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THE EMBRYOLOGY OF THE SHEPHERD'S PURSE.*
(A Posthumcms Paper.)
MABEL SCHAFFNER.

The embryo of the shepherd's purse (Bursa bursa-pastoris
(L.) Britt.) has had an important place as a representative dicotyl
in most botanical textbooks. The original investigations of
Hanstein (1) and Famintzin (2) were superior and epoch-making
for their day, yet many points were left obscure and some of
these are still unsettled, as a reference to the various botanical
textbooks will show. Considerable variation has been reported
as to the succession of the cell divisions and other minor details.
The best recent account is by Coulter and Chamberlain (4, 5),
and what is given below is practically a confirmation of their report with a few differences in details.
The embryology of Alyssum as given by Miss Riddle (3)
shows several interesting deviations from the Bursa type and
makes it clear that generalizations can not be made without full
knowledge even in the case of closely related plants.
It was my intention to make a complete study of the embryo
of Bursa and to prepare a series of drawings on the same scale
of magnification in order that not only the succession of cell divisions and the development of the several embryonic tissues would
be apparent but also the actual increase in size of the embryo as
a whole and of the cells at various stages of development.
The ordinary methods of killing and imbedding were employed
and the serial sections, cut 10-12 mic. thick, were stained on the
slide. Delafield's haematoxylin makes a very satisfactory stain
if properly employed.
* Contributions frcm the Botanical Laboratory of the Ohio State
University, XXV.
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The egg apparatus of Bursa is well organized and after fertilization the oospore elongates considerably and divides
by a transverse wall into two cells of unequal size (Figs. 1-5).
The basal cell does not divide again but begins to enlarge
rapidly, finally developing into a large vesicular cell which is
closely surrounded by the upper part of the wall of the ovule
and continues in an active condition until the seed ripens.
The upper cell divides by a transverse wall giving rise to a
proembryo of three cells, the terminal cell, an intermediate
cell, and the basal vesicular cell (Fig. 6). The next division is
again transverse and probably takes place in the intermediate
cell (Fig. 7). After a filament of four cells is produced, the apical
or terminal embryo cell divides by a longitudinal wall, giving
rise to the typical five-celled embryo (Fig. 8). The following
division occurs in the suspensor cell next to the vesicular cell,
resulting in a six-celled embryo with five tiers (Figs. 9-11).
Often the cell below the two terminal embryo cells stains dark
like them while the three suspensor cells take a much lighter
stain (Figs. 10,11). This would indicate that this cell is the
second cell of the embryo proper and that it does not contribute
to the further development of the filamentous suspensor until
its division at a much later stage. This point was, however,
not determined. The two terminal cells now divide by longitudinal walls at right angles to the previous division giving rise to
the terminal quadrants while further transverse divisions occur
in the suspensor (Figs. 12-15).
• At the time when the terminal quadrants divide by transverse
walls to form the octants, the suspensor usually consists of the
vesicular cell and six intermediate cells (Figs. 16-20) and this is
frequently the extent of this organ though more commonly there
are seven or eight intermediate suspensor cells developed. The
cotyledonary and hypocotyledonary rgeions of the embryo are
definitely separated by the divisions which give rise.to the octants. The octants soon cut off dermatogen cells by periclinal
walls thus producing a nearly spherical body of sixteen cells
(Figs. 17, 18). The periclinal divisions which give rise to the
dermatogen appear first in the terminal octants (Fig. 17). At
this stage the proembryo consists typically of twenty-two or
twenty-three cells. While the dermatogen cells are continuing
their divisions by anticlinal walls the eight inner cells divide by
longitudinal walls and the cell between the suspensor proper and
the terminal sphere divides by a transverse wall into the basal
embryo cell and a very flat disk-like suspensor cell which takes
no part in the development of the embryonic tissues (Fig. 19).
The primary dermatogen begins its further development in
the outer quadrants of cells and as wrould be expected the division in these cells is more active during the further growth of
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the embryo than in the lower quadrant. Frequently the formation of anticlinal walls in the dermatogen is delayed until after
the division of the upper suspensor cell (Fig. 20).
The entire embryo is, therefore, developed from the two cells
at the outer tip of the proembryo, the terminal cell, as will appear later, giving rise to the cotyledons, stem tip and hypocotyl
while the basal cell after cutting off one suspensor cell gives rise
to the calyptrogen, root tip, and calyptra.
The further development of the embryonic sphere is by the
division of the lower tier of inner cells by transverse walls.
There are then three tiers of cells in the sphere besides the dermatogen (Figs. 24-28). These divisions were established by the
presence of spindles in the lower tier as in Fig. 24. Frequently
also the outer tier of cells takes a much deeper stain than the
•other two tiers as is shown in Fig. 28. When these divisions
begin the basal embryo cell divides by a transverse wall, the resulting cells being the incepts of the growing point of the root
tip and the calyptrogen (Figs. 24-26). The upper cell, usually
lenticular in shape, divides "first forming a plate of four cells by
the development of longitudinal walls (Fig. 28). These four cells
remain dormant for some time but continue division before the
embryo reaches maturity.
The two lower tiers in the embryonic sphere now begin to
differentiate into a central plerome and the surrounding periblem
and at the same time the lowest cell of the embryo proper or the
incipient calyptrogen cell divides by longitudinal walls into four
•cells followed by transverse or periclinal walls which differentiate
the primary layers of the calyptra and calyptrogen (Figs. 29-32).
This periclinal division extends out into the dermatogen cells
derived from the primary octant as will appear from an inspection of Figs. 29, 30 and 32. The calyptrogen thus is developed
from cells derived from both he terminal arid basal embryo cell.
As stated before the embryo proper is developed entirely from
two original tiers of cells each developing octants, but the terminal cell divides first by longitudinal walls and its development is far advanced before the basal cell begins its division
which is always transverse in Bursa although longitudinal in
Alyssum.
The cotyledons and plumule have their origin from the outer
•cells of the original octant while the hypocotyl is developed
from the basal octants. The nearly spherical embryo begins to
take on a flattened appearance at the outer end (Fig. 28) and
later, by the appearance of two large protuberances, the incipient cotyledons, it is heart-shaped in properly cut longitudinal
sections. The embryo remains straight until by rapid elongation
the cotyledons are forced around by the curved wall of the ovule
•(Figs. 34, 35). When the embryo is approaching maturity the
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cells of the hypocotyledonary region and root tip undergo rapid
division so that the entire length of the cavity of the ovule is
filled and the suspensor cells are crushed (Figs. 35, 37). But
the vesicular cell retains its active appearance to the end.
The plerome consists of a bundle of small elongated cells
surrounded by a sheath of larger cells and the periblem consists
of two layers with an inner limiting layer. The sheath of the
plerome and the inner layer of the periblem have a common
origin as will appear from an inspection of Figs. 36 and 38. The
nature of these two layers was not determined. In the mature
embryo the cotyledons are well developed but it is difficult to
obtain central sections because of the curving and folding.
Usually when one has a central section of the radicle the sections
of the cotyledons will be more or less tangential.
ADDENDUM.
The foregoing paper was left in an incomplete condition at the
time of my wife's untimely death. It was her desire to work out
the embryogeny of Bursa step by step as a preliminary to other
embrylological studies which she had begun. However, the
work was so nearly complete that it was thought advisable to
publish it as it was left although a few spindle stages are lacking
for a complete series. Just before her last sickness she had prepared material collected at various times of the day and night
in the hope of being able to fill out the missing stages.
The series of figures, all drawn on the same scale, represent
to the eye the actual increase of the embryo in size at each stage
of development and will be of considerable use to students for
reference.
To be cut off in the midst of work and plans for the future
was her sad lot, and, without referring to my personal loss, it is
with a sorrowful heart that I contemplate her passing away so
long before her bright hopes and ambitions were realized.
JOHN H.SCHAFFNER.
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EXPLANATION OF PLATES I, II, AND III.

The drawings are all on the same scale and were reduced to
% of their original size. A combination of Zeiss 18 compensating ocular and Zeiss 8.0 mm. Apochromat objective was employed
with a magnification on the table of about 900.
1. Egg apparatus with oosphere.
6. Three-celled embryo.
2. Elongated oospore.
7. Four-celled embryo.
3. Oospore dividing.
8. Five-celled embryo.
4. Two-celled embryo and synergid. 9. Incipient six-celled embryo.
5. Two-celled embryo.
10. Six-celled embryo.
11. Older six-celled embryo with the upper two tiers of cells stained
much darker than the rest,
12. Eight-celled embryo; the tip in the quadrant stage.
13. Nine-celled embryo with four-celled tip.
14. Ten-celled embryo with four-celled tip.
15. Eleven-celled embryo with four-celled tip.
16. Fifteen-celled embryo with octants at the tip and seven suspensor
cells.
17. Same stage as the preceding, the octants cutting off the primary
dermatogen.
18. Twenty-two-celled embryo with primary dermatogen complete, the
normal embryo at this stage has twenty-three cells.
19. Embryo with the cell adjoining the embryonic sphere undergoing
transverse division.
20. Typical twenty-four-celled embryo.
21. Embryo with longitudinal division beginning in the lower tier of the
inner octants.
22. Typical embryo with ten-celled suspensor.
23. Somewhat later stage showing rapid multiplication of the upper dermatogen cells.
24. Embryo showing division of the basal embryo cell and origin of the
third tier in the embryonic sphere.
25. Typical embryo at time when the lower two embryo cells are ready
for further development.
26. Same stage as the preceding but somewhat one-sided in development and with a different number of cells in the suspensor.
27. Embryo showing first division of the root tip cell.
28. Embryo showing the outer tier of cells from which the cotyledons
and plumule are derived with a much darker stain than the rest
of the tissues.
29. Embryo showing origin of cotyledons, stem tip, hypocotyl, root tip,
calyptrogen and calyptra.
30. Somewhat older embryo than the preceding showing further development.
31. Median section of embryo cut in same plane as the cotyledons..
32. Embryo showing cells of stem tip and second division of calyptrogen.
33. Longitudinal section through one cotyledon of embryo somewhat
older than the preceding.
34. Embryo just before the beginning of the final rapid elongation of
the radicle.

35. Embryo showing the condition of the tissues at the stage when the
36.
37.
38.

cotyledons begin to curve.
Cross section of embryo at same stage as the preceding showing
dermatogen, periblem and plerome.
Mature embryo showing the character of the embryonic tissues.
Cross section of mature embryo.

