature of the thread
is evident at places.

Separation of the univalents and marked swelling at the
points of union. N ( (

shaped bivalent chromosomes.

The bivalents are markedly condensed, but still scattered
throughout the nuclear cavity.

with each other by fine strands.
Diakinesis stage. The gemini taking a peripheral posi-

tion. The nucleolus is still present with the character-
istic nucleolar protrusion.

They are connected

Prate YI.

The gemini collecting at the centre of
achromatic figure.

Heterotypic metaphase stage.

Polar view of heterotypic metaphase, showing the 12
haploid bivalent chromosomes. Each univalent is bean-
shaped.

Early anaphase stage, showing the attachment between
univalents by bonds and the traction fibres.

Showing different modes of attachment of univalent
chromosomes between each other during early anaphase.

The univalents moving towards the poles of the spindle.

Polar view of the same. Two plates of twelve univalent
chromosomes in different foci. Note the spherical out-
line of the chromosomes.

the bipolar

(Reconstruct-
ed from two consecutive sections).
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52b. Corresponding section showing polar view of the spindle

53.

55

56.

57.

near the other pole. Note the homot.vpic split m each
univalent chromosome.

Late telophase.

Interkinesis statre.

Prophase stage, m one of the nuclei in the four-nucleate
stage of the embryo sac. Marked alveolization and
parallelism in limn threads quite distinct at places.

Polar view of early metaphase stage in one of the nuclei
dividing from four-nucleate to eight-nucleate stage
of the embryo sac. Note the twelve, slender, ‘V '-shaped
chromosomes.

Chromosome plate showing the somatic number (24) of
chromosomes  (FYoni a somatic cell of the ovule).
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