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Introdue ’auo. Mo blological problem iz of more importence than that deal.-
F 't

P e

ing with the developmental process cceuriim during the growbth of the organisa
from its incephion to malurity. The end product of morphogenasis is fairly well
known from the efforts of students of worphology and amatomy. The impebus given
studiss of heredity by andel and later investigators in the field of cylogenst.
jca has largely clarified the mode of transmission of factoras debtermining the
final form of the adult orgenism, Between the inception of the individuval and
its adult form Lies a sequence of developmenial evente boward the understanding
of which bioclogical research is now largely directed. This relatively new re-
search approach is toward an understanding of how the inherited units interplay
and influence development to produce the pattern of the adult, The term morpho-
genesis s applied to the whole of the developmentsl processes that bring sboub
the unfolding of the finished organism, It differs from morphology in that
morphology's main concern is with the finished product of maturation,

The object of an morphogentic approach is to discover how the units acquired
at fertilization express themselves during the growth of the egg thus determining
the form of the adult., Cenetics 18 of course concerned with the transmission of
the internal factors determining form,

Mary component andlinteracting factors contribute Lo the end product of
development in any organism. UOenebtic, physical, and ecological factors all enter
into the developmental recipe of any spscies. Hach factor is in itself 2ll im-
portant, yet a harmonious interaction beétween each factor of development is essen.

N

tial for the normal growth dnd maturatlon of the crganism., In a morphogenstic

study it iz important to note the ro‘e of genetic, ecological, and environmenbal
factors. ALl of which contribubte o every astage of development., In such an

analysis it is alsc helpful, if not essential to the experimenter %o be able to

control one or more of these factors,



The student of morphogenesis i3 ab once confronted with the problem ¢f a
-suiltable choice of experimentsl material. The ideal experimental object must
be such that it i3, as far as possible, controlled by its genetic potentialities
and begling its development with 2 minimum of aceessory substances such as food
acquired from the parent. It should be able to develop on synthetic media
which can be varied by the experimenter, Tdeally the observer should be able
to record development at intervals of time during growth and be able to trace
the development of individual cells and other atructures.

These requiremsnts nearly rule out animal material since tha individual
cells are not clearly delimited due to the thin membranes forming the cell out-
lines. Morsover, the animal egg begins its development with a large amount of
stored food and unknown substances carried over from the female éarentﬁ

The fern aspore is an excellent subject for experimental work because it
carries little of its previous environment with it %xgg'ita gize limits the
contents of the spore to a mindimum, Therefore, any experimental environment
designed by the Investigator will not be contaminated by large amounts of un-
known substances which would be present in a seed or in an animal egg. Fach
-gene in a haploid organism plays its role in development since the effect of
recessive genaz cannot be masked by the presence of dominants as is the case
in heteroszygous diploid organisms.

Another aspect in favor of the fern spore as an experimental object in a
physiclogical study is that the experimenter can begin observations with the
single-celled spore instead of the complexity of cells found in the seed, From
this single celled spore the growth and development of the multicellular prothal.
ium ecan be observed,

A fern prothalium further renders itself favorable for research in that,

contrary to most botanical crganisms it is only one cell thick except for the
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archegonial cushion neay the noteb of the prothaliumg which is spproximately four
celle thick., This facilicates nmicroscopic or camera study, since essentially all
of its cells can be cbserved in the living condition and the formatlon of new cells
and organs can be observed directly.

The small size of the prothallia is an adcditional adventage, in that many hun-
dreds of them can be grown in a lirited space.

Te use of the fern prothallium as an experimental object is not new. The
oldeyr literature concerning its development is sumed up by Dower (1923}, liore
recently, Albaum (1938) carried out a serles of surgical experiments to deters
mine the mode of prowth control in the prothallium and reviewed the literature
to that time. Albsum found that removal of the apical noteh resulted in the
production of adventitlous outgrowbhs on the basal portion of the prothallium.
These outgrowths were inhibited by the application of auxin solutions or auxin
in lanolin., Thue it was concluded that auxin produced by the apical noteh ine
nibits the formation of such outgrowths on the intact prothalliwm, Ward and
Wotmore (195h) further employed surgical treatment of prothailial tissue to
partially separate the zygote from enveloping gametophytic tissue, The embryo
subsequently outgrew the calyptra much earller than normal. ‘This release re~
sulted in a slower growing of the embryonic mass, thus leading to an assumption
that the auxin centers arve in the archegonial region. Perhaps the mogt recent
physiological studies of fern prothallie were published by Steeves, Sussex, and
Paytanen (1955). Steeves described the two types of abnormal proliferatlions of
fern prothallia prown in vitro and Par snen described these abnormalities cytolog-
ically., An apparent correlation was found between the frequency of archegonial
ahnormalities and the ability to produce normal organized growth under the prevail.
ing conditions.

™is report has several purposes. It will primarily describe some preliminery

exeeriments undertaken teo perfect techniques for prowing and observing developing
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fern prothallis, Mebthods of conbrolling the envivonment such as lighting, nutri.

tion, ete., will be presented as well as photographic techniques.

THE DEVELOPMENT OF THE GAMETOPHITE

Spores of Pterid umdguilinum obtalned from the Carolina Biclogical Supply

Company were grown on a mediom conhainina REIRUG N 0.5 gma.y KBPOY, 0.2 gms,;
HgS0y, 0.2 gma.; Callp, U.1 gms. and fiMe drops of a one per-cent solution of
E=‘1;3f.’13 pey liter,

in esrlier experiments 1.5 per-cent agar was added and the madium was plat-
2d, Spores were sifted through cheese cloth onic the surface of the agar. It
wag Tound however, that the agsr dried out after several weeks and the developing
prothallia died, ror this reason the agar medinm wag abandoned and gpores were
Tleated on the surface of the liquid medium in stentoer disheas,

The dishes were laced on a tabls near a west window, The heat [rom the
sun damaged the prothallial tissue, and growth was variable, possibly because
the illuminztion was not constant, To insure a consbant photoperied and to
=liminate intense heat, found on days when the sun was very bright, the dishes
were illuminabted by {lorescent lights, twe L5 watd daylight tubes at room tem-
sorature 259-27° centegrade, Tha dishes were placed L3 centimeters frowm the
light source, A time switeh controlled the llghts so they were on from 6 AM,
vy b P.M, daily., The shades wera drawn in the room Lo keep out additional
light, The arrangemsat of the culture dishes and lumps is shown in figure 1.

Crowding, which occumed when too many spores were sifted inte a dish (fig. ?),
resulted in reduced development and produced filamentous, pin cushion and ceral.-
1oid proliferations as described by SteeveaJCIEKSJ. These abnormsl colonies pro-
duced seemingly functional sex organs but prothallial development was slower,

Prothallia from sach culture were observed, microscopically, once evexy

week and records were keph of germination of the gpore Lo the formation of the



sporling, Drawings of the prothaliia were made at intervals with the aid of a
camera lucida, ) |

The following method was employed4$;;otographic recording of growth,

A water slide of the material to be photographed was placed on the stage of

& microscope on a horizontal position (stage vertical) and the image was pro.
Jjected onto sensitized paper. The microscope and its light source was set up
in a dark room, thus the arrangement is essentially a photoenlarger, A 10X
objective and a 5X ocular were used. The distance from ocular to paper holder
were adjusted to give a magnification of 100X,

Germination of the spores occumed in this investigation from 5 - 8 days
after the sifting of spores onto the surface of the nutrient solution., Rhizoids
were first formed from the spores, followed by single prothallial cells. These
cells divided to becume mature heart.shaped prothallia bearing antheridia in
about 35 days after germination,

The antheridia watured from 5 . 7 days after their formation, and released
swimming anther@zoids. Each antheridium released an average of 50 antherdzoids.,

Archegonia developed near the archegonial notch of the prothalliuvm, after
all the antheridia had finished their release of anther@zoids. This occured
about L5 days after germination, The ripening of the sex organs at different
times prohibited self fertilization, Several anthertmoids from other prothallia
in the culture swarmed around each archegonium. Fertilization was accomplished,
when an antherdzoid entered the cansl ang united with the egg., Two-leafed
aporlings were produced about 70 days after germination. Figures 3, 4, 5, 6, 7,
U and 9 present a series of developmental stages from the spore to the mature
gametophyte,

In attempting to follow one spore through its development to a mature

gametophy b , germinated spores were placed in thin moist chawbers, These

chambers were constructed by cutting an opening in a thin piece of lucite and
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by affixing cover slips to the opposite sides of the opening. Strips of filter
paper acted 28 a wick to keep the imner surface of the cover slips moist. The
detailed construction of the chamber is shown in figure 10,

Agar held the germinated spore to the cover slip. Photographs were taken
at three day intervals, However, this procedure was unsuccessful because the
agar covering the slide did not permit clear photographs. Mcld contawination
produced further difficulty,

In a further attempt to follow the developmental processes of a single
spore, spores were placed in depreasion slides containing nutrient sclutions.
Drying and mold rendered this unsuccessful.

Thus it appears that to successfully follow the development of a single spore
aome method must be found to sterilize the spores prior to planting.

Steeves, Sussex and Partanen in a paper Just published {$.6.) described a
method of spore sterilization, In this process, sporea were agitated for 10
minutes in & 3.5 par-cent calcium hypochlorite solution and subsequently washed
several times in distilled water.

The possibilities of camera studies are illustrated in figure 11, from which
it can be seen that the cell walls are clearly defined and the occuwence of new

cell walls can be readily observed,

FXPERIMENTS WITH GROWTH SUBSTANCES

This study is devoted to the observations of tne effects of indole - 3 -
acetic acid (auxin) and 2 ,- i~ 6 - trichlorophenoxy - acetic acid (2 - L - 6 T)
on the development of the gametophyte. Auxin is the best known growth regulator
in plants., So far as is known it is produced in all flowering plants and ferns.

Growth and development depend upon the amount and availability of the aubstance
{(Thimann 1954).



In most cases, if the natural source of auxin is cut off from the plant and auxin
ig exogenouwsly supplied, the amount of growth is related to the conc:cnh‘;"ati on of
auxin appiied, High concentrations of applied auxin may inhibit growth o: even
be toxic to the normal metabolic and maturation processes. In low concentratlons,
howaver, avxin may be a limiting factor. For most plants there is an optimun con

'r'.;:' 3 4 3 0 1 apparently hac lhe properties of an "anti-auxdin” (Modee ao.
Bonner 1952, Hoffman 1953). I% is antagonistic to many auxins, thus inhibliting
normal auxin effects whether applied alone or in mixtures with auxin.

It is supposed that auxin formation in the fern prothallium cccurs in the
apical notch (Albaum f. €.), the archegonium and derived calgpira (Ward and Wheb-
rore 10H)). This investigation was made to determine whether 2 5y L y 6 T would
have an imhibitory effect on the naturally occuring auxin, and to determine
whether or not the exogenous addition of auxin would influence the normal course
of development,

9:5 5 4 9 6 T was added to the nutrient solutions to meke the following
concentrations; 10-8, 10-7, 10~6, 10-5, 10-4, 103, 10-2, 1071, 0.5, 1.0, 1.5,

2, 3, L, 5, 6, 8, 10, 100, and 250 mitligrams per liter.

It was found that solutions above four milligrams per liter were toxic to

the spores, preventing germination. Solutions above 0.5 milligraws per liter

supported the growth of mold on the spores. The mold did not prevent germination

‘or growth, but it appeared to cause some inhibition of mormal growth and develop.

mend.,
Tweniy-five separate experiments were run with cultures in solutionz from

108 40 1072 milligrams of 2 = 4 -~ 6 T per liter, Often the results were incon.

sistant due to factors which will be discussed later, but the overall growth and

devolopment appeared to bs equal to that of prothallia grown in control solutions.
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There was a negligible indication that antheridia formation was retarded in the
higher concentrations of solutions in the series, The resulis of these experi-
ments are summarized in figure 12,

Experimental resulis using solutions from 10~ to 4 milligrams per liter
indicate an above normal progressi- e stimulation of development.

An above normal progressive stimmulation of growth was 32235 in cultures
grown in 107! to i milligrams per liter solutions. Development in the 10~} ng
liter cultures was slightly above normal. Orowth stimulaticn was progressively
greater @s the concenration sbsemgth increased, Prothallia grown in the L mg.
liter cultures developed antheridia two weeks earliier than normal. Thus a posi-
tive stimulaticn of growth conld be indicated in this series of experiments,
however, there are factors which prehibit a conclusive statement to that effect.
The solutions were used in only five experiments; although all experiments in~
decated positive results, mold contamination was such that death occurred before
spordings could be produced, thus making the resulis incomplete.

‘ Sii pxperimenﬁu with auxin were run using aclutions of the .. me concentra-
tions as the 2 y b 5 6 T solutions. Auxin in series from 200 to 10°2 milligrams
per liter appeared to rotard development. Antheridia developed one week later
in auxin cultureé in this series than in coﬁtrol solutlons, 'Prothallial éﬁlle,‘
in auxin cultures appessred to be slightly larger than prothallial cells found
in coptrol and 2 5y L 4 6 T cultures. Thiaman (194%) theorized that auxin entering
the cell with great rapidity, accelerated protoplasmic stroaming, which in turn
broukht about an increased intake of solutes, and nﬁ;;?Zmll wall plasticity. Thus
the lncreased solute (water) uptake coupled with changes in ce'l wall propertieﬁ
increased cell size,

Auxin in solutions above 10 mg. per liter prevented the spore's germination,
Grou;h‘and development of prothallia in soluticns from 10-% to 10 mg, per liter
were retarded slightly more than that in solutions from 3.0"a to 1072, Only four
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experiments were carried out using these auxin concemtrations, The prevalence of
mold destroyed the cultures before their maturity and discouraged further experi.
ments until some agent is found to eliminate mold,

Results from both auxin and 2 4 5 6 T experiments were rather nebulous
and inconsistent. The rate of development was not consistent in the series when
they were repeated, as can be illustrated in figure 12, The large variation in
developmental stages found in prothallia in the same culturs or in a duplicate
culture rendered definite conclusions difficult.

Certain physical factors may account for inconsistent results, One such
factor being the presence and abundance or absence of sporangiasifted into the
stentor dishes with the spores. It was noted in several instances that sporangi:

were present in large numbers in cultures where development was normal. It was
noted also tﬁat duplicate cultures with few sporangia or lacking sporangis were
slowimg in their development, After this observation an experiment was carried
out wherebgt all sporangia were removed from a control nutrient culture and a com-
trol culture was set up containing sporangia., This test resulted in normal or
above normal growth in the dish conteining sporangia and retarded growth in the
dish without sporangia., (figure 13)

Algae, wh:léh grew in the cultures, appeared to have an inhibitory effec' in
cultures where it was prevalent, In cultures where algab growth was present but

not so prolific mo apparent effect was noted,

EXPERIMENTS WITH ULTRA-VIOLET LIGHT

Experiments with ultra-violet light were suggested by the sponsor and con-

sidered worthwhile by the investigator. Ultra-violet radiations are known to cause

an abnormal increase in cell size in Timothy roots (Brumfield 195L) and to induce
cytological changes in certain test objects., Ultra-v _olet light penetrates to
such 3 limited extent that its cytological effects are restricted to very thin ob-



Jecta such as grasshopper neurcblasts, pollen tubes, bacteria and fungi. It was
asaumed in this investigation that prothallla might be suitable test obiects for
radiations of limited pensetration,

In experiments with ultra-viclet, the prothallia were radiated by a 15 wabt
General Flectric germicidal lamp which delivers about 80 per cent of its emergy
in the 2537 A region., The prothallia were exposed for 1, 2, 3, 5, 8 and 10 minutes

&% an intensity of 0 ergs }{n? ;{ aec;
e
Prothallis (LS, 37, and 151after thelr germination) were exposed to radiation.

Exposure from 5 te 10 minutes appeared after one week to increase cell size and
number, and it seemed to hasten sporophyte development about one week before normal
in the L45-day old prothallia, Cell slze and number increase was rated in the 37
day old prothallia.

Chromosomes were studied in the 15 day prothallia one day after exposure.

For cytological study, prothallia were cleared by—phasememd in 95% alecohol
for 20 minutes, The cleared prothallia were then placed in a paradichlorobenzene
solution (5ml 1 bi water) for twenty minutes to spread the chromosomes, The
material was stained with aceto-carmine and temporary slides were prepared. A
Wratten green filter was used to facilitate microscope observation,

Chromosomal change was not evidenced in this investigationy however, only
one experiment was carried out. Further research might produce positive results.

According to Briton (1953) Pteridium Aguilinum has 52 chromosomes, See figure

1l for camera lucida drawing showing chromosomal arrangement in a metaphase plate,
SUMMARY

This investigator believes that fern prothallia are good subjects for a
physiological study because they are haploid, are one cell thick, can be studied

Thearr
in a llving condition, possess—an envieonment tived can be easily controlled, and
are small enough to grow large numbefs in limited space,
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Fig, 3-8 show growth of a single germinated spore over a 3 week period.

Fig, 9 drawing illustrates a btyplcal prothallium bearing antheridia.

Figure shov:i construction of a lucite chamber, vsed in attempting to

follow a single germinatedzspore through its developmental activities.

Prothailxﬁﬁ; showing clearly defined cell walls, illustrates possibilities
of camera étudyo R WD
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Bar graph indicates development time of prothallia in four (a,b,e,yd)

typical expériments using concentrations from 10““8 to 1072 mg/Ls 2-L-6T
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and run with control culture,

Control Culture (left) which contained sporangia, Sporangia are absont
in culture (right).

Camera lucida drawing (Ca 2,000) shows chrohosomal arrangement in meta-

- phase plate,
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