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ABSTRACT

SuccessfulAfertilization and seed development following placental
pollination in vitro has been reporfed.in several angiosperms. In

Papaver nudicaule‘L., placentae with attached ovules were dissected out

of unpollinated gynoecia 1-3 dagggafter anthesis, dusted uith pollen, g
and cultured on modified Nitsch's growth medium at'23C. For\comparieon,
greenhouse flowers were hand-pollinated on the day of anthesis and
 allowed tolcontinue‘gevelopment EE-XEXQ- Fertilized ovules at different~
etagee were fixed in GA—OeOu, embedded in Sfurrfs resin, and processed
for’light microscopic and certain histochemical techniques; Polleu"
gefminates after dne hour ig.xijgg. Although uost pollen;tube’gyowtﬁ
apieais random, there-is directional growth toward the micropyle.' The
crassinucellate ovule coutains a Polxgouum-type megagameiophyte.r The »
'polarized egg has a large chalazal vacuole and micropylar nucleus Pollen
tube access into the megagametophyte is through a degenerate synergid
with fertilization occurring between 24 and 31 hours after pollinatlon
in XEEEQ-V Zygote establishment is accompanied by polarity reversal in -
which the nucleus assumes the chalazal pOSition subtended by a large
micropylar vacuoler Three days aftercpollinatiou in igﬁgg a two-celled
proembryouana’free.nuclear endospeim aieeetablished. Endosperm cellu-

v larization'oocurs after 4-5 days in culture. At da; lO‘Df incubation
‘endosperm cytoplasm is dense and there is a large globular embryo. Sub-
stantial interdigitation between presumptive protodermal outer tangential

walls and adjacent endosperm‘appears atrthis time. Protoderm crenula-

tions are presumably related to aspects of endosperm degradatiou,' The
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primary meristemsfand their derivative tissues are discernable between
12 and 15 days when cotyledon initiation occurs, Embryos achieve .
morphological maturity within 27-28 days and most seeds are germingflé.

-In vitro placental pollination and seed degelopmeht}techniques provide

a useful experimental research tool and may also have economic im-

plications.

~d
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CHAPTER ONE

INTRODUCTION .

Successful test- fube fertilization in an angiosperm was first
reported in Papaver somniferum L. by Kanta; Rangaswamy, and Maheshwari
’ % s o

'(1962). The time of anthesis and .anther dehiscence had to be deter-

nined in order to emasculate aﬁd bag flowers before pollen was shed.

On the day of anthesis, bagged gynoecia Wére éollected along with anthers
that were Just’ bBeginning to -open. Using aseptlc technlque, placentae
with intact ovules were cpltured on a nutrient medium without exogenous
hormones and dusted with mature pollen. Numerous poilen tubes formed

on and ar;und the placental explants resulting 1n penetratlon and fer-
tlllzatlon of sone of the ovules. Fertlllzed ovules enlarged, turned a
mealy white, and eventually acquired characteristic séed coats in con-
trast to the shrunken and collapsed nonfertilized ovules. Internal |
development of seeds produced in Xi};g.éppeareé to follow the pattern
observed in seeds fofﬁed in vivo, although later developmental stages
in vitro were accelerated andﬂenhanced.

Work on ig_ziigg_fe%filization was expanded to other members of the
Papaveraceae’and Solanaceae (Kanta and Maheshwarl 1963; Maheshwari and
Kanta 1964) When the in vitro versus in vivo systems were compared
in Papaver somniferum, it was observed that fertilization was accom-

plished from 1-2 days earlier in vitro. In an attempt to refine tech-

nique and improve results, other experiments using Argeémone méxicana-L.,

EschscholziaVcalifornica‘Cham.,_Nicotiana rustica L., and N. tabacum L.



.
suggested that the process of in vitro fertilization could be enhanced

if the placentae were collected from baggedlgynoecia 24 hours after
anthesis and by supplementlng the medlum with casein hydrolysate. In

all species tested, fertilization occurred with subsequent seed maturatron
Radicle emergence from the seed coat was observed 1n‘some of the mature

seeds of Papaver somniferum, Nlcotlana rustlca and N, tabacum while

stlll.attached to the placentae. Seedlings‘were formed only after seeds
had been subcultured on fresh medium, In;contrast germination‘of‘ g
Eschscholzia Callfornlca seeds resulted in callus formation, although
regenerants developed and eventually produced seedllngs af'ter. the callus
had been subcultured on fresh medium. The success achleved in these
experlments prompted other researchers to attempt in v1tro fertlllzatlon »
in other species such as Petunia violacea Lindl.. (Shlvanna 1965) and
Antirrhinum majus L. (Usha, 1965).

It had been suggested that in v1tro fertilization technlques could

prove useful to plant breeders by 01rcumvent1ng gynoecial 1ncompat1b111ty ///

within certaln genera -or between different genera (Kanta et al , 1962),

/
/

| Hangaswamy and Shivanna (1967) conflrmed self- 1ncompat1b111ty in Petunia’
axillaris’ (Lam ) B.S. P, by demonstratlng the 1nab111ty of tubes from Self-
pollen to reach the ovary 1n contrast to successful fertilization in cross-
“polllnated flowers. To test the usefulness of in vitro fertilization,
pre~fertlllzatlon placental explants with intact ovules of Petunia
axillaris were dusted with self-pollen and incubated. Numerous pollen
‘tubes were produced resulting in fertilization and formation‘of viable
‘seed as confirmed by germination tests (Rangaswamy and Shivanna, 1967)
Zenkteler (1967) attempted ‘to induce intra-generic and inter-generic

hybridization between members of the Caryophyllaceae. For all'experiments,



pre;fertilization‘placentae'with'intact ovules were dissected from Meland-
rium album Mill. gynoecia. IndiVidual placental explant:xwere dusted

ica, and Dian-+

with Melandrium album, M. rubrum, Silene schafta, S. iat

thus carthusianorum pollen respectively. Pollen germ1nat1§n and fertlll-

zatlon occurred in all cultures and embryo dissectlons from 14 day old

seeds indicated normal- development Due to technlcal'problems, mature

seeds were obtained from only those cultures dusted ,with Melandrium album,

M. rubrum, and Silene schaf'ta pollen. Embryos dissected from these mature

seeds were subcultured and eventually developed into seedllngs that gave
rise to new sporophytes capable of underg01ng flower induction. Hybrid-
ization between species belonging to two‘different families was also at-
tempted by Zenkteler (1970) using in vitro fertilization techniques.

When ovules of Welandrlum album ‘were dusted with Datura stramonlum pollen,

a two-celled proembryo and endosperm nuclei developed as a result of
successful fertilization, although the percentage of seed set was low.

The proembryo eventually degenerated and ‘the endosperm failed to develop
beyond the 25 nuclel stage. . The only explanation offered by Zenkteler
(1970) was related to differences in ploidy between donor species. These
~experiments illustrate the potential usefulness of in vitro fertilization ‘
techniques to plant breeders interested in either hybridization or in
01rcumvent1ng certain self- 1ncompat1b111ty barriers to induce sexual
production of diploid seedlings.

There have also been studies designed to alter various factors that -

may affect the in v1tro fertilization system in NlCOtlana tabacum. Ex—

periments by Balatkova and Tupy'(l968) were designed to determine the
fertilization potential of pre-existing pollen tubes before and after

generative cell mitosis. It was determined that gamete formation in:
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N. tabacum occurred between 10-18 hours after pollen germination- there-~

fore, pollen tubes cultured 8 hours and 20 hours were tested. Pre-

©

o

—

fertilization Placental explants were 1ncubated in direct assoclation
with the pre—cultured pollen tubes which resulted in the subsequent
formation of seeds in both the 8 hour and 20 hour ol4 pollen tube cul-
tures. In other experlments, Balatkova and Tupy (1972) observed a re-
tardation of post-fertilization in vitro development when large quantities
of pollen were dusted over placental explants even though the culture
medium was supplemented with casein hydrolysate. Restriction of growth
.~edue to numerous pollen tubes was considered as a possible explanation

for the developmental retardation which prompted Balatkova and Tupy (1972)
to restrict pollen deposition to one, area on the placenta A higher
percentage of‘seeds Per placenta was obtalned as a result of- the local-
ized pollination. Although there was no obser;able difference between
cultures reared in dlffuse light and those in the dark, seed set was
increased when placentae were pollinated and cultured 1-3 days after
anthe51s in contrast to a substantial deterioration of cultures made 5

~days after anthesis (Balatkovs and Tupy, 19?2)

" More recently, seeds o6f Narcissus ppeudonar01ssus L. c.v. Carlton

formed in vitro failed to germinate even when subcultured or after
treatment with Knopf's nutrient solution. Balatkova et al. (1977) at
“first suggested that Narcissus seeds produced in vitro were not viabie.
This was shown not to be the case by Balatkova et al., (1977) who re-
ported that germination and seedling establishment took place only after
the seeds had been sown in soil Fertilization and seed development in
“ Narcissus oceurs in the early spring during periods of relatively low

temperatures which suggested to Balatkova et al, (19??) that these
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developmental processes may be adapted to lower temperatures. In vitro

1

fertilization and seed development were 1nduced and\the cultures incu- .
bated at 15C and 25C The percentage of seed set was determined to be
three times greater in cultures incubated at 15C than those at 250 This
ev1dence suppor@gd the hypothe51s that fertlllzatlon and seed development
are_pnysiologloally adapted to their natural environmentel conditions

(Balatkové'et al., 1977).

The Iceland Poppy (Papaver nudlcaule L ), a garden variety perennial

was selected as the experlmental organlsm for this study on the basis of -
(1) the previous in vitro fertilization success in other members of the
Papaveraceae, (é) its greenhouse availability{ and (3) because the pro-
cesses of fertilization and seed formation have not been‘described for
. this species. The mdjor objectimes were (1) tovcharaoterize the mor-
"phological aspects of in vitro placental pollination and seed- development
and (2) to compare those observations with development inivivo on t;e
light mlcroscope level using conventional and modern hlstologlcal and

[

histochemical technlques.



CHAPTER TWO : ,

POLLINATION -
Materials and Methods

" Flowers of Papaver nudicaule L. were emasculated and ‘the gynoecia

1mmed1ately bagged to prevent polllnatlon on the day before anthesis
Intact p&ecentae were dissected out of unpollinated gynoecia 1-3 days
after anthesis., Pollen was aseptically COllecbed from dehiscing'ahthers
2 :
and dusted over and around the placental strips which were then cul-
‘tured on modified Niﬁsch’s growth nedium ab 23C (Appendix Two). Ovules
were remoVed from pidcental explants at 15, 24, 31 and 48 hours posf—
polllnatlon in v1tro, fixed in buffered 37 glutaraldehyde for 3 hours
rlnsed in 2 changes of phosphate buffer for 1 hour, post-fixed in buf-
‘Iered 2% osmium tetroxide for 2 hours, and rinsed a ‘final time in phos—
‘ phate buffer all at pH-6.8. Following dehydration in an ethanol series,
the ovules were embedded in low viscosity resin (Spurr 1969) (Appendix
' One)‘ Intact placentae were flxed and dehydrated as prev1ously descrlbed
15 hours after polllnatlon, crltlcal point dried, coated w1th gold and
viewed with a Cambridge Stereoscan 150 scanning electron mlcroscope.
Some pVUles removed from explants 24 and 31'hours.in culture were fixed
in bufferedEB% glutaraldehyde for 3 hours, rinsed in phosbhate‘buffer
for 1 hcur, treated withbaniline blue for 15 minutes, and viewed in a |

(o

depressioanlide'usiné fluorchehce microscopy to detect pollen tube_’



- callose (Jensen, 1962). Ovules that had been pettetrated by pollen tubes
were post—fixed, dehydrated; and emoedded;

Sections (0. 5 1:0um) of plastic embedded ovules were made u51ng a
Reichert QM U ultramicrotome, mounted on autoradlography slldes

-

(Jensen, 1962) and stalned with methylene blue (adapted from Suzuki,
1963) for general observatlon | " selected sections were treated with 6y;7x
2 &—dlnltrophenylhydrazine in 15% acetic acid as an aldehyde block prior
to staining with perlodlc acid-Schiff's reagent to locallze insoluble
polysaccharldes (Feder and O Brien, 1968) and then were stalned w1th

‘aniline blue black to 1dent1fy proteln (Fisher, 1968) (Appendlx One).

Zeiss Photomlcroscope IT was used for all light mlcroscope observations,

Pre—fertilization Ovule

General morphology

The gynoecia of Papa;er-nudicaule L. are unilocular, multicarpellate‘
structures that may contaln several hundredvovules borne on as many as
eight parieral placentae. Ovules range from 0. 5mm 1. Omm in width and
from 1.0mm-1. 75mm in length Wlth the mlcropyle orlented toward -the base
of the gynoecium. . As in other members of the Papaveraceae (Corner, 1976),
| ovules of P. nudicaule L. are.bitegmic,’craSsinucellate, and attached to
the placenta by a pedestal—like'funiculus. The micropyle formed by both d

ﬂlnteguments is. directed toward the basé of the funlculus and, therefore,

the ovules may be descrlbed as campylotropous (Foster and Gifford, 1974).
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Integuments

™ .
Outer integument -- The outer epidermis is composed of large,

récténgular, thin walled, highly vacuolate cells thatbcontain starch.
Smaller, thin walled cell; elongated parallel to the longitudinal axis
of the ovule constitute the inner epidermis. In contrast to the outer
epidermis, the cytoélasm of fhe inner ebidérmis is denser, and also con-
_tains starch (Fig. 10).

Inner 1ntegument - The outer epldermis is a narrowvlayer of thlni
walled, highly vacuolate cells that are elongated parallel to the ovular
longltgdlnal axis and do not contain starch. Cells of the mesophyll

~ layer areflé:ge, rectangular,_thin walled, highly vacuolate,.and'also

lack starch. 'Iﬁ contrast, the inner epidermis is a layer of small, thin

walled cells that are elongated perpendicular to the ovular longitudinal . -

3

axis. These cells feature prominent vacuolés sﬁrrbunded by dense cyto-
plasm, that may contain starch (Fig, 10).

Although Papaveraceous ovules are_biiegmic;ﬁlhefnumpér of layers °
composing each integuﬁent differs between generé~(go;ngr;:l976). Earlier
studies on the genus Papaver'repofted that the oute£ integument is two
‘layers thick in contrast fo fhe inner integﬁment which»has three layers
(Meunier, 1891; Roder, 1958). These earlier observations are\Similar(

to those made in P. nudicaule.
Nucellus

The nucellus at the micropylar end of the Papaver nudicaule ovule is
composed of cells that are small with thin walls and relatively

large nuclei (Fig. 5,6). The cytoplasm contains numerous small vacuoles,



stains more intensely than neighboring integumént cells, and also con-

tains starch., A well developed micropylar nucellus is common among

\\\“;iffiefs of the Papaveraceae. In both Argemone mexicana and Eschscholzia
celifornica, there are modified,micropylai nucellar'cells, the eplstase
near the megagametophyte developing thick walls and containing dark.

" staining substances (Sachar, 1955; Sachar and Ham, 1958), The epistase

is absent in Dendromecon figida (Berg, 1967) as.well as in Pa ayef/"J
. ; ‘ : ////’9

T

nudicaule,
Nucellus surrounding the megagame%@phyte is approximately 2-3

cell layers thick (Fig. 10). These cells are larger and staln less in-
: y

tensely than the micropylar nucellus, Nuclei are large and’the cytoplasm
1s highly vacuolate featurihg numerous starch conteining pldstids."This
portioh of the nucellus is evehtually destroyedAand replaced by the e*—
panding megagemetoph&te. ’
The massive chalazal nucellus.features a zone of degenerating cells

v

encompassing several cell layers ad jacent to the megagametophyte wall
near the antipodals:and a ;one of ihtéct cells exterding toward the
funiculus (Fig. 7). TheldegEnerating cells contain numerous starch con-
taining plastids.‘ These highly vacuoldte cells'become hore disofgenized
until they are disrupted and eventually crushed by megagametophyte ex-
pansion. The 1ntact nucellar cells are less vacuolate, smaller, and
contain little starch, ( |

A column of small, contiguous cells 2-3 layers thick connects
'the-region close to the terminus of the funicular vascular strand in
the 1utact chalazal nucellus with the base of the antlpodals (Fig ?)
These modified nucellar cells, the hypostase, ‘have thick PAS positive

staining’cell walls and often contain dark staining substances (Corner, -

¥



1976) (Fig. 22). It has been suggésted that the hypostase facilitates

. translocation of metabolites into the megagametophyte (Masand ahd Kapil,

"1966), Coe (1954) cqndhcted»autoradiographic studies on Zephyranthes

(Amaryllidaceae) ovules and reported a high level of lLLCOZ local-

ization in the chalazal nucellus in contrast to a low incorporation

. of lb"co“z in the hypostase. The hypostase does not appear to func-

tion in metabolite translocation in Z&phyranthes ovules. The hypo-

stase 1s a common component of Papaveraceous ovules (Corner, 1976), -ut

hypastase $igﬂ§ficance, if any, remains unclear.

\\ . . \‘
Megagé&stophyte
w o The mature megagametophyte of Papaver nudicaule is composed of seven

cells with eight nﬁclei. An egg éppérétus consisting of two synérgids
and an egg arranged in a triadic juxtaposition:resides iﬁ'the micfo—
'pyla: région of the megaéametophy%e. The chalaialiregion of the mega—
‘ gametophyfe is occupied by fwo polar nuclel and three antiéodals that_
are also arranged in a t;iadic‘juxtapositioﬁ. Megagaméfophyte develop-\

ment in the Papaveraceae i$ of the Polygonum-type (Davis, 1966).

-

g

Synergids

In Papaver nudicaule, synergids are equal in size and are broader

~

at the micropylar end than at the chalazal end (Fig. 5). - Each synergid

is surrounded by a PAS positive staining wail as in aapsella bursa-~pas-

toris (Schulz and Jensen, 1968a), Hordeum vulgare (C&ss and Jensen, 1970);

and Helianthus annuus (Newcomb and Steéves,~l97l). In Capsella ap&“”"
Helianthus, however, the chalazal portion of the synergid wall is thin,

irregular, and permits contact between synergid-central cell membranes

B T P
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(Schulz'and Jensen, l968a;_Newcomb l973a) Chalazal walls\are absent

/9f§ynerglds of Gossyplum hirsutum (Jensen, 1965a), Zea mays (leoll

and Larson, 1966), Petunia ngrlda_(Van Went, l970a), Eschscholzia cali-

fornica (Négi, 1974), and Proboscidea louisianica (Mogensen, 1978).

" Mogensen (1972) reported that synergids of Quercus gambelii lack chalazal
walls prior to fertilization, but complete walls dlevelop after fertili-

zation ‘ Vach synergld of Papaver nudicaule also features a PAS p051t1ve

stalnlng flliform apparatus that appears to be more massive than those
found in other species. (Jensen 1965a, Schulz ‘and Jensen, 968a Cass

and Jensen, 1970; Mogensen 1972 Negl, 1974), The filiform Bpparatus

is confluent with the micropylar region of. the synergld wall and. rorms
“nuUmMerous flnger-llke structures that progect into the synergld (Flg 5)

' This network of progectlons increases, the surface area of the

plasmalemma fac1litat1ng translocatlon of materlals in and out of the | y
- synergld much like-a transfer cell (Gunnlrg and Pate 1969; Pate and

Vit

Gunning, 19?2)

- The nucleus with 1ts single nucleolus is. sftuated near the common .
wall between sister synerglds 1n close prox1m1ty to the flliform appara-
o tus. A large chalazal vacuole restricts the cytoplasm to the lower two- l
1th1rds of the synergld The cytoplasm contains PAS positive stainlng

"granules as do the syg&rglds of Stellaria media- (Prltchard 1964) and

Gossypium hersutum_(Jensen, l965a) which may indicate metabolic activity. .
s . ! .

Egg

. The pear shaped egg is wider at the chalazal end than at the ‘micro-
pylar end/ and measures 52um in length and 32pm at the widest point

(Fig. ). The entire egg is surrounded by a PAS_positive staining wall



" as in the‘eég of Capsella (Schulz and Jensen; 1968b) and Hordeum (Cass

-

. \¥
and Jensen, 1970). In Helianthus (Newcomb l973a) the thick micro-

pylar wall of the egg gradually becOmes thln and irregular resultlng

in a "partial wall" toward “the chalazal end The egg of Eschscholz1a has

a thlck wall at both the micropylar and chalazal ends (Negi 197u)

the mlddle one- thlrd of the Esohsch0121a egg, however the wall is: thin

and irregular allowlng direct contact between syrnergid- egg membranes
y

In contrast, the chalazal portion of the egg wall is absent in Goggyp um

(Jensen, 1965b) Zea (Diboll and larson, 1966) Petunia (van Went 1970b),_

and Quercus (Mogensen 19?2)
‘The ogalazal two-thirds of the egg is dominated by a large vacuole

that conflnes most of the cytoplasm to the micropylar one- thlrd The

nucleus lS approx1mate1y lgpm in diameter and lies just below the vacuole‘

(Fig. 6). The cytoplasm contains starch as do the eggs of other genera.

.such as Gossxplum (Jensen 1965b), Capsella (Schulz and Jensen, l968b)

Hordeum (Cass and Jensen, 1970), and Eschsch0121a (Negl 1974) Polarlty'

of the egg of Papaver nudi caule as expressed by a micropylar nucleus and

chalazal,vacuole is characteristic for other Papaveraceous eggs such as

Argemone mexicana (Sachar 1955) Eschscholz1a callfornlca (Sachar and

Ranm, 1958), and Dendromecon rlglda (Berg, 1967) Negi (197&) ‘however,

reported that the egg of Eschscholzia has a chalazal nucleus and micro-

pylar vacuole. The latter type of egg polarlty is presumably more common

among anglosperms (Maheshwari 1950; Raghavan, 1976).
Central Cell -

The central cell is the largest cell of the Papaver nudicaule mega—'

gametophyte. The PAS positive staining central cell wall is evenly
‘ " e ; Lo | t\ | |

t
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thickened and aopears to be continuous with the cell walls of the egg
apparatus in the micropylar region as well as the three antipodals in
the chalazal region. In genera such as Gossypium (Jensen, 1965a,b) h
| and Zea (Diboll and Larson, 1966) where chalazal walls are absent from
synergids and egg, central cell wall is also absent from adjacent c
‘EOSitions resulting in direct membrane contact between egg apparatus__»
and central cell. Schulz and Jensen (1968a ,b) reported that even though
cells of the egg apparatus in Capsella have common walls with the central
cell, the walls contain irregularitiee and gaps which permit either

direct membrane contact or place membranes in close proximity to one

another, In Eschscholz1a (“egi, 19747, the common wall between the

central cell and the synergids was.lacking in contrast to a thick common

wall between central cell and egg.

Although the most commonly obserted location for:the polar nucleia
‘ 15 most angiosperms is in the ViCinity of the egg apparatus (Naheshwarﬁ,
1950) the polar nuclei of Papaveraﬂgofoaule are located in the chalaza
end of the central cell adjacent to the antipodals (Fig. 8). Chalazal
polaf nuclei have been‘reported in other Papaveraceous megagametophyte
(Sachar, 1955; Berg, 1967), except in Eschscholzia where the polar nuolei

lie ad jacent to “the egg apparatus (Sachar and Ram, 1958 Negi, 1974), J

The time of polar nuclei fusion varies between genera. The polar nuclei
of Gossyplum (Jensen, 1965b), Zea (Diboll and Larson, 1966), and Hordeun
(Cass and Jensen, 1970) begin to fuse Prior to fertiliéation, but com-
© plete the process after fertilization. Van Went (lé?Ob) reported that

polar nuclei of Petunia can fuse either before or after fertilization

in contrast to Cagsella (Schulz and Jensen, 1968b, 1973) and Eschscholzia |

I3
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In fertilized ovules of Papaver nudicaule, the polar nuclei normally

fuse after pollen tube penetratlon of the megagametophyte The polar
nuclei of unfertilized ovules eventually fuse to form 'a large chalazal
secondary nucleus with a single nucleolus. The‘majority of the vacuolate
central cell cytoplasm is situated'around the seconoary nucleus near the
antipodals (Fig. 8). A large central vacuole confines the remaining
cy;oplasm to the peripnery of the central cell. The cytoplasu stains
lightiy Eor protein and contains starch as do the central cells of other
species (Jensen, 1965b; Diboll and Larson, 1966; Cass and Jensen, 1970;
Schulz and,Jensen, 1973). The overall expansion of the megagameto—

phyte may indicate that the central cell of P. nudicaule is meta-

bolically active,
Antipodals‘

Three large antipodals join together in the vicinity of the hypo-

stase at the chalazal end of the mature megagametophyte of Papaver

nudlcaule. Each cell is surround by a PAS p051t1ve stalnlng wall fea-

turlng an elaborate network of branchlng wall ingrowths at’ ‘the antlpodal—
nucellus 1nterface (Fig. 7); The wall projections are less massive than
synergid filiform apparatuses and appear similar to thosefatﬁributed to
transfer cells that serve to increase the surface area of the plasmalemma
(Gunnlng and Pate, 1969; Pate and Gunning, 1972) The mlcropylar one-
third of each antlpodal is occupied by a large vacuole. Sltuated in the
chalazal two-thirds of each cell is a larée nucleus that is, surrounded

by dense cytoplasm. Antlpodals reflect the mirror image of the polarlty

expressed in the cells of the egg apparatus.
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Polarized antipodals are common in certain genera of the Papaver-

ales.  Huss (1906) surveyed antipodal morphology in Dicentra spectabilis,

Corydalis nobilis, Fumaria officinalis, and several species .of .Papaver,

- -

Antipédals from these plants were shown to have large nuclei and asso-
ciated cytoplasm mostly restricted to the chalazal portion of the’ cell

by a lafge micropylar vacuole or vacuoles. The more recent antipedal

merphological reports on Argemone_mexicana (Sachar, 1955),'Eschscholzia
californica (Sachar and Rem, 1958), and Dendromecon rigida (Berg, 1967)
are in agreement with theyearlier'studies. An ultrastructural inves-
tigation by Negi (1974) of the antlpodals of Eschscholzia revealed that
1ngrowths also develop from the wall dJacent to the degenerating nu-

cellus. The large nucleus of Eschsch0121a tlpodals is presumably poly-

ploid from endomitotic activity, but its sig ificanee to antipodal func-

tion, if any, remains unclear, Negi (1974) concluded that Eschscholzia

antipodals are metabolically active based on the presence of large nuclei,
wall ingrowths, and a full complemént of cytoplasmic organelles. It
this conclusion is correct, the wall ingrowths and large nuclei of

Papaver nudicaule antipodals would suggest a similar degree of cellular

activity.

Pollinatiga Events

‘Polleh gefmination -~ Pollen that lands on the surface of ovules
or placenta begins to germinate within 20- -30 minutes. Polien that lands
dlrectly on the growth medium beglns to germinate after one hour, These
observatlons are in agreement with those of Kanta et al. (1962) and

~Kanta and Maheshwari (1963) for Papaver somniferum. The pollen of
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P, somniferumbgerminates within 15 minutes after contact with the ovular
surface in;contrast to the on}%hour needed for germination by the pollen
on the growth medium. ‘

Pollen tube growth in ¥itro is similar to the pattern of growth
followed by some pollén tubes in vivo. Cass and Jensen (1970) reéorted
that in vivo pollen tubes of Hordeum first comé into contact with the
chalazal end of thé ovule and then proceed to grow aiong the ovulaiv
‘ surface toward the‘micropyle.k In Persea, pollen tubes enter the locule,
| grow along the inner ovarian wall, around the funlculus; and make con-
tact with the micropyle (Sedgley, 1979). In Papaver nudicaule, most
’pollen tdbe growth in vitro is random; however, there is directional’
growth toward the micropyle from those polleh grainéVin direct contact
with ovules ar placenta (Fig.‘3,9). Aniline blue fluoreébence reveals
a callose-like carﬁohydrate compbﬁent to the pollen tﬁbe wall of P.
nudicaule and the formation of internal callose plugs (Fig. 11). Callose
has been reported in the pollen tubes of many species and may>serve either
as a storage cérbohydrate or add strength to the wall (Sfanley, 1971; Herth
et al., 1974). Callose plugs presumably confine cytoplasnic streamirg
to tﬁe area of elongation (Stanley and Linskens, ;9?4). Scanning |
electron microscopy demonstrafes the fibrillar néture of external pollen
tube wall mofphology (Stanley and Linskens, 1974; Herth et al., 1974)
and where internal callose‘plugs have formed (Fig. L).

Pa{h of the pollen fube - In Papaver nudicaule, a pollen tube
enters the ovule through the‘micropyle and grows along the micropylar
canal until contact‘is make with the nucellus., The pollen tube proceeds»
1ntercellularly through the nucellus emerging near the nucellus—megagameto—

phyvte interfam: at the hace Af +he +tun~ cirmarn~td- Mlam emaTT o 1.



the megagametophyte by growing into the filifornm apparatus of one or
the other synergid. Synergid penetratlon occurs approximately 24 hgurs
after pollination iﬂinIEQ-' The synergid thaf receives the pollen. tube
stains intensely obscuring internal detail. (Fig. 12).

In plants such as Gossypium hirsutum (Jensen and Fisher,. 1968),

g Hordeum Vulgare (Cass and Jensen, 1970), and Proboscidea louisianica

(Mogensen, 1978) one of the two synergids begins to degenerate before

the pollen tube enters the megagametophyte, Inp plants’such as Petunia

~ hybrida (Van Went, 1970¢) and Eschécholzia californica _(Neé‘i, 197&)’; it
appearslthat rapid synergid dégeneraﬁion 1s a direct result 5f pollen
tube penetratinn and discharge, 'Dégeneration of synergids in Papaver
nudicgulé is accompanied by the presence of a Penetrating pollen tube.”
Unfertilized ovules that were pollinafed aléo show no evidence of syner-
gid degeneration. These observations indicate that in P. nudlcaule ~ the
synerglds may remain 1ntact until one is penetrated by a pollen tube,

If this mode of megagametophyte entry is correct, then P. nudicaule

resembles another member of the Papaveraceae in this respect, Eschscholz1a

californica (Negi, 1974), Pollen tube growth terminates in the degenerate

. . ¢
- Synergid of Papaver nudicaule where the gametes are presumably discharged

as in other angiosperms (Jenssn énd Fisher, 1968; Schulz and Jensen, -

1968a; Cass and Jensen, 1970; Negi, 1974; Mogensen,ll972, 1978). Events
involving the fusion of egg with sperm and sperm witn polar nuclei were
not observed in P. nudicauld presumably as a'result of the speed of the

overall process (Maheshwari, 1950).

17
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\\ : Discussion

Maheshwari (1950) reported that the antipodals of many’angiosperms
‘appeared to be metabolically actlve cells, but thelr function was un-,
known at the time. Antlpodals have been 1mpllcated in the nutrlulon of
' angiosperm megagametophytes in general, but espe01ally in certaln mem- ’
bers of the Gramineae and Papaveraceae (Brink and Cooper, 1944; Masand
and Kapil, 1966). 1In ggg.mgxg, numerous antipodals occupy the chalazaly
end of the megagametophyte (Diboll and Larson,.l966). Wall prOJectlons
develop in antipodals from the center of the cell mass as well as in
antipodals 1mmed1ately ad jacent to the chalazal nucellus that pre-
sumably‘increase plasmelemha.surface area. Diboll and-Larson‘(l96é)
also observed that some antipodals fail to form complete walls which
‘results in direct membrane contact between neighboring-cells andlthat
| the ‘cytoplasm contai~ an abundance of mitochondria, dictyosomes, and

endoplasmie reticula. As prev1ously discussed, the antipodals of

‘Eschscholzla californica also contain a full complement of organelles

and possess extensive chalazal wall 1ngrowths (Vegl 1974). The struc-

tural observations in both Zea mays (Diboll and Larson, 1966) and

Eschscholzia. californica (Neig, lQ?h) support the proposed nutritive
function of antipodals.
The structural and developmental'relationships between the nucellus

and the antlpodals of Aesculus woerlltzen81s Koehne led Llst and .

Steward (1965) to hypothe51ze the occurrence of metabolite translo- :
cation from the nucellus into the antipodals and from antipodals into
the rest of the megagametophyte. Supportihg_structural evidence is based

on a well developed chalazal nucellus that undergoes degradation at the



1nterface between chalazal megagametophyte wall and adJacent nucellus
accompanied by hypostase development at the base of the antipodals

There are numerous examples in other angiosperms of intraovular rela-
tionships between chalazal structures that may function in the absorp-
tion, storage, and/or translocation of metabolites (Masand and Kapil, %

1966; Raghavan, 1976) In Eschscholzia californica (Papaveraceae), a

well developed hypostase is situated between the base of the antipodals-
and where'the‘ovular vascular supply terminates in the chalazal nucellus.
Nucellus in the vicinity of the hypostase—antipodal 1nterface undergoes

| degradation which' led Negi (1974) to suggest the eXistence of a nutri-
tional relationship between structural compOnents of the megagametophytel

Morphological evidence from Papaver nudicaule also. suggest a maJor

pathway of nutrient flow into the megagametophyte through the chalazal
region, The funicular vascular strand terminates in the intact chalazal
nucellus in the vicinity of the hypostase. The hypostase‘may bridge
“:translocation from.the 1ntact nucellus to the base of the antipodals

The starch filled nucellus adJacent to the antipodal chalazal wall 1n—v

growths breaks down and may function as a nutrient source that is readily

available to the:antipodals. 'Structurally the antipodals of 2. nudicaule

resemble ‘transfer cells (Gunning and Pate, 1969; Pate and Gunning, 1972)
and may representISites for'accumulation and/or actiue'transport.of
‘metabolites into the central cell,

‘Ultrastructural studies of central cell cytoplasm in\some angie—'
sperms have led researchers.to'conelude that central cells are meta-
bolically active cells (Jensen, 1965b; Van Went, l970b- Schulz and Jen-
sen, 1973; Newcomb,”l973a) ‘Some central cell walls develop prOJections

presumably to maximize translocation of materials in or out In

19



Helianthus annuus, wall projections are located at: the micropylar end

of the central cell (Newcomb and Steeves 1971). Newcomb (1973a)
suggested that wall proJectlons may play an important role in both

- preparing the central cell for endosperm development and supplylng the
‘egg apparatus w1th needed metabolites Negi (1974) found the central

cell cytoplasm of Eschscholzia Callfornlca to be dev01d of starch but

wall prOJectlons develop in the v1c1n1ty of the egg apparatus prior to
fertrllzatlon Negi (197&) suggested that the wall projections are
lcru01al to the nutrltlon of the egg apparatus as the megagametophyte
reaches maturlty. The central cell of Papaver nudlcaule does not develop
wall projections, but probably functions as a nutrlent "sink” during
megagametophyte maturatlon.

| .: Jensen (l965a) studied the fine structure and histochemistry of

Gossypium‘hirsutum'synergids; Each synergld Dossesses a filiforn

“apparatus consisting of 1nternal micropylar wall prOJeCthHS that in-
crease the surface area of the plasmalemma Jensen (19652) reasoned

that the numerous mltochondrla and abundant endoplasmic retlcula ob—

port system respectlvely. Storage compartments within the synerglds
could also be provided for by the numerous dictyosomes observed in the

vicinity of the endoplasmic reticula. As in'Stellaria media (Pritchard

l96&) -Gossypium um synergids were shown to contain starch (Jensen l965a)
The starch- is restrlcted to large numbers of plastlds near the periphery
' of\¥§e filiform apparatuses. Such observatlons led Jensen (l965a) to
argue 1n favor of an active role.for synergids in thevnutrition of the

~egg as well as the central cell. Fine structural components of synereide

20



in Zea mays (Diboll and Larson, 1966 Diboll, 1968) ‘and Capsella buraa—

pastoris (Schulz and Jensen, 1968a) suggest metabolic activity which nay

indicate some involvement in the translocation and/or accumulation of

metabolites. In Papaver nudicaule, the presence of starch and well
developed\filiform apparatuses provide reasonable morohologioal and
histochemical evidence for-suggesting synergid participation in egg and .
Acentral celltnutrition, but more evidence is needed.

Synergids have also been suggested as the source of erotropic sub-
stances (Machlis, 1972) responsible for guiding pollen tubes into. the
ovule and eventually into the megagametophyte (Van der Pluijm, 196L;
Jensen, 1965a). In some anglosperms, the degeneratlon of one synergld
: prlor to pollen tube arrival at the megagametophyte and penetratlon of -
that synergld by the pollen tube suggest that synerglds may attract
the pollen tubes (Jensen and Flsher 1968 Cass and Jensen, 1970;
Mogensen i§78) These studles imply that substances from the degenera-
ting synergid are»reieased into the mioropylar region of the ovnle and

are detected by the pollen tube. The pollen tube presumably‘foiiows a

gradient of the erotropic substances to the megagametophyte and even- .

tually penetrates and»dischargesiits contents into the degenerate syner-
rigid.» Thereiare other flowering plants in which neither synergid degen-
erates until after the pollen tube has actuallxjpenetrated one or the
other of them (Ven Went, 1970c; Mogensen, 1972; Negi,'i974). In these

studies, attention is focussed on the filiform apparatus as the ontlet

for erotropic substances Produced in the synergids or in the central cell..

ey

In most cases where synerglds are present pollen tubes enter the mega—

gametophyte by growing through the filiform apparatus into a synergid

FI S

Whether svnereld degeneratinan ammirme hafare Ar ac m aamitd oo 71 -
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penetration (Jensen and Fisher, 1968; Schulz and Jensen, 1968a- Cass and
Jensen, 1970 Van Went, 19700, Newcomb 1973b; Negi, 1974, Mogensen,
1972, 1978). |

The chemical nature of pollen tube guidance is unclear however,
one poss1b111ty 1s the ca101um ion (Brewbaker and Kwack 1963)
Mascarenhas and Machlls (1962) detected a ca101um ion gradiemy in | the

"gynoecial tlssues of Antlrrhlnum maJus. The concentratlon of calcium

1ons 1ncreased from the stlgmatlc surface down the. style toward the
"ovules Thls observatlon led Mascarenhas and Machlis (1962) to pro-
pose that ca101um 1on gradlents may- be 1nvolved in dlrecting pollen tube
growth toward the ovules.. It was discovered however that the placentae

»of both Antlrrhlnum ma]us (Mascarenhas, 1966) and Oenothera longlflora

(Glenk et al., 1971) contaln twlce as much ca101um as thelr ovules,
ZMascarenhas (1966) Concluded that ca101um ions may bejlnvolved in
dlrectlng pollen tube growth down the style but other substances are
,lprooably respon51ble for gulding pollen tubes 1nto the ovules There‘
1s ‘no. 1nformatlon avallable concernlng ca101um 1on concentratlons 1n

) the vynoeclal tlssues of Papaver nudlcaule, but if, -as in Antlrrhlnum

(Mascarenhas,,l966) and Oenothera . (Glenk et al. 1971), the placentae'r
contaln hlgher ca101um COncentratlons than the ovules, other erotroplc
‘substances could be 1nvolved since there is dlrectlonal pollen tube ‘
growth toward the mlcropyle in vitro. It is pos31ole that the synerglds

of Pap;ver nudicaule may also be the source of erotroplc substances re-

'leased 1nto the micropylar end of . the ovule via the filiform apparatuses>
that establish a gradient to attract the pollen tube into the ovule and
'subsequently into the megagametophyte but no experimental ev1dence

L4

to support<this‘notionris available.
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‘Egg apparatuses of angiosperms such as Gossypium hirsutumv(Jensen,

1965a,b), Zea mays (Diboll and La_rson, ‘1966) Petunia hybrida (Van Went,

1970a,b), Quercus gambelii (Mogensen, 1972), Helianthus annuus (Newcomb

l973a), and Proboscidea loulslanlca (Mogensen 1978) presumably do not-

possess ma jor restrlctlve physical barrlers to sperm transfer from

synergld to egg or from synergid to central cell. In these plants, the

lack of chalazal end walls in synerglds and egg provide direct membrane

contact between cells of the egg apparatus and the central cell. In

Capsella bursa-pastoris (Schulz and Jensen, 1968a,b) the cells of the

egg apparatus are surrourded by wall mater;al, but there is an opening

in the common wall between synergid and egg, This opening is uSually

‘found in the vieinity of the pollen tube discharge and appears similar

-

in diameter to the sperm. The synerglds of Eschscholzia callfornlca do

not have chalazal end walls, but the eﬁg cell does (Negl 1974) . There
is membrane contact between synergld and central cell whlch could Pa01li-
tate sperm‘transfer to the polar'nuclel and a wall free area of the egg
which also results in membrane contact between synergld.and egg. Negl
(l9?b) suggested that sperm transfer from synergld to €gg is made in the -
region of dlrect membrane contact. The cells of the Papaver nudlcaule |
egg apparatus are surrounded by PAS positive stalnlng wall material,

Fine structural studles may help elu01date a p0351ble mechanism for
sperm transfer from synergld to egg and central cell as well as provlde‘

evidence either for or against the proposed functions of synergids,

. central ‘cell, and antipodals.
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\ | o CHAPTER THREE

SEED DEVELOPMENT

&

Materials and Methods

 To obtain seeds formed ig vitro, pre—fertilization placental ex-
plants with intact ovules were dusted wlth pollen and incubated at 230
1

on modified Nitsch's medlum (Appendlx Two). lg_wlvo formed seeds were

ottained by hand-pollinating pre-fertilization stigmata at the time of

The hand-pollinated flowerszere allowed to continue develop—.x
fﬁer greenhouse conditions (21—230) at the University of Alberta.
Jat different developmental stages were collected from elther
Zf;ntal cultures or from the greenhouse flowers and prepared for\'f
frer paraffin.or plastlc»mlcrotechnlque. Prlor to embeddlng in
f aplast—Plus”'(m.p. 56-57C), vfertilized ovules were fixed in Cmaf
L élutlon overnight, washed in running water for 8 hours and dehydrated
29 an ethanol- -tertiary butyl alcohol series (Johansen 1940; Sass, 1958).
ﬁ%r ¢ ceral observatlon, sections (10- 1%ym) were cut on a Spencer A0 820,
rotary ~icrotome, mounted on glass slides with Haupt}s adhes1ve, and
stained¢ with safranln-fast green (Johansen 1940) Ovules for'plastlc
sectioning were fixed in buffered 3% glutaraldehyde for 3 hours, washed : ';//,/—~
~ in zwo c¢ranges of phosphate buffer for l hour post fixed in buffered , | |

2% osmium tetroxide for 2 hours, and washed again in phosphate buffer

/{f

forfwihour, all at pH 6.8. Dehydration was done in an ethanol series

fo e by embedding in low viscosity resin (Spurr, 1969) (Appendix One).A



| Plastic‘sections (O.E—I.Qum were Cut‘using‘a»Reichert oM U2 ultramicro—
tome, mounted on autoradiography slldes (Jensen, l962),vand stained
w1tb elther toluldlne blue (Trump et ally 1961) or ‘methylene blue
’(adapued from SUZUkl, 1963) for general observation.

: Limited hlstochemlcallprocedures were carried out on plastic sec-
tionsrto‘localize and cbaracterize,major seed foodjreserves“(Appendix

One). Aniline blue black (Fisher, 1968) and Sudan black 3 (Bronner, 1975)

were_used to identify profeins and lipids,‘respectively Sectlons to
be treated with periodic acid-Schiff" svreagent to detect 1nsoluble poly-
saccharldes were first subJected to a 0. 5% solutlon of 2 u—dlnltrophenyl-
hydra21ne in 137 acetic acid as én aldehyde blockade (Feder and O'Brien,
1968),4 Anillne blue fluorescence microscopy was'utilized to reveal the
presence of any calloSe—like material (Jensen; 1962).

To examine the p0551b1e 1nfluence of placental tlssues on develop— ’
ment, fertlllzed ovules were removed from thelr placentae at h 6 y 15 |
and 22 days post-pollination and transferred ﬁo Iresb,'modified Nitsch's'-r
growth medium. Subcultured ovules were incubeted at ZjC until»eacb-
seed had been in culture a total of 26 days Seeds were then processed

for plastlc embedding, sectlonlng, and observed .as prev1ously descrlbed.

All observations were made with a Zelss Photomicroscope II.

Post-fertilization Ovule In vitro

t

Embryogenesis

Zygote -- Transformation from egg to zygote occurs. between 24 and

31 hours post*polllnation and results in a decrease in cell sigze
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accompanied by a reversal of cytoplasmic polarity. The zygote is approx—'
imately 34—3opm long and ‘in contrast to the egg, has a more unlform ‘
width of 24- -25um and is surrounded by a PAS pos1t1ve stalnlng wall (Fig.

13, 14, 17) Zygote organlzatlon in Papaver nudlcaule features a chalazal

'nucleus surrounded by a concentratlon of cytoplasm and a mlcropylar end
domlnated by a large vacuole.' Reversal of polarlty in the zygote is in
agreement w1th studles of other members of the Papaveraceae. (Soueges,
1928; Sachar and Ram 1958) as well as in other documented anglosperm

studles (Schulz and Jensen, 1968b Jensen 1968; Ashley, 1972). There is

a dlscrepancy as to the zygote polarlty in Eschsch0121a (Papaveraceae)

Sachar and Ram (1958) malntalned that the nucleus is chalazal whereas,
Negi (1974) insisted that the nucleus mlgrates to a mlcropylar pos1tlon
The phenomenon of zygote shrlnkage and reorganlzatlon has been thought
to play a vital role in. the orlentatlon of subsequent cell d1v1slon »v
(Jensen, 1968; Raghavan 1976).. Tt was demonstrated that HlblSCUS hybrld
dbzygotes failed to undergo these changes. Hybrld zygotes underwent m1t051s
in approx1mately the same time frame as self fertilized zygotes, but
.contlnued mitosis resulted in a clump of nondlfferentlated cells; These. |
data led Ashley (19?2) to conclude that zygote shrlnkage and cytoplasmlc
p‘vreorganlzatlon are essentlal to future dlfferentlation of the embryo.
Jensen (1968) proposed that a reduction of plasmalemma ‘and tono-
plast areas concomltantly with a decrease in vacuole Wwater content take
place during the decrease in cell size from egg to zygote. D1rect mem—
brane degradation or conversion of plasmalemma and tonoplast 1nto endo-
plasmic retlculum have been suggested as possible methods for decreasing
membrane area, the latter supported by evidence from Gossyp (Jensen,»

. 1968),



In Papaver nudicaule, the zygote nucleus is approximately l7—l8ym

in diameter and contains a single nucleolus (Fig. 13, 17). The dense
cytoplasm surrounding the nucleus contains numerous starch containing
plastids. Starch containing plastids have also been observed 1n zygotes

of Capsella and Gossypium (Schulz and Jensen, 1968b; Jensen, 1968) The

remaining chalazal and micropviar cytoplasm remain homogeneous. Unlike
Capsella (Schulz and Jensen, 1968b), accumulation of dense staining
material in the periphery of the micropylar vacuole of‘Papaver zygotes’
was not observed.

Proembryo -~ The flrst division of angiosperm zygotes 1s usually

transverse (Maheshwari, 1950) In Papaver nudicanle, Ehe zygote divides
trensversely to form a two—celled proenbryo approximately‘three days
post-pollination in vitro (Fig. 18) The apical cell is émaller than
the basal cell ‘and appears to have denser cytoplasm, while the basal

. cell maintins the large micropylar vacuole. :Both?cells contain starch:
and the nuclei contain moie than one nucleolus, Embryogeny in P,
.nudlcaule is of the Solanad type as is common in the Papaveraceae (Davis,
1966). The basal cell divides transversely a second time followed by a
vs1milar division of the apical cell to form a filamentous four-celled
oroembryo. The basal cell retains the large micropylar vacuole whiie
the derivatives of the apical cell appear: to have denser cytoplasm,

This mode of proembryo establishment has been described for othervmem—
bers of the Papaveraceae (Soueges, 1926 1928, 19&8 1949a; Crétd, 1957;
Sachar and Ram, 1958),‘however, there is uncertainﬁy about proembryo

establishment in Argemone mexicana. Souéées (1949b) described the

first division of the zygote of Ar gemone as vertical or oblique with sub-

sequent divisions forming an irregular proembryo. Sachar (1955) observed
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the occasional oblique division of the Argemone zygote, but found trans-
verse divisions to be predominanti Crété (1956) defended'phe original ¥
description of an oblique plane of cell division. It was concluded - that

the orientation of division in zygotes of A. mexicana is varieble and;

as a result ‘the patterns of subsequent divisions of the pwo celled pr#-
embryo are likewise varlable (sachar,’ 1956). Varlatlons in the pattern
of early development were not observed in Papaver nudlcaule |

. R
Early globular embryo -- The subapical cell of the filamentous

proembryo of Papaver nudicaule is the first to undergo a vertical division

followed by a 51m11ar division of the apical cell (Fig. 23, 26) These

two lelSlonS mark the 1n1t1a1 differentiation of the embryo proper ’
from the suspensor: Subsequent vertical divisions proéuces a globular
octet supported by a two—celled suspensor (Fig. 27). Stalnlng intensity

is more pronouncé& in the embryo proper when compared w1th the suspenSOr.
The sequence of mltotlc divisions followed in P. nudicaple to establish

an embryo proper conforms to the pattern described for P. rhoeas L. and

Roemeria violacea Medic. (Souéées, 1926, 1928, 1948). Other genera

within the Papaveraceae, such as Eschschoizi&‘and Dicranostigma, usually
%,

B

develop a multicellular filament with the first vertlcal div151on in the

apical cell (Souéges, 1949a crété, 1957; Sachar and Ram, 1958)

Continued divisions in the embryo of Papaver nudicaule result in
a multicellular suspensor and a globular embryo proper witn(distinct
regions designated as contributors to various organs of the mature em-
bryo v(F:'Lg. 31). The outermost layer of the young embryo will eventually
form the protodern. The upper region of the inner cells contributes to

P

the epicotyl while the lower region of the %ﬁner cells contributes to ™

-

the hypocotyl.. Mitotic derivatives of the terminal cell of the suspensor,
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the hypophysis, are incorporated into the embryoﬁéc root tip (Maheshwari,
21950). This goneral developmental scheme for the future organization

of the mature embfyo is similar to that‘described for P, Eﬁéﬁéi'
(Souéées, 1926, 1928). Suspensor vacuolation increases from the hypo-
physis to the basal cell.

Late globular embryo -- Nine days after in vitro pollinationj a
large globular embryo is formed (Fig. 33). The incipient protoderm,
cells of the inner region, and derivatives of the hypophySis exhibit
similar cytoplasmic staining characteristics and starch, The entire
embryo proper stains more intensely than the highly vacuolate suspensor
which also contains starch.

Changes in the globular Papaver embryo are observed after 10 days
in culture (Fig. ). The outer tangential walls of\the entire incip-
iont orotodefm are crenulated (Fig. 35). Although the cells continue
to possess starch, cytoplaém'staining intensity is greater than the'
rest of the embryo. Many cells of the inner regions are more elongate
and their Qacuolate cytoplasm contains relatively little, if any, starch,

In comparison, derivativos of the, hypophysis do‘contain starch and
‘pPossess the'occasional vacuole, but stain less intensely. Suspensor
cytoplasm remains less dense in relation to the embryo proper, but con-

tinues to accumulate starch.

Cotyledon-initiation -- The globular embryo ofiggpaver nudicaule
kundergoes substantial cell division and elongation resulting in an
elongated embryonic axis with a flattened distal surface similar to that
Adesc;ibed for Downingia (Kaplan, 1969). Cotyledon initiation results

from localized mitotic activity that produces two primordia.

As cotyledon primordia begin to develop, an epicotyl dome is formed.



The degree of epicotyl convexity depicted in P. rhoeas by Souéges (1928)
was not observed in P. nudicaule. Differentiation of the three primary
: *

meristems and their derivatives also begins at this stage (Fig. 39).

distinctive uniseriate protoderm is maintained by anticlinal divisions

in contrast~%% the nonvacuolate cortical ground meristem of the hypocotyl.

Incipient procembial cells are elongate showing varying degrees of vacuo-
lation. The longitudlnal axis of the provascular cylinder is dellmlted
by the future shoot and root aplces Cells’ in the region of the shoot
apex appear larger, less dense, and mofe_vacuolate in contrast to the
surreunding tissue. The more distince_root apex becomes organized
into well defined tiers. The overall morphelogy of‘the/ehbryo at‘this
stage is comparable with the descriptien of P. rhoeas (Séuéges, 1928).

- Aggregation of the protein‘bodieslinvPapaver nudicaule appears
to be restricted to suspensor, ground meristem, and protoderm, but with
a definite concentration in the cotyledon prlmordla (Fig. 39). Coty—
ledons staln more intensely than the rest of the embryo and feature
crenulated outer tangential walls (Fig. 41 42) Crenulations ‘are main-
tained as development contlnues, but become restricted to the coty—
ledon tips during later stages of embryo dlfferentlatlon (Fig &3 50)
The bulk of each cotyledon is made up of ground tlssue As the cotyle-
dons elongate, the ground tiesue is highly vacuolate; &owever, tee‘
greund tissue becomes increasiﬁgly less vacuolate as eotyledons meture
~and exhibit increased protein, carbohydrate, and 1ipid content. Dif-
ferentiation of the procambium frbmlthe main provascular core into'the
cotyledons,ef P. nu&icauleAis acropetal ‘as has been ebserved in other

anglosperms (Cutter, 1971; Esau, 1977).
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Eplcotyl -- As the cotyledons elongate the epicotyl of Papaver
nudlcaule is characterlzed by the presence of 2-4 cells whlch are larger

and stain less intensely than surrounding cells Large cells centrally

located in the epicotyl dome of P. rhoeas were 1dent1f1ed as stem cortlcal )

initials by Soueges (1928) - As development contlnues in P. nudicaule,
- the central zone of the dome increases in cell number and becomes more
discernible/i?@ﬁrother epicotyl cells and the subtending procambiunm
(Fig. 41,44). These randomly arranged large apical cells contain starch
and are highly vacuolate appearlng to be relatively undlfferentlated
In the mature embryo, the apex is organlzed into two reglons The first
region conSISts of 1 to 2 dlstlnct outer cell layers subtended by the
second region which is a central zone of randomly arranged cells (Fig
L7). Large, vacuolate cells with large nuclei are 1dent1f1able in both
shoot apical zones. ‘Organization of the shoot apex in mature embryos
of P, somnlferum (Ber51llon 1955) is similar to the arrangement in the
IB. nudlcaule embryonlc shoot apex.

The vegetative apex of g.‘somniferum has been interpreted in terms
of Buvat's (1952)'ﬁwaiting meristem" theory ln which a region of
- quiescent cells becomes mitotically active only during the transition
.to a reproductive apen. Bersillon (1955) also maintained that all zones
‘characterlzed in the adult vegetative apex by this theory could be
recognized in the embryonlc apex. For morphological comparison I
suggest that the vegetative apex of Papaver somniferum can be described 4
as consisting of a tunlca'and a corpus and that the embryonic apex
would reflect that organization. The tunica-corpusklheory proposed
by Schmidt (192h)estates that the tunica is represented as the outermost‘

t
i

layer or layers whose primary plane of cell division is anticlinal. The

31



corpus central cell mass is directlyvbeneathhthe tunica. Both the tunica
and corpus are presumed to pPossess thelr own Initials Whlch are, larger
have larger nuclel, are more vacuolate, and stain less intensely when
compared to other cells in the tunlca and corpus (Fahn, 1974; Esau, 1977)
Tunica corpus organlzatlon has also been descrlbed in shoot aplces of

other mature angiospérm embryos. Milleér and Wetmore (1%45) described

the embryonic shoot‘apex of Phlox drummondii as composed of a single

tunica layer subtended by the corpus. In Carrya elliptica embryos, there’

1s a single tunica layer, but in some preparations Reeve (1948) found
that the embryonic tunica showed variation and could be composed of more
than one layer. The embryonic apex of Plsum satlvum was found to exhlblt

two very distinct_tunlca layers (Reeve, 19U8).- In Papaver nudicaule the

two outer layers of the embryonlc shoot apex may also represent the im-
mature tunlca and the underlylng central zone the 1mmature corpus.‘
Hypocotyl -- As previously noted, the»future root apex is already
organized into tiers at the time of cotyledon initiation;(Fig. 39). As
- the embryonic axis elongates, these meristematic tiers and'their deriva-
tives become even more disoernible from one anotner (Fig. 45) and upfon
embryo maturation there are three distinct layers (Fig. 46,48). On the
basis of morphology alone, one may employ Hanstein's (1868) histogen
terminology for describing the maturefembryonic root apex of'Papaver
nudicaule. Each histogen, the plerome, periblem, and dermatogen, pre-
sumably represents a group .of initials for the three primary embryonlc
meristems. ' v

The plerome gives rise to the prooambium which will differentiate
’ &

~into the primary vascular tissue of the new sporophyte Procambial cells

form a. continuous cylinder in the embryo extending into the cotyledons

\
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(Fig. ui,5o).‘ At maturity, procambial cells are elongate, densely
: ‘cytoplasmic,containing large nuclei, and occasionally contain small

y - _ ,

protein oodies (Fig. 47). The periblenm gives rise'to the cortical
igroundvmeristem. Cells of the ground meristem region are characterized
at maturity by their vacuolate appearance accompanied by stores of
cafbohydrates and-proteins (Fig. LE,47), The dermatogen gives rise to
the root cap as well as the protoderm which’ eventually forms the epi-
dermis. Cells of the uniseriate protoderm are densely cytoplasmic and
at maturity are packed with protein and carbohydrate stores (Fig. L6 4?)
Cells of the root cap also contain protein and carbohydrate in a dense
cytoplasmic matrix (Fig Le, h8) - Possession of a separate morphological
histogen for the cortex and a common histogen for the protoderm and root

cap corresponds to the type of root apex organization found most frequent—

ly in dicotyledons (Popham 1966) In Papaver nudicaule, histological

: characteristlcs of the three primary meristems and their derivatives

are in accord with observations of angiosperm embryos in general (Cutter,
: 1971 Steeves and Sussex 1972 Esau, 1977). -

As the tlssues of the embryo differentiate, degeneration of the

suspensor takes place resulting in the complete detachment of the embryo

Just before the embryo reaches maturity (Fig. 46) Suspensors may serve -

as a source of growth regulators for the developing embryo proper, es-
pecially in plants which have elaborate suspensors such as Phaseolus
coccineus (Alpi et al., 1975; Cionini et al., 1976; Lorenzi et al., 1978).
The notion that the suspensor of Phaseolus produces substances needed by
the embryo during development is substantiated by déVelOpmental'and

. ,

e_ultrastruCtural features (Yeung_and Clutter, 1979). To suggest that the -

suspensor oflgapaver nudicaule has a similar function remains speculation.
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‘Endosperm development

Endosperm deyelopment'in Papaver nudicaule conforms to the nuclear
type in which a series of free nuclear divisions of the primary endo-
sperm nucleus is followed by cellularlzatlon (Maheshwarl, 1950) v+ The
:prlmary endosperm nucleus resides in the chalazal portion of the central
cell where, soon after fertilization, endosperm nucle1 and a55001ated
'cytoplasm first accumulate as a result of subsequent free nuclear
lelsions (Fig; lé?.l Continued synchronous free nuclearvdiyisions
result in coenocytic endosperm that resides in the periphery of the
central cell about the time 3 two- celled proembryo has been establlshed '
(Fig. 18 ,20). Vuclear endosperm development is 1n1t1ally 1n the

-chalaza and contlnues toward the micropyle as in other members of the

Papaveraceae such as Argemone’ mex1cana (Sachar 1955) and Dendromecon

rigida (Berg, 1967); ESChscholziavcalifornica is an exception duefto the

position of the primary endosperm nucleus near the mlcropyle and free
nuclear endosperm development toward the chalaza along the perlphery
of the central cell :(Sachar and Ran, 1958, Negi, 1974) Stages of the

free nuclear mitotic process in Papaver nudicaule were observed in at

least two ovules each containing a two- celled proembryo. A cell plate

. forms in a85001ation with the spindle apparatus during late anaphase and
: pers1sts at least until after the‘ZMO new sister nuclei are formed (Flg.
19). There is no evidence that a complete wall is formed. .The possi-
billty that cell plates formed during free nuclear endosperm lelSions~
- represent a mitotic residue (phragmoplast) that eventually breaks down
has been suggested (Coulter and Chamberlain, 1912;~Schﬁrhoff, 1926).

Free nuclear endosperm cell plates may result in walls that initially
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‘Compartmentallze endosperm ‘nuclei into groups before maJor cellulari-

| zation takes place Buell (1952a) reported that im Dianthus chinensis
free nuclear endosperm the first cell walls are established by cell
Plates associated with telophase spindles dividing the free nuclei 1nto
groups of three or four prior to wall formation w1thout mitotic Splndles.
The fate of Papaver nudicaule free nuclear endosperm cell plates remains

unclear.

along the periphery of the central cell toward the chalaaa. vThis direc-
tional pattern of cellularization is common in the Papaveraceae (Sachar

' 1955, Sachar and Ram 1958; Berg, 1967) Cellularization is accomplished -A‘ E
by the formation of freely grow1ng cell walls arising from the central - “
cell wall in a wavy or crooked pattern (Fig 25) The cellularization

'of P. nudicaule endosperm appears similar to cellularization processes
described in Helianthus EEEEE§ (Newcomb l973b) Stellaria medla (Vewcomb

and Fowke, 1973), Triticun aestivum (Morrison ang O Brien, 1976), and o

Haemanthus katherinae (Newcomb 1978) Unlike Tritieun. endosperm

, (Morrison and 0" Brien, 1976), fluorescence microscopy failed to indi-
cate a callose -1like Component to the developing walls of P, nudicaule
endosperm when treated with aniline blue. Subsequent cellularization |
1s accomplished by mitoses accompanied by cell plate formation '
'until the entire central cell is filled with cellular endosperm sinilar

to Haemanthus katherinae (Newcomb 1978).

Early cellular endosperm of Papaver nudicaule is highly vacuolate,

has large nuclei and thin PAS positive staining walls (Fig. 28). The



cytoplasm’adjacent to’the nuclei-containSIStarch and a few smaller

protein bodies.g Stalnlng w1th Sudan black B 1ndlcates the beglnnlng of

’ lipid accumulatlon throughout the cytoplasmlc matrlx ’ There appears

to be a gradlent of . maturatlon resultlng in more mature endosperm nearest

the embryo and‘progress1vely less mature endosperm toward the chalaza
jMaturatlon 1nvolves the formatlon of large proteln bodies within the
vacuoles, 1ncreased llpld content and an 1ncrease in wall thickness
vd(Flg 29 30) Mature endosperm is, therefore, characterlzed by large
'nuclel the lack of vacuoles; and numerous large proteln bodles in a
_cytoplasmlc‘matrlx composed largely of llpld (Flg 36) nndosperm.in?

_dmembers of the Papaveraceae is- known to contaln a hlgh percentage of

both llpld and protein bodles (Roder 1958 Bewley and Black, 1978)
Sachar and Ram (1958) reported that starch gralns were a common compo-

nent’ of Eschsch0121a calltornlca endosperm, but a survey of endosperm ‘

throughout the Papaveraceaé including Eschscholzia by Roder (1958)

and:more recently by Berg (1967) indicates that,starch is not present.

Endospern protoplastsvof Papaver nudicaule are also devoid of carbo-

hydrate stores, but the thick PAS positive staining walls probably pro-
vide an accessible‘carbohydrate'source' Endosperm hemicellulosic wall
materlal has been reported. to serve as reserve carbohydrate materlal

for embryos of Phytelephas macrocarpa, Phoenix dactylifera, and Coffea

arabica (Raghavar, 1976; Bewley'and Black, 1978).

. .

. Endosperm degradation

: Endosperm‘breakdown presumably provides the needed materials for

"further growth and development of the embryo (Raghavan, 1976) Degrada—

‘tion begins in the endosperm immediately ad jacent to the apex of the early
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globular embryo as ‘evidenced by the deterioratlon of the endosperm cell

wall and 'subsequent .protoplast disorganization (Fig. 31,32). Degrada-

tion continues to spread involving the endosperm adjacent to and surround-

ing the entire embryo (Fig. 33) At the tine globular embryo protodermal
crenulations appear, there is a network of empty cells characterized by
their loose arrangement of wall material and conspicuous absence of
protoplasts (Fig. 3&,35).2 Contlnued growih and elongation of the embryo

toward the chalaza is preceeded by a gradient of endosperm degradation

7
—

w1th the embryo as the focus. Deterioration begins with the cell walls
which appear to thicken presumably representing a loosening of the wall
matééial (Fig 37). Continued wall loosening reveals a middle lamellar
region between ad jacent cells and the eventual exposure of large fibrils
extending fron both.sides of the niddle lamellar region (Fig. 38).
Fibril appearance begins in theucorners and continues to spread along
the entire length of the thickened wall (Fig 38). ' At the embryo—endo-
sperm interface; the endosperm wall haS’been reduced to a network of :‘
" loosely arranged fibrillar material (Fig. 35,38). Once.a ‘certain degree
of wall loosening has occurred, the lipid filled cytoplasmic matrix ap—
"pears to undergo digestion leav1ng the large protein bodies The lipid
is presumably¥ised as a. high energy source for further development
(Bewley and Black, 1978) and the protein bodies may either be utilized
‘immediately or ‘are broken down and translocated into the developing
" cotyledons as stores oi structural proteins, concentrations of preformed
4enzymes, or both (Matile, 1976).

The embryo has been implicated as the source of digestive enzymes

leading to endosperm breakdown during germination of Lactuca sativa L.

. seeds (Ikuma and Thimann, 1963). A structural study of endosperm‘
! - v .

-~
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v Lactuca sativa revealed\that degradation starts w1thin

,Sat the plasmalemma’and works outward affectlng the walls

fyThis observatlon and the fact that each cell is equipped for

5 f:n synthesis led Jones (1974) +to propose that breakdown resulted
';endosperm enzyme act1v1ty u51ng either preformed enzymes or those
}thesrzed de novo. Halmer et al. (19?5) have demonstrated that

?tuca satrza endosperm wall polysaccharlde contalns a large percentage
ﬁgannan as compared with a very low manhnan content in embryo walls
?-nce that mannanases are 1nvolved in *he breakdown of endosperm wali -
to iwlvply needed polysaccharldes to the developlng embryo comes from

local%zed mannanase act1v1ty within the endosperm of L. sativa durlng

gerlf jon (Halmer et al., 1975) The endosperm 1s presumably the
tor the mannanases, although some low level mannanase act1v1ty
was detected in the embryo which may 1mp11cate the embryo as the origin

of the enzyme or may represent contamlnatlon (Halmer et al., 1976) In -

Papaver nudlcaule there is morphologlcal evidence for a gradient of

endosperm degradation with the. embryo as the focal p01nt ThlS obser-
‘vatlon in addition to the appé{\nt initiation of breakdown beglnnlng at

the embryo-~endosperm interface suggests the embryo as the origin of a
factor or factors whlch initiates cell wall loosening and subsequent de—v‘~
generation. The protodermal crenulations that appear at the late glo-
bular stage and persrst at the tips of the cotyledons throughout develop-
ment may also indicate an embryonic influence. The wall crenulations

may reflect a wall modification that increases the secretory and/or
absorptive surface area. Masand and Kapil (1966) reported that other .

workers have felt that embryo protoderm especially in cotyledonsh 18



involved in endosperm digestion, but the exact relationship has not

been determined.

/

Synergids
Shortly after fertilization, the remains of the degenerate synergid

appear dense and darkly stained at the time the perSistent synergid
tegins to show Signs of degradation (Fig 12) The large chalazal
vacuole of the pers1stent synergid collapses caus1ng the chalazal
boundary of the synergid to become convoluted (Fig. 13) The large nu—.‘
- cleus degenerates as the outer perimeter of the filiform apparatus be-

comes amorphous in appearance -and stains more intensely with PAS (Fig.

13, lh)  Earlier reports of post fertilization events in the Papaveraceae

_suggested that both synergids break down before the onset of embryogenesis

(Sachar 1955; Sachar and Ram 1958) In Dendromecon rigida however,
Berg (196?) stated that the persistent synergid degenerated slouly
' throughout the early stages of endosperm formation. ‘The persistent syn-

- ergid in Eschscholz1a californica is reported to begin to degenerdte a

few hours after fertilization as evidenced by the disruption of the

tonoplast nucleus, and the general deterioration of the cytoplasm (Negi,.

1974), A portion of the degenerating per51stent synergid in Papaver
.nudicaule exists during early embryogenesis (Fig. 18,27), but is no longer
visible during the early globular embryo stage when the cellular endo-
sperm becomes mature.

M In some genera the persistent synergid remains intact presumably
to nourish the embryo in cases where endosperm formation is retarded

(Maheshwari 1948). In genera such as Ammobium and Cotula the per51stent

synergids may enlarge or eventually form haustoria to facilitate .y BN

€3
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‘translocation of nutrients into the post—fertilization megagametophyte

(Davis, 1961 1962). The persistent synergid in Helianthus annuus was.

found to degenerate very slowly and malntain ultfastructural features
”necessary for a-high metabolic and synthetic capabllity. These obseruj
vations led Newcomb (1973b) to suggest that the persistent synergid
’may be involved in the translocatlon of metabolltes to the developlng

embryo and; endosperm. The morphological ev1dence in Papaver nudlcaule

.and other members of the Papaveraceae indicate that the pers1stent

synergid after fertilization is no longer metabolically actlve and,
';therefore, unlikely to play any maJor role in the nutrltion of the_
developing seed. It 1s possible, however, that metabolites and ‘break
down materials from the degradatlon of per51stent synergld are utillzed .

‘during embryo and/or endosperm development : . S B

Antipodals

i

'Following fertilizationland during free nuclear divisions of’tne
endosperm the three antlpodals continue to enlarge w1thin the mega— |
~gametophyte.« Antipodals continue tb b& characterlzed by a polarity ex-
pressed by large micropylar vacuoles, large cH?lazal nuclei but chalazal
- wall ingrowths are more extensive (Fig. 15). Theséagarge cells per31st

0,

throughout the very early stages of Papaver nudicaule embryogenes1s

(Fig. 21) Shaw (1904) observed that in the Papaveraceae the antipodals .

of Eschscholzia, Sanguinaria, and Chelidomium-persisted duringgvarious

-stages of endosperm formation. A survey of antipodal morphology in the

Papaverales conducted by Huss (1906) revealed other genera such as

' Corydalis Fumaria, Dicentra/ and Papaver also have" large antipodals which

persist up to certain stages of seed development These early reports lib-
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led Schiirhoff (1926) to conclude that-antipodal enlargement and per—
sistence are characteristic for the Papaveraceae, a conclusion sup-

ported by more recent studies (Sachar, 1955; Sachar and Ram, 1958; Berg,

1967; Negi, 1974). 1In Argemone mexicana, the antipodals enlarge and

maintain their morphology up to the time a heart-shaped embryo has been

" established (Sachar, 1955). Sachar and Ram (1958) reported that the

aantipodals of Eschscholzia californica enlarged and after fertilization,

femained intact until cellularization of the endosperm. In post-fer-

' tlllzatlon ovules of Dendromecon rigida, the,antlpodals proliferate un-

tll their. number reachgs approximately 30- 50 cells all of Wthh persist
untll cellular endosperm has filled the central cell (Berg,}l967). More

récently,,the post-fertilization antipodals of Eschscholzia californica

‘Wereéshown {o retain ultrastructural features associated with meta-

boliéally active cells such as high concentrations of mitochondria and

numefous dictyosomes until their degeneration_which coincides with endo-

perm cellularlzatlon (Negi, 1974) Negi (1974) also observed pre- -

sumed dlctyosome vesicles coalescing w1th numerous smaller vacuoles to

I

form tbe large micropylar vacuole. Durlng antipodal breakdown, the thin

micropylar,wall ruptures releasing the vacuolar contents into the central

" cell. These observations led Negl (1974) to suggest that antipodal

vacuolar contents contribute t6 the initlation and development of endo-

sperm cell walls In-Papaver nudicaule, degeneration of the antipodals
4

7

-also occurs about the time endosperm cellularization takes place and is

,accompanied by breakdown of the chalazal wall ingrowths,. deterioration

v

of the 1arge ruclei, and the loss of the micropylar vacuole presumably

as a result of micropylar wall breakdown giving the cells an overall
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flattened appearance (Fig. 24). About the time a globular ocfet embryo -

has formed, the antipodals have completely disappeared.

Nucellus

The post-fertilization micropylar nucellus of Papaver nudicaule
' * i

remains unchanged retaining large nuclei, vacuolate cytoplésm, and starch,
except for remnan£s of the pbllen tube (Fig; 12,13). This pad of
nucellus remains intact until the embryo proper begins to differen-

tiate from the proembryo, The nucellar cytoplasm becomes disorganized

as the cells are‘compressed which results in the eventual break down of
the micropylar nucellus as the embryo becomeé globular. A persistent
nucellar pad Was reported in other genera of the Papaveraceae such as

Argemone and Eschscholzia (Sachar, 1955; Sachar and Ram, 1958), but the

situation in Papaver nudicaulse is again similar to Dendromecon in that

the micropylar nucellus is eventually destroyed (Berg, 1967).

The periphe;al nucellus consists of a single layer of iarge, highly
vacuoléte cells containing starch. These cells also undergo cytoplasmic
disorganization and wall compression as the cellularization of the endo-
spérm.takes piace (Fig. 25).3 About the time the endosperm is complétely ‘
cellular, the peripheral nucellus appearé disorganized (Fig. 28). The
expanded central cell eventually replaces the peripheral nucellus (Fig.‘

29). Observations in.Papaver nudicaule conflict with the report by Berg

(1967) that the persistence of a layer of peripheral nucellus until the
seed reaches matﬁrity is chafacteriéfic in the Papaveraceae.,

The nucellus in the post-fertilization chalaza remains segregated
into a region of degrading cells ahd a region bf %ntact ceils. The nu-

cellus in the area of the hypostase continues to show a gradient of
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degradation with breakdown more pronounced neér the antipodals. Cyto-
plasm of the crushed cells at the antipodal-nucellus inferface stains
intensely for protein and exhibits substantial céncentrations of starch
(Fig. 15). The remaining‘cells within the degenerating zone appeaf en-
larged and show various stages of cytoplasmic deterioration (Fig. 16). -
Post-fertilization expansion of the central cell continues during early
endosperm development resulting in thé‘gradual encroachment upon the
degenerating chalazal nucellus and hypostase (Fig. 22). The deteriora-
tion of hypostase‘cells involves the disorganizatiéA 6f the protoplast
followed by an increase in PAS positive staining material_within the
lumina presumably as a result of wall breakdown. During endosperm
Qellularizaiion and antipodal deterioration, the expanding central cell
replaces‘the degenerated nucellus and forms an interface with the region
of intact nucellar cells, destroying,thé hypostase‘in the process (Fig.
24). During the later stages of seed maturation, the intact nucellus
eventually becomes restricted to a smalllregion in the chalaza near the

funiculus.
Seed coat

Inner integument -- The first indication that post-fertilization

changes in the integuments of Papaver nudicaule are underway is the

appearance of an osmiophilic material that stains lightly with PAS in -
the vacuoles of the inner epidermis *(Fig. 25,28). Accumulation of osmio-
—philic substances begins in the cells nearest the micropyle and gradually
spreads toward the chalaza, continuing until the cell lumina are filled
(Fig. 29). Similar osmiophilic substances have been observed in cells

of developing tendril adhesive discs (Endress and Thomson, 1976) and
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in the early differentiation of cotton ovule fibers where the sub-
stance also stained positively with PAS (Ramsey and Berlin, 1976).
"~ On the basis of histochemical testing, the authors of both reports
suggested that the osmiophilic material is COmposed primarlly of
phenollc compounds. Upon P. nudicaule seed coat naturationfethe inner
epidermis consists of empty lumina and thick radial walls that even-
tually become undulated from compression (Fig. 40,49). Corrier (1976l
refers to these cells as "tracheidal" beoause‘some of the phenolic
snbstancesvare incorporated into the cell walls and may influence water
permeability and germination (Werker gilél., 1979). Protoplasts of
the mesophyll layer dlslntegrate resultlng in empty, thln walled cells.
This layer collapses and is often difficult to 1dentify in contrast
to the cells of the outer epidermis that elongate as wall thlckening
~occurs. In the mature seed coat this layer is comprised of longitu-
dinal fibers (Fig. 40 49) |
Outer 1ntegument -~ The cells of . the inner epidermis become com-
pressed resultlng in the condensation of the cytoplasm (Fig. 28,29).
About the time of cotyledon initiatron, protoplast disruption occurs
and the thin walled cells are crushed as the seed coat matures (Fig.
Lo 49) The protoplasts of the large cells of the outer epidermis
also deterlorate as the outer tangential walls thicken and become \
concave (Fig. 49) This‘layer of cells compriseg the nain mechanical
layer which classifies the Papaver seed coat as exotestal (Corner 1976).
Post- fertilization changes in both integuments of Pagaver nudicaule
are s1milar to those reported earlier for other memoers of .the genus

Papaver (Meunier, 1891; Roder, 1958). Although structural differences
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exist between genera, éeed coat characteristics of P. nudicaule are

typical for the Papaveraceae (Corner, 1976).

Development without placental attachment

Internal ovular development in Papaver nudicaule is arrested when
fertilized ovules are removed ffom their placentae at 4 énd 6 days after
in vitro poilination and sown on fresh medium. in 4 day old seeds,
both endosperm céllulariéation and embryo differentiation cease. 1In
6 day old seeds, further development fails even though the eﬁdosperm
is. cellular and there is a small. globular embryo.‘ In contrast, seeds
removed from their placentaeh8; 15, and 22 déys after pollination in
- vitro continue to develop internally with mést seeds reachiﬁg maturity.
The presence of mature endosperm appears to be the single mést import%nt

\

mdrphological criterion for continuation of internal development in: \

\

ovules detached from their placentae., Eight days after pollination, \

seeds contain globular embryos and exhibit the first morphological evif \
dence for mature endosperm degradation (Fig. jl); These results from \\\
P. nudicaule do not agree with repérts of in vitro seed development to | \
maturity'invovuies of P, somniferum_detached from their placentae and
containing either zygotes.ér two-celled proembryos (Maheéh;ari, 1958).
Subsequent studies by Maheshwari and Lal (1961) indicat;d that even

though ea:ly'stages of the post-fertilizatioﬁ ovule cou;d be cultured

. to maﬁurity on a‘hutrient ﬁedium without exégenous hormones and without
placental ‘attachment, development in vitro appeared slower than in vivo.

Maheshwari and Lal,(l961) decided to test the effects various additives

to the medium would have on embryds from cultured ovules without placentae.
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Casein hydrolysate added' to the medium promoted both embryo growth and
differentiation. Yeast extract added to the medium promoted embryo

differentiation, but embryos were small. The addition of certain

" cytokinins to the medium was reported to promote embryo differentiation,"

but inhibit embryo elongation. Gibberellic acid disrupted the elonga-

“tion and dlfferentiation of cotyledons only, in contrast to the overall

inhibition of embryo development when the medium was'snpplemented with
auxin, Pontovich and Sveshnikova (19653 repeated the earlier Papaver
somniferumlexperiments of Maheshwari (1958),‘but were unable to obtain
continued development in.ovules removed from placentae at either the
zZygote or two;celled proembryo stage. The data from P, nudicaule sub—
~stantiate the conclusion of Pontov1ch and Sveshnikova (1966) that the |
early stages of post—fertlllzatlon ovule development in vitro are de-

pendent on the placenta.

i
\

Post—fertilization Ovule In Vivo

Early seed development -- Ovules examined 4 days after hand '
poll;nation in vivo reveal a two-celled proembryo in the micropylar
end of the megagametophyte (Fig. 51). The apical cell is smaller than
the basal cell, although the nuclei appear to be the same size. The
cytoplasm\of each cell is vacuolate and contains starch. The large
central cell vacuole restricts the free nuclear endosperm to the perl—
phery. The three large chalazal antipodals feature highly developed
~ chalazal wall ingrowths and large nuclei (Fig. 52) The micropylar

nucellus is. composed of small cells that contain starch in dense cyto-

plasm in contrast to the larger, more vaguolate peripheral nucellus.

o
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The nucellus in the chalazal énd'of the ovule reveals a region of intact
nucellus and a region ‘of nucellar degradation 1ncluding a hypostase.
Numerous PAS positive carbohydrate containing bodies accumulate in the
vacuolate zone of‘nucellar breakdown at the nucellus—megagametophyte
interface near the antipodal chalazal wall ingrowths (Fig. 5é) Car-
bohydrate accumulation néar the antipodals may be required for endo-
sperm cellularization. Osmiophilic substances also begin to accumulate
in the tonoplast periphery of the %nner epidermis of the inner inte-
gument at this stage (Pig. 51). Morphological changes in the integu—‘
ments are initiated near the micropyle, but eventually spread along
‘the entire length of the integuments toward the chalaza.

Examination of seeds 9 to 10 days following hand pollination in . }
VlVO reveal a small globular embryo accompanied by a multicellular M |
suspensor embedded in mature cellular endosperm (Flg. 53). The cells/of
the embryo proper stain mare intensely than the suspensor and the cyto— |
plasm of both structures contains starch. The enlarged central cell is
"now completely filled with cellular endosperm acoompanied by the destruc—
:tion of the antipodals.. Endospern cells have PAS positive staining walls, ‘
- lipid filleq cytoplasm numerous large protein bodies, and large nuclei.
During this stage of seed development a symmetrical pattern of endo-
sperm degradation with the embryo at the center occurs. Most of the'nu-
cellus has been crushed by the expanding central cell. Seed coat dif;p;p,‘,ll
‘-ferentiation is also well underway in both integuments.~

Twelve days after in vivo pollination, ma jor changes in internal .A
vseed morphology can be Seen in the'embryo."The cells of the incipient

Protoderm are as dense but contain more starch than the cells comprising

~ the subdermal tissue of the embryo proper (Fig. 54). The outer tangential
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walls of' the in01pien§£protoderm are crenulated and form an inter-
dlgitation kith/téi network of adJacent endosperm cell walls. The
mitotic derivatives of the hypophysis are now distinct and possess
staining characteristics 51milar to the suspensor., The multicellular
suspensor.stalns'less intensely than the embryo proper and also contains
starchn . |

Embryo elongation -and the differentiation of the three primary
| meristems and their derivatlves becomes apparent after two weeks of
ovular development in- v1vo (Fig 55) Procambium will differentiate

‘from the densely cytoplasmic, elongated innermost cells of the embryo

that contain very little starch., The larger cells of the cortical h

‘, ground meristem that surrounds the presumptive procamblal ‘core contain

numerous starch granules. The outer tangential walls of the unlseriate
fpresumptive protodern remain crenulated and the densely cytoplasmic’
cells. also possess numerous starch granules. ’ |

Endosperm degradation continues as embryo growth and dlfferentia—il
tion proceed. The gradient of degradation illustrates the pattern iv@r
‘followed by 1ndividual endosperm cells as . they are broken down (Fig 56)
: The relatively thin PAS positive staining walls appear to thicken which i
may actually represent a loosening of the wall material Further "f*:’t ;
loosening of the wall material reveals a middle lamellar region and '
 the eventual" appearance of 1arge fibrils that extend from the middle :
lamellar regions between endosperm cells. The final stages of wall
loosening start in the corners and Spread along the entire length of

the " wall resulting in a network of fibrillar material Deterioration of-

the 1ipid filled cytoplasm begins at various times during the wall
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loosenlng process._ Endosperm cells" lose their cytoplasmic matrlx first
followed by the eventual breakdown of the large protein bodies

' Mature seed structure -~ Internal examination of seeds collected
from mature capsules reveals a complete embr;%. Organization of the
epiCotyl dome is characterized by ‘a random arrangement of large cells
that contain large nuclei but stain less intensely than the neighboring
_tissue (Fig. 57) These embryonic apical cells it the morphological
criteria attributed to ”1n1tials" (Fahn 1974 Esau, 1977) There is
no clear differentiation between an incipient tunica and corpus as de-'
‘.fined by Schmidt (192&) The embryonic root apex, in contrast, is or-
ganized into three distinct tiers (Fig~ 58) The component cells of each
‘tier appear to stain less 1ntensely than surrounding tissue and have
large nuclei, Each tier is'also as5001ated with one of the three primary
‘meristems and their derivatives. According to Hanstein (1868), each
tier represents one of three histogens, the plerome, the periblem, and
the dermatogen. The plerome gives rise to the procambium region the ‘
Periblem gives rise to the cortical ground meristem, and the dermatogen
glves rise to both the protoderm and the root cap.

Incipient procambial cells are elongated parallel with the direc- -

'tionvof embryo elongation and have dense cytoplasm‘ The cortical ground
meristem and its derivatives have large nuclei and a cytoplasm less
- dense than the procambium. Cells of the cortical ground tissue are '
filled with carbohydrates; proteins, and lipids. ‘The cells of the uni-
seriate protoderm are also filled with carbohydrates, proteins, and
lipids, but stain more intensely than the cortical ground tissue. The
root cap 1s poorly developed consisting of only one layer of intensely

staining cells. Cotyledon anatomy reflects the same tissue composition’



as the mainremhryonicvaxis:end differentiation of procambium pre-
sumably is acropetal as in other genera(Steeves and Sussex,.l972fag

The embryo is embedded in several layers of endosperm. An ex-
tended region of endosperm chalazal to the cotyledons shows the various
stages of degradation - The outermost layer of the seed coat-has thick
walled cells with concave outer tangential walls. This layer corresponds
to the main mechanical layer of the Papaver seed coat (Corner 1976)
The mechanical layer is subtended by a region of crushed cells The'
next intact layer of the seed coat is composed of longitudinal fibers.
orientated parallel with the longitudinal axis of the embryo. The fibers
are also subtended‘hy a region of crushed cells. The innermost layer of

the seed coat'is comprised of compressed cells with'thick radial walls.

The general morphology of the albuminous seeds of Papaver nudicaule is
characteristic of theefamily (Corner, 1976).
-

" Discussion

~ The nutritional{aspects of Pepaver nudicaule embryogenesis may be
considered in'three phases.~ The first phase is‘concerned with embryo
nutrition prior to' the onset of endospern degradation, the second phase
with the embryo—endosperm interaction, and the third Phase with embryo
nutrition at the time of germination through seedling establishment.
Evidence supporting phase. interrelationships is based on morphology and
limited ﬂistochemistry.

Th*%’entral cell and its contents provide the environment in which

‘the zygote will develop 1nto an embryo. As was previously discussed

the central cell probably serves as a nutrient reservoir. The central =



cells of some angiosperms develop transfer cell-like wall?ingrowths

- that remain intact beyond fertilization and 1nto the early stages of

embryogene51s In Pisum sativum, numerous wall progections are/distri-

buted inside the post—fertilizatiOn megagametophyte,along the periphery,

‘but more elaborate prOJections form in the chalazal reglon near the

developlng embryo (Marinos, 1970). Wall 1ngrowths in Helianthus annuus

megagame tophytes persist in the micropylar reglon near the egg apparatus
after fertilization (Newcomb and Steeves, 1971) . Wall projections are

- eventually covered over by developing’endosperm walls, but not until
embryogenesis is underway. This observatlon indlcates that the central
"cell may be active in the direct translocation of metabolites into the
megagametophyte during’early seed deve10pment (Newcomb and Steeves, l9?l
Newcomb, l973b) Negi (1974) observed wall ingrowth formation in the

micropylar region of the central cell of Eschscholzia oalifornica and

suggested the possibility of a more efficient metabolite translooatlon
into the megagametophyte during early embryogenesis as a result of the |
'wall progections. Even though the post—fertllizatlon central cell of

Papaver nudicaule does not develop wall ingrowths, it is possible that

the entire surface of the central cell wall is capable of metabolite

'absorptlon (Newcomb l973b)

Previous studies suggested the‘integuments and nucellus as the nost

likely sources for the metabolltes that accumulate in the post fertlli—s

zation megagametophyte (Marinos, 1970; Newcomb and Steeves, l97l New-

comb, l9?3b Negi, 1974). 1In Papaver nudioaule, the nucellus contains
numerous starch granules and begins to degenerate as the megagametophyte
- reaches maturity, Following fertilization, the central cell continues

to expand until maximum megagametophyte size is reached which 1s

51
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‘approximatelyﬂvhen the globular embryo appears and the endosperm is

' mature. During the process of post-fertilization expansion, the mega- .

gametophyte replaces of the;ﬂucellus except the region of intact
nucellus in the chalaza.

Prior to dest uction of the hypostase during megagametophyte ex-
pansion, the region of ‘nucellar degradation in the chalaza is filled
with starch in the vicinity of the antipodal chalazal wall 1ngrowths. A
S1ngle vascular strand terminates in the chalazal nucellus _near the
- hypostase which is in close prox1mity to the base of the antipodals.

The antipodals of P, nudicaule maintain transfer cell morphology through—
out the early stages of seed development Antipodal persistence and
structural association with ‘the hypostase suggests their 1nvolvement

in the translocatlon of metabolites 1nto the megagametophyte during
early embryogenesis. .

The second phase of embryo nutrition centers on"the 1nteractlon
: Ibetween embryo and endosperm Endosperm is con51dered to be a primary
nutrient storage tissue that is digested and utilized by the developing
embryo (Maheshwari 1950; Masand and Kapil 1966 Raghavan 1976) Mor-
;phological ev1den0e supporting the nutritive role of endosperm can be

summarized in two general observations. First the proximal relation—
ship between the localized breakdown of intact endosperm and the growth

1

and differentiation of the embryo is construed as evidence for the di-

/
Sy

and utilization of endosperm by the embryo (List andeteward

an, 1976; Bewley and Black, 1978) Second in specialized
1dqsperm does not develop, such as in the Orchidaceae, the

elop haustoria like structures that presumably draw B

P
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nourishment from- other ovarlan tissues as a substitute for endosperm

(Masand and Kapil 1966 Raghavan 19?6)

In Papaver nudicaule, endosperm cells feature PAS p051t1ve stain—

1ng walls, large protein bodies in a lipid filled cytoplasmic matrix,
~and large nuclei. Endosperm breakdown appe to begin in the cells T
ad jacent. to the young globular embryo and ajﬁthe embryo grows the pat—\ i
tern ofiendosperm degradation expands as well During the later stages . ;
| of embryogenesis, the region of endosperm chalazal to and . 1n the path

~of embryo elongation breaks down. As a- ‘result, an elongate, fully dif--
 ferentiated embryo occuples the central region of the seed prev1ously

occupied by endosperm. The observations of the developmental and struc—

tural relationship between the. embryo and endosperm in Papaver nudicaule

1mplicate,part1al, if not total, embryo dependence'on endosperm'food

" reserves.

- /1‘

The suspensors of some angiospermvembryos have been implicated

in embryo nutrition. In Capsella bursa—pastoris (Schulz and Jensen 1968b;

,Schulz and Jensen, 1969) and Stellaria media (Newcomb and Fowke, 1974),

the suspénsor basal cell develops wall ingrowths during the early stages 4
~of embryogenesis and probably functions as a transfer cell (Gunning and -
Pate, 1969; Pate and Gunning, l972) As embryogenesis continues, other
cells of the suspensor also develop wall ingrowths presumably to facil—
itate metabolite translocation into the embryo proper from the endosperm
until a heart—shaped embryo has formed (Schulz and Jensen, 1969) In:

ELpaver nudicaule, the suspensor contains carbohydrates and proteins

during the early stages of embryo development and shdws signs of deterior— o |

" ation only after cotyledon initiation. The basal cell maintains a large '

vacuole from the two-celled proembryo stage up to and including the stage ‘

4 o



when‘the 1ncip1ent protoderm of the globular embryo becomes crenulated
It is p0551ble that the suspensor-cells, espeCially the basal, may func-
- tion- nutritionally ‘during early,embryogeneS1s oi P nudicaule‘and may
-continue in this capacity untilithe transition to endosperm‘breakdown,
‘"is complete;_" ) e B

| The third phase of embryo nutrition involves the tranSition from '

f'a germinating, heterotrophic embryo to the establishment of an auto—

dtrophic seedling, In exalbuminous dicotyledonous seeds, most food

i reserves are located in the cotyledons ‘of the embryo. In contrast

v]albuminous dicotyledonous seeds provide endosperm 1n addition to the .

.':cotyledons as a food Teserve for the'embryo during germination There

l’f‘is reserve food mobilization and translocation into the embryonic axis

Cin either case (Raghavan 1976) » During mobillzation, the concentrations

::of 1nsoluble sugars, polysaccharides, soluble nitrogen proteins and l'
.7 NAs decrease in theocotyledons and increase in the embryonic axis
‘V(Raghavan, 1976 Bewley and Black 1978) Sze and Ashton (1971) suggested
that hormones originating 1n the embryonic axis are respon51ble for

3

'Sa?regulation of enzymes involved in mobillzation from the cotyledons to

"'thhe axis 1n Cucurbita maxima. More recent studies by Davies and Chapman

1(1979a b) showed that during food mobilization in Cucumis sativus the

.?embryonic axis removes the breakdown products of proteins andhlipids
‘i'from the cotyledons. DaVies and Chapman (I979a b) hypothes1zed thaﬁ
";enzymes for food mobilization are inhibited by high concentrations of food

'ﬁi“degradation end products and therefore, the embryonic axis promotes

NJ

4-*mobilization by keeping end product concentrations low. At the present

,-time there is no experimental evidence permitting speculation on the ,

execution of the last phase of embryo nutrition in Papaver nudicuale. -



Ovule! attachment to the placenta 1s required during the early stages

of seed development in Papaver nudicaulef' The placenta may pfovide'

morphogenetic factors to the post—feftilization ovule, influence

/

metabolite/ translocation into the ovule, or both (Raghavan, 1976). Buell

(1952b) reported the starch content in the placental tissues of

Dianthue Jhinesis to be at a maximum at the time of fertilization. The

& placental and funicular starch reserves. were depleted during the early

' stage's ofiembryogenesie as the starch oontent in the ovular tissues
increased; Bueii (1952v) concluded that the placenta probably provides
a reserve;source of metabolites required for early development The
starch fiﬂled placentae of P nugicaule begin to show signs of deteri-
oration ig thgg about the time endosperm oeoomes mature (Olson, unpub-
lished). One possible interpretation of this observation is that

.the P. nudicaule placentae serve as a metabolite source and/or
accumulate additional-metabolites from the growth medium for eubse-
quent translocation into the ovule. The possibiiity that placentae -
- also produce morphogenetlc factors that may be required for differentia-
tion of the early embryo and/or endosperm maturation should not be ruled

-

" The stage in Papaver nudicaule at which ovular attachment to the

piacenta is not necessary for continued‘demelopment coincides with the
completion.of endosperﬁ&g%tdmationf During this period of growth, the
globular embryo 1s associated with endosperm degradation as tissue re-
glons of the embryo proper Begin to differentiate. Sachar and Kapoor

(1959) studied embryogenesis in‘Zephyranthes ovules and recognized two

ma jor phases. The first phase 1s characterized by a series of mitotic

divisions to produce the mass of cells of the globdlar embryo. This
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. process appears to be independent of'endbsperm because embryo cell
numbers continue to increase when endosperm development is arrested.
The second phase is characterized by differentiation. of the cell mass.
The presence of‘endosperm is essential if ﬁ!&mal differentiation is to
od%ur. Sachar and Kapoor (1959) suggested the endosperm as the source
of morphogenetic factors influencing embryo differentiation. Morpho-

genetic factors in the endosperm may be endogenous seed hormones

(Raghavan, 1976), Auxins have been detected in the endosperm of a

variety of angiosperms such as Pyrus malus (Luckwill, 1948, 1953) and

Cassia fistula (Mukherjee et al., 1966). The highest levels of auxin
in the fruit of C. fistula occur midway betWeeﬂ~fertilization and fruit
ripening and high auxin levels are correlated wiﬁh endosperm cellulariza-
tioﬁ. These observations lééd Mukher jee gi al. (1966)"to coénclude that
the endospern is the auxin source in C. fistula. Gibberellin-Tike sub-
stances have also been isolated frém fhe endosperms of Echinocytis,

Lupinus, Phaseolgg, and Pharbitis (Corcoran and Phinney, 1962; Ogawa,

- 1963a,b). The mature endospe}m of Papaver nudicaule appears to have an

essentialArole in emﬁryo differentiétion implicating the endosperm as
a source of growth regulators.

Three days after pollination in vitro, a two-celled proembryo is
established in the micropylar region of the P. nudicaule megagametophyte.
This stage of embryogenesis is accompanied by free nuclear endosperm and .
three large antipodals'in the chalazal end of the megagametophyte. These
morphological features obtained in vitro are virtually identical to the
internal morphology of ovules obtained four days after hand pollination

in vivo (comparé Flg. 18,21 with 51,52). The establishment of'a'young
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globular embryo and mature endosperm 8 to 9 days post-pollination in
vitro is soon followed by endosperm degradation (Fig. 31-33). A similar
internal morphology is demonstrable in ovules developed in vivo 9- lO

\
days after hand pollination (Fig. 53) Crenulation of the 1ncipient
protoderm of globular_embryos occurs 10 days post-pollination in vitro
and between 11 and 12 days after hand pollination in vive. A similar
" sequence of morphological changes in the endospern during degradation
occurs in vitro and in X}ig and in both cases the embryo appears to be
the fpcus of phe degradation pfocess. It seens reasenable to conclude
that seed developmental morphology lg‘zipigpdoes‘not differ significantl&
from seed developmental mofphology in vivo. The major difference betﬁeen
the two systems appears to be one of timfng. Developmental stages are
achieved 1- 2 days earlier in vitro than in vivo. Kanta and Maheshwarl

(1963) reported that fertilization and the subsequent stages of seed

development in Papaver somniferum also accurs 1-2 days earlier in vitro

compared with in vivo. Fertilization presumably takes place earller in
vitro because of the elimination of the rest of the gynoecial tissue.
Pollen tubes orlglnating from pollen in direct contact with the ovules, .
‘\ would not have to travel the distance of the stigma and style and would
therefore, take less time.

The later stages of Papaver nudicaule embryogenesis‘in vitro

demonstrate a greater degree of differentlation and growth than that ob—
served in vivo. The organization of the embryonic shoot apex in seeds
produced in vitro 27 days after placental pollination i11lustrates an
immature tunica 00£pus arrangement (Fig. 47) In contrast, the organ—

ization of the embryonic shoot apex in seeds produced in vivo reflects a

random arrangement (Fig. 57). The embryonic root apex in 27 day old
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seeds produced in vitro clearly demonstrates morphological histogens amd
a well developed root cap consisting of severai layers (Fig. hé,&S).
Although the embryonic root apex in seeds developed in vivo also’reveal
histogen organization, the root.cap consists‘only of a single layer ofv
cells and is pooriy defined (Fig.'58). The seeds of P, nudiceule pro-
duced in vitro appear to contain larger, more differentiated embryos
than do seeds produced in vivo. Kanta et al, (1962) and Kanta and
Maheshwari (1963) noted an enhancement of overall development during
the later_stages pf embryogenesis in seeds of P. somniferum produced
in’xitgo'compared‘to seeds produced in vivo., One possible ekplenation
for the apparent difference betweenfggy in ziizg and in vivo systems is
the higher concentration and availability of nutrients in vitro, The
ovules would conceivably be the only nutrient "sink" and would not have
to compete withbother sporophytic tissues. It may also be that there
is a higher moisture a\iailaoility in vitro that would inhibit normal
seed desioation and, therefore, enable embryo development to reach its
full potential.

The apparent difference in the degree of érowth and differentiation
between seeds formed‘ig vitro and in vivo may have implications for the
d inition f a "mature" seed. Does "mature" imply that the seed is
germinablé\ that internal development is complete, or both? Functionally
mature seeds are capable of germination under naturel environmental
conditions. Morphologically mature seeds aohieve their full potential
for internal structural development. Stokes (1952) reported that when ;

"mature" seeds of Heracleum §phondylium become dormant, the embryo is

undifferentiated. In order to germinate the seeds must be imbibed and

kept at low temperatures for sevefal months., Endosperm food reserves
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are mobilized at low temperatures (2-5C) and the embryos of H.
sphondylium continue development until they are fully differentiated

prior to germination. In "mature" seeds of plants such as Anemone

nemorqgsa, Caltha palustris? Ficaria verna, Fraxinus nigra, and F.

excelsior, the embryos are differentiated, but are not as fully developed

- as they are just before germinetion. These seeds are not'morphologically

mature when they are shed, but after imbibition and under favorable temp-

eratures, the embryos complete their. development (Villiers -and Wareing,
1964; Raghavan, 1976 Wareing and Philips, 1978) Seeds of Papaver

" nudicaule developed in vitro achleve morphological meturity 27-28 days
after placental pollination and are capable of germinating:within 1-2
days of reaching this stage (Fig. 50). Seeds produced in vitro from
22 day old cultures are capable of germination 5—8 days beyond their

stage of development (Fig, 41).:.These data suggest that functional

:mqturity may be achieved at a developmental stege not yet morphologically

mature. The "mature" seed of P. nudicaule produced in vivo contains an
embryo.at a similar stage of morphological differentiaﬁion as an embryo

in a.seed from a 22 day old placental culture (compare Fig. Lh4,L5 with

N

57 58). These observations suggest that in nature, seeds of P nudicaule

- only develop as far as necessary to achieve functional maturlty prior
to dessication and dispersal. If this notion is eorredt it is also

probable that once a seed 1is rehydrated embryo differentiation con-

>

tinues and the embryo becomes morphological mature in preparation for -

D

germination, ‘ » " -
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ABBREVIATIONS USED IN FIGURES AND CAPTIONS

ABB  aniline blue black
An antipodals

BC basal cell

C cotyledon

cC central cell -

CP cotyledon primordium
D Sy - degenerate synergid

E embryo ,
EC epicotyl
En endospernm

FA’ filiform apparatus

Fn funiculus ‘
GM ground meristem region
HC hypocotyl

Hd hypophysis derivatives
Hy hypostase

IC immature corpus

IT immature tunica

Nu nucellus

Ov  ~ovule

P . protoderm

PAS - periodic acid-Schiff's

PG pollen grain : /&
P1 placenta ‘ 7

PP incipient protoderm
Pr procambial region
P Sy persistent synergid
PT pollen tube

" RC -root cap

' S-FG safranin-fast green

SN secondary nucleus
Su suspensor
TC termhnal cell
Z zygote
plerome ‘
i periblem )

111 dermatogen

outer epidermis of outer integunent
inner epidermis, of outer integument
outer epldermis of inner integument
mesophyll of inner integument

inner eplidermis of inner integument

nHFuwnn -



Fig. 1:
Fig. 2:
‘Flg., 3:
Fig. 4:.

Scanning electron micrograph of pre-pollination ovule. x 178,

Scanning election micrqgraph of ventral surface of pre-pollina-

.tion, detached ovule.. Arrow indicates location of{micropyle.

x 383.

Scanning-elecfron mic#ograph of ovules 15 hrs., post-pollina-
tion in vitro. Moétvpollen tﬁbe growth along ovular surface

is random. x 200. - S

Scénning electron micrograph of germinated pollen grain 6ahrs.
post¥poilination in vitro. Beaded appearahce of pollen tube is

due to callose plugs. x 1023,
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Fig. 5:

Fig. 6:
Fig. 7;
_Fig;~8:

Light micrograph of longitudinal section through bre—fertili—

zation syhergids. The section is stained with PAS-ABB.. Note

‘massive filiform apparatuses. x 813.

Light micrograph of longitudinal section throuéh egg. The
section is stained with PAS;ABB. Egg polarity same as syner-
gids. x 1148, | | |

Light micrograbh of longitudinal séction through chalazal end
of pre-fertilization ovule. The seétion is stairied with PAS-
ABB. Arrows indicate antipodal chalazal wall ingrowthsf. Arrow~-.
heads indicate interface‘between degenerdfigg and ihtac@ |
nueellus. x 462.,p5 |

Light micrograph of secondary nucleus (SN) situated in chalazal

3

. reglon’ of central cell adjacent to'antipodals.’ The section

is stained with PAS-ABB. x 768.
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Fig. 9: Scanning electron micrograph of ovule penetrated by pollen

tube 15 hrs., post-pollination in vitro. x 306.
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A&

Fig. 10:
Fig., 113
_Fig.’lépf
'Fig;.ij»

«

nght mlcrograph of longitudinal section through pre—fertili—

zation 1nteguments and nucellus.f

w1th PAS—ABB X 800

The sectlon is stained

Fluorescence mlcrograph of detaohed ovule penetrated by pollen

like wall components. X 14?

- tube 24 hrs. post—polllnation in vitro. The tissue is treated_ .

: w1th-anlllne blue Pollen tube fluorescence due to callose—

nght mlcrograph of longitudinal sectlon through degenerate

and;persistent_synerglds 26 hrs. post-pollination ln vitro.'

‘Theisection'is-stained with methylgne blue. Degenerate »

' synergid penetrated by pollen tube. x 1008.

Light micrograph ofvlongitudinal section through early zygote

~.and persistent synergid 2 days post—pollination in vitro. The

sectlon 1s stained with PAS-ABB

synergld underway. X lll6

Deterioration.of pers1stent






Fig. 14: Light micrograph of longitudinal section through micropylar
region of megagametophyte 2 days post-pollination 1§Vvi£ro.'

The section is stained with PAS-ABB. 'Note thick zygote wall.
‘ i, 7

e

X 576.
Fig. 15: Light micrograph of longitudinal section through antipodals
2 dayS’post—poliination in vitro. The section is stainéd

with PAS-ABB., Arrows indicate well developed antipodaf wall

!

ingrowths. x 655. o \\
Fig. 16 Light‘mic;ograph of longitudinal section through cé%lazal
| region of megagametophyte 2 days post-pollination ig vitro.
The section is stained with PAS-ABB, Arrows indicate first
miﬁotio derivatives of the primary endosperm duéleus; x 375,
| Fig. 17: Light miérogrdph of longifudinal sectiﬁn through zyéote. The
section is stained with PAS-ABB. Note large chalazal nucleus.

i

- x 1120,
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Fig. 18: Light micrograph of longitudinal section through two-celled
proembryo 3 days post-pollination in vitro. The section is
stained with methylene‘blue. x 1302, .

Fig. 19: Nomarski interference micrograph of free nuclear endosperm
cell plates (arrows) 3 days post-pollination in vitro.
Paraffin embedded section stained w1th S-FG. x 390.

Fig. 20: Light micrograph of free nuclear endosperm 3 days post—polllna—
tion in vitro. The section is stalned with PAS-ABB. x 425,

Fig. 2l: Light micregreph of oblique section through persistent antip-
odals 3 daye post-pollination in xiigg.A.Thé section ie
stalned with PAS-ABB. x 407. |

Fig. 22: ‘Light microgreph of longitudinai section through thick wailed
Hypostase 3 days post-pollination in vitro. The sectioﬁvis

‘stained with PAS-ABB. x 1451.

|

SN
~
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Fig.‘23:
Fig, 2U:
Fig. 25:

261

" Fig.

Light micrograph of longitudinal section through embryo 4 days
post-pollination in vitro. The section’is'stained with methyl-

enedblue. Arrow 1ndicates first vertical cell wall of a

'fllamentous proembryo cell x 1176,

Light micrograph of longltudinal section through anﬁipodals :
and hypostase by days post-pollination lﬂ~!ii£9- The section
is stalned with ?AS—AEB. Note deterioration of antipodals

and hypostase. x. 600,

Light micrograph.of free nuclear endosperm cellularization

4 days post—pollinatiod in vitro. The section 1s stalned with
methyleneAblue. Arrowheads indicate tip regions of freely
growing wails. ple 549.

Light micrograph of longltudinal section through embryo 4-5

’ days post-pollination in vitro. The section is stained with

methylene blue.. Arr0ﬁ2>}ndicate cell walls from first
and second vertical divisions of filamentous proembryo cells,

Large arrowhead indicates freely growing endosperm cell wall,

"X 1296 4



7h



Fig. 27:

Fig. 28{

Fig. 29

Fig. 30:

. ‘Fig, 3l

Light micrograph of longitudinal section through early
globular embryo 6 days post-pollination in vitro. Theusec-

tion is stained with methylene blue. ,Note large basal;cell :

'vacuole, x 1296,

-Light micrograph off longitudinal section through integuments,

nucellus, and endosperm of . seed 6 days post—pollination in .
vitro. The section is stained with PAS—ABB.' EndosPerm»is.

completely cellular. X 720

vLight micrograph of longitudina‘Asection through integuments

~h
and endosperm of seed 8 days post—pollination in vitro.ilThe ’

section is stained with methylene blue.’-Peripheral nubellusiv
is no longer identifiable.f Note osmiophilic substance in g
the inner: epidermis of the inner integument (5) X 686 :
Light micrograph of endosperm from seed 8 days‘post—pollina—

tion in vitro. The section is stained with PAS-ABB. Note -

developing large protein bodies. X 945

Iight micrograph of longitudinal section through globular,"

embryo 8 days post—pollination in vitro. The section is

stained with methylene blue. Arrowheads indicate region

where endosperm first appears to bréakdown. x 882.
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vFig.132:, Light micrograph of tangential section through endosperm adJa-

| . cent to globular embryo 8-9- days postapollination 1n vitro. |
.The section is stained with PAS-ABB. Endosperm cells nearest

A embryo show greatest degree of degradation. X 907 |

ﬁ Fig. 33i, Light micrograph of longitudinal section through globular

* embryo 9 days post—pollination in vitro. The section is stained

; w1th methylene blue. Note(smooth appearance of outer tan- *

| ' gential walls of incipient protoderm (PP), x 697

g Fig. 34; Light micrograph of longitudinal section through globular em-

,_bryo 10 days post-pollination in vitro. The section is stained

‘ With methylene blue. Note crenulated incipient protoderm,

x 587. ‘ .

~'Fig. 35: Light micrograph of embryo-endosperm interface detail 10 days

post—pollinatiodiig vitro. The section is same as in Fig. 3

andastained with methylene blue.‘ Arrowheads indicate crenula-

wtions in outer tangential walls of presumptive protoderm. X 1612.

0
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Fig. Bé:

Fig. 37:

Fig. 39!

Light micrograph of mature endosperm 10 days post—pollina—

tion in_zitrg. The section is stained with PAS—ABB Note
relatively thin cell walls. x 819, “

Light micrograph of early stages of endosperm degradat on_iO‘days
post-pollination in vitro. 'The‘section is‘stained with fAS—

ABB. Arrows indicate initial thickening of endosperm walls

presumably as a result of wall material 1oosening. X 819 \.-

Light micrograph of final stages of : endosperm degradation lO

days post-pollination in-vitro. Arrow indicates site of further

. wall loosening where fibrils appear on either side of middle

lamellar region. x 819.

Light micrograph of longitudinal section through embryo 12-13

vdays postépollination in vitrol' The section is stained with

PAS-ABB, Cotyledon initiation occurs at this stage X 480

v



<
i




"Fi}g.x._uo:

dFig. 41;

. PAS—ABB X 149

;Figu Los

Fig. 43:

Light micrograph of longitudinal section\through cotyledon 26

L

ﬁdght micrograph of longitudinal section through seed coat

.20 22 days post—pollination in vitro. The. section is stained

with»PAS—ABB Note thickened radial walls of the inner epider-

mis of the inner integument (5) x 1008.

"Light micrograph of longitudinal section through entire seed

'22 days post-pollihation in vitro. ,The section«is-stained with

‘o p

Light micrograph of longitudinal section through cotyledon 2L~ 25

days post—pollination in vitro. The se@tion 1s stained with ﬁg
x

P

methylene blue. Arrowheads indicate crenulation in cotyleddn

protoderm. X uuo. L

S

' days post—pollination in vitro. Tge section is stained with

fPAS-ABB Note smooth appearance of outer tangential surface ‘

of the cotyledon protoderm. r 386

& '; o

’V_



82

Yy 3

by




Fig.buhz Light micrograph of 1ongitudinal-section through embryonic

ishoot apex region 22 dayé pdét-pollination in vitro. The
- section is stained with PAS-ABB. Note randdm arrangemenE of‘

epicotyl cells (EC).-#HBBO. | l

Fig. 45: Iight micrograph of longi#udiqél section through eMbryonic
root apex region 22 days post—pgllination in igigg, The
section is stained with‘PAS—ABB; Tiers of root apex become
more distinct. x 380, ) -‘

Fig. 46: Ligh% micrqgraph/of longitudinalvséction‘ihroﬁgh.émbryonic
réot apex region.in mature seed produced in vitro, .The
section is stained with PASZABB. Suspénsorrdetachﬁent'has
occu?red. X 380. | h %

Fig. 47 .Light micrograph of longitudinal section through ‘embryonic
shoot apex region in mature seed prodiced in XEEEQ- The

section is stained with PAS-ABB. Immature tunica-corpus

organizétion of epicdtyl can be seen. x 380.
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Fig. 48:

Fig, 49:

Fig. 50:

. _ _— - .
Light micrograph of longitudinal section throughbmature
e . )

embryonic root apex. The section is stained with

PéS:KB?. ‘Histogen regions are cléarly diétinguishable.'g 958.
Light micrbgraph ofigqngitudiqal section through mattre seed
coat, ‘Thé section ié\stained.with PAS-ABB. Fiber formation
in outer‘epidermis.of inner integumeﬁt (3) is complete. Outer

. - - . »
epidermis of outer integument ( ) is the mechanical layer.

X iﬁQ?. 4 |

Light micrograph of longitudinal section through entire mature |
albuminous seed produced in vitro. .The section is stainéd with

methylené blue. x 194.‘ (

N

’



36

3




Fig. 5l: Light mlcrographﬂof longitudinal section through Stwo- celled pro—

\\‘
embryo L days after hand pollinatlon in vivo. The séction is
Stained with' PAS-ABB. X 987 S o

Fig. 52: nght micrograph of obllque sectlon through antlpodals 4 daye
after hand pollination lI\VlVO. The section is stalned w1th

v,

PAS-ABB. ‘Arrows indicate well developed antipodal wall 1ngrowths.
'x.q 729.'. I . |
Fig.l53: Liéht;micrograph of longitUdinal.seétion threughehicrdpflar
end of seed 9~10 days affer hand pollination in Xiig. The
section‘is>stalnéd‘with PAS-ABB. Note symnetrical pattern of
* endo perm degradation with embryo as the focus. x 400,
"Fig. 5&: .nght,$§hrograph of longltudlnal sectlon through globplar em—’
SR bryo 12 days after hand pollination in vivo The sectlon is

stained with PAS-ABB Suspensor cells stain less” 1ntensely

‘than Qells of embryo proper. x 707,






Fig,

1

- Fig.

Fig,

55:

Light micrograph of longitudinal section through embryo 1u:15

» N

fb;days after hand pollinatlon in vivo The sectlon is stalned

.. 56:

57¢

58:

with PAS—ABB Ip01p1ent protoderm is crenulated. x 427,

ﬂLight micrograph of embryo-endosperm interface detail 1u_15

days after hand pollination in vivo (same as in nig 55).

‘ The sectlon is stalned w1th PAS-ABB. Arrowheads 1ndlcate cren-

ulatlons 1n outer tangentlal walls of in01p1ent protoderm.
N\

" Endosperm degradatlon greatest near the embryo. x 1176.

Light mierograph of longitudinal sectidnhthrough embryonic

4 i

shoot apex reglon in mature seed produced in vivo. - The ‘sectign

is stalned with PAS-ABB. Note the randomly arranged cells of
the epicotyl. x 680,
Light micrograph of longitudinal section through embryonic

root apex region in mature seeéd produced in vivo. The section
. . Lin v

is Staingg with PAS-ABB. Histogen regions and their defivatives
‘ . [ - ' R - v

are discernable. x 680. /
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SUMMARY AND CONCLUSTONS

O

!

Placental . polllnatlon and subsequent fertilization 1n vitro are

relatlvefy recent phenomena (Kanta et al., 1962) © Early studies using“

)

-

the in v1tro placental polllnatlon technlque were prlmarily concerned

with achlevwrr successful fertlllzatlon and seed set in a varlety of
anglosperms and whether or not the seeds produced 1n vitro Were viable
(xanta andglaheshwarl, 1963, laheshwarl and- Xanta, l®6u) The tore recent

'studies attempted to improve the teohnlque and 1ncrease the percentage

of seed set (Balatkova and Tupy, 1972; Balatkova et al., 1977). The

present study of Papaver nudicaule‘is-the first attempt to document 7
internal morphological'aspects.of~seed development in vitro and compare
the results to selected morphologlcal stages of seed development in vivo.
There are at least two maJor concluslons that can be drawn from thg
present study of P. nudicaule. First, 1n vitro placental p@lllnatlon,
fertlllzatlon and seed development result in germlnable seeds Germina-
tlon is. deflned as radlcle emergence from the seed coat. A few of the |
seeds produced in vltro germlnated while stlll attached to the placenta
and some of these eventually established seedllngs. In most cases,
however, the Seeds had to be detached from the placenta and sown on

- fresh medlum before either germination and/or Seedllng establishment took
place. The second conclusion is that internal morphologlcal developmént -
in vitro generally compares well with development in vivo. The number

of days required to reach a particular developmental stage and the degree

¥
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of embryo differentiation at the time of seed "meturation" are the

maJor dif erences between the In~vitro and in vivo systems "Possible

interpretations of these differenges are discussed.in the previous

N -

The systematic embryology of the Papaveraceae .is inComplete
¥ | ‘

(Davis, 1966). The more recent feports on Argemone mexicana (Sachar,

3-1955); Dendromecon rigida (Berg, 1967), and Escnschelzia‘ealifornica

1.
\

(Sachar and Ran, 1958;* Negi, 1974) surveyed and characterized different

-reproductive and ‘structural “aspects of the'femily. ,The'present study

.

Various internal structural components that may be of i

is an éttempt to relate major internal morpholdgical events tb one
anether during seed Qntogeny in a nepber of the Papaveraceae. The majof”

. . [
contribution of the present study, howe%er, is the implied potential
. : . - ‘

sefulness of the Papaver nudicaule placental pollination systenm,

-

" as a research tool from the morphological 'and éxperimental data. Both

pre- and post-fertilization ovules of P. nudicaule pOSSess ndtjpnly

sperm ebbryologists} but the developmental processes an be initiated
and maintained in vitro which maV broaden the sp ctrum of interest in
such a system to include plant physi@logists and chemists as well.
The data from the present study suggest aft least six major areas '
of ovule and seed biology that may de explored further bflus1ng both 1
pre% and post—pollination placental cultures of P. nudicaule
1. Ovule nutritlon -- There is a structural relatlbnshlp '
' /
"between ‘the funicular strand the hypostase, and/t;e anti- -
podals. ‘Fine structural examination accompanleg by auto- “f
radlogrephlc eﬁperimentation may_demonétrate a physiologicel
relationship between these ovule components as well.

. . : , N

texest to anglo--

Ry
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2. Pollen tube ovule ihteraction -- Erotropic guidance if 1t

‘s

*‘exists, of pollen tubes.into the ovules is not understood
Pollinated placentae may be subJected to histochemical pro-

cedures in an attempt to localize possible ovular exudates.

3, Fertilization -- In P nudioaule, in vitro fertili-"

‘\

zation occurs between 24 and 31 hours post pollination. It
should be possible to refine the timing of megagametophyte
penetration gamete transfer, and sperm fusion with egg and
polar nuclei in order’ to examine these events with the
electron microséope.

L, Embryo nutrition -- There‘appearspto be an interdepen—f )
dent morphological relaticnship between embryo develop- ,
ment and endosperm breakdown. Theiincipient protoderm' 1«‘;
may be directly involved in endosperm degradation and/or
metabolite absorption Crenulations first develop in the
entire incipient protoderm of the globular embryop tut

are eventually restricted in later embryogenesis to the-

"tlps of the COtyledons Fine structural 1nvestigation=»

might prov1de evidence to support’ the notion that the pr-- o
toderm ﬂs the site of synthesis for endosperm- degradation
factors (Masand and Kapil, 1966) I'he morphologiéél clarity
of endosperm degradation makes P. nudicaule ideal for - -

histochemical procedures designed to localize enzyme ac-.

tivity, . | o,

5. Environméntal effeCts’bnﬂseed—ontogeny 4—’There\is evi-

dence to support the hypothesis that fertilization and seed

ontogeny are physiologically adapted to their environmental

/
A4
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‘ temperature (Balatkova,et al., 1977) " The Papaver
f: i% vitro system can be subJected to a variety of temperature :
e regimes to determine the limits and optimum temperature i .
‘.\ior the developmental process. The effects of extreme |
) | temperature on seed development may also be elucidated
" The number of variables that may influence the results of
experiments where the developing seeds are still contained
in the parental sporophyte is reduced
N ,
}6.: Seed dormancy -- Papaver seeds produced in vitro are
capable of germination shortly after achieving morphological
maturity, but usually require detachment from the placenta.
Does the placenta produce inhibitors or do tOXic metabolic
wastes_from placental deterioration interfere with the germina—
tion p)ocess'> In vitro manipulation of variables such as water
apotentlal$ and hormone levels during seed development and - |
germination may provide insight into the internal og;trols,
if any, of iypocotyl elongation and radicle emergence.
Theupractical applicatrons of placental pollination in vitro to
the hOrticultural and agricultural industries Were first cited by
Kanta et al (1962) . The sexual union of gametes that would otherwise
-be DPrevented| from quion in nature is now possible. Horticulturalists,
for example, interested in. achieving self fertilization and seed set
in a particular ornamental species that is 'self- incompatible may be
:'able to circumvent theiproblem in vitro.- Gynoecial barriers to self-
\fertilizatiji in Petunia have been ,successfully by—passed in the test—

’ \Yf"'
tube - (Rangaswa.my and Shiva.nna 1967) Development. of hybrid food

Ny

' crops between related taxa that are presently unsuccessﬁul because
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of various pollen gynoecial incompatibilities may be p0531ble in vitro.
‘Intra generic and inter gengrrc hybrldizatlons have been achieved with

in vitro placental pollination in the Caryophyllaceae (Zenkteler 1967)

‘Similar hybridizatlon experiments have been attempted in members of a

{ 4

different families with limited success but because fertilization did
1occur the results are* encouraging (Zenkteler 1970) .Further ex-
perimentation and procedural refinement is neCessary before wide— Ty
,spread use ‘of in vitro fertilization techniques ‘of this nature is s
feasible on a commercial scale. The full economic 1mpact of' placental
pollination, fertilization, and seed development in vitro has yet to

be realized. ' ~ S S a
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, APPENDIX ONE
‘Tissue tréatment schedule for plastic embedding.
~ _TREATMENT ' TIME (HRS.) T=MP. (C)

3% gl\taraldehyde in phosphate buffer (pH 6 8) 3
PO, buf fer (pH ' 6 8) .75
PO, buffer (pH 6.8) " | L | . 75
2% osmium tetroxide in phosphate buffer (pH 6. 8) 2

PO, buffer (pH 6, 8) 5

PO, buffer (pH 6.8) - l ‘_ ' ’ .5'~}“
20% ethanol . - | | 5

30% ethanol. |
L% éthanoi

50% ethanol

5
5
5
60% ethanol © | | A L .5
70% ethanol . 5
80% ethanqi 4 5
90% ethanol - \b ) . _ | .5
100% ethanol h ” . . o 0 ;iO‘
' 100% ethanol o A R
"1:1 100% ethanol to propylene oxide o 20
propylehe oxide | - o : i, o 20
propylene oxide g . . | 1 20

propylene oxide - p ) 1 20



TREATMENT

TIME (HRs, } TEMP, (c)
20% resin S R T 20
Yo% resin | - o 20
60% resin o 1 ' | 4 . 20
80% resin | _ e ‘ | ' ‘ 2k ,' >20
100% resin e | -8 ‘ '  20
'Polymefizeﬁin Beem capsules v B | 2L 60-70

Staining procedures for plastic embedded ovules.

Methylene blue (Suzuki, 1963)

-Thick sections were: |
1. Stained with 1% methylene blue in 50% ethanol with 1 ml of
5% KOH addgd to the solution at 60C,
2. Washed with sz. -

3. Dried at 60C.

.
4. Mounted in Clearmount. -

Toluidine blue (adapted from Trump et al., 1961)

Thick sections were:

we

1. Stained with 1% agq. toluidine blue in 1% aq. boraxat.60C -

, for 10 minutes.,

w

2. Washed with dHZO'

3. Dried at 60C.
L. Mounted in Clearmount. \\;ﬂ\‘

Aniline Blue Black (Fisher, 1968)

‘Thick .sections were:

106

g, .
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4

“

l Stained in 17 anillne blue black in 7% acetlc aci 't<50460C7
for 10 mlnutes - I . -

2. Washed in 7% acetlc acid

3 Drled at 6OC

~“h: Mounted in Clearmount, S ~ -

Period acid-Schiff's Reactisn (Feder and O'Brien, 1968)

- Thick. sections weres: -

.1. Treated w1th 0. 5% perlodtc acid for 30 mlnutes
2 Rinsed in runnlng H2O for 1 hour.- |
3 Treated with SChlff s reagent for 1 hour

L., Rinsed in running H20 for 1 hou247

5. Drled at 60C. , '

6. Mounted in water (for counter staining) or Clearmount.

Sudan biack B (Bronner} 1975) ' - o ,: S
~ Semithin sections (O 5um) were. ' |
1. Tréated with 70% ethanol for I- 2 inutes. B
;2 Treated w1th 0. 37 Sudan black B in 70% ethanol for 1 hour in an.
omn(ém) ?
t3 Rinsed in 7Q% ethanol for 1 minute.
| b, Rinsed in HZO ’
5. Mounted in glycerin.

Aniline blue fluorescence (adapted from Jensen, 1962)
Both thick sections and whole ovules were: '
1. Treated with 0. 005% aniline blue in 0. 15M phosphate buffer “

(pH 9, 5) for 0.5 hours.
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,2. Mounted in the aniline blhé‘Staining solution.
3. Observed using UV fluorescence on Zeiss PhotomiCrOScope I1.°

Excitation filters I and IV (300-500nm) and barrier filter 47 or 53.



APPENDIX TWO

~iIn vitro technique and culture medium. o

, l. One day before anthesis, flower buds were opened, emasculated;TEnd

1

‘bagged to prevent Polllnation o ';:',.,:,"7~:%'1;,f5

2. The unpolllnated gynoecla were collected HS 72 hoursvafter anthesls

109~

Voo

Whole anthers that were Just beglnnlng to dehlsce were collected and .

placed under uv light for 30 minutes. . T : o ”‘.rgﬂ-
3. /Gynoec1a were surface sterlllzed (alcohol flamlng) and the intact .

plaoentae were dissected out in a transfer room. Free placentae T

.were immediately transferred to a. polllnatlon p fte.
tion plate is a sterlle petrl dish wlth a thin'l yer‘of-growth
medlum in one of the halves ) | |
‘h ‘ Pollen was scooped out of the anthers 1nto a sterlle/petri dlsh
w1th a sterlle dissectlng needle. |
5, . Pollen was collected on a sterlle cotton ball and dusted over the |

placentae in the pollinatlon plate.

6. Two to three pollinated placentae were transferred to-each culture

g £

tube and 1ncubated at 230
A surgical mask was worn during all dissectlons and tissue transfers.

A1l tissues were handled w1th alcohol flamed 1nstruments. :

Modified Nitsch' S growth medium.

(See. Nitsch 1951 Maheshwari and Lal, 1961)

£
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Ca(NO3 Z;X 4H20 ' 500 mg/L f
Ko, A | 125 mg/L
Mgso,, £-7H20 | 125 ng/L "
Ki o, | | | 125 mg/L
glycine : : , -7-5 mg
niacin . » | 1.2 mg
thiamine ' 0.25 mg
pygidoxine ' 0.25 mg
calcium pantothenate \ 0.25 mg
agar : o ' 8.0 gl

“ sucrose U * 50.0 g
Soiution A (ferric ciftrate) ‘ L cc

h Soiution_B (trace element mixture) ° 1 ce

1. add dH,0 to the above to make 1 full liter. Slowly heat until
all componénts go into solution.
2; ,Adjust.pH to 5.8.
3. Pour 5-8 ml of the solution into eacﬁ culture tube, cap, and

autdclaVe at 15 1bs for 15 minutes,
To make Solution A (ferric citrate solution);

L. Add dH)0 to 10 g of FeCL0.H, iifgﬁg to nake up 1 liter of
soiution.

2. Autoclave separétely at 15 lbs'for 15 minutes.

To make Solution B (trace -element mixturé):

+

1. Make a 1 liter solution containing trace elements
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2

'Hééou (sp. gr. 1.83) 0.5 cc/L
‘Mnspu x W0 | 3000 mg/L

ZnSOh‘x 7H,0 r 500 mg/L

H,B0, ' _ : 500 mg/L ,
CuS0,, x SH,0 25 mg/T

Na, o0, x 2H,0 | 25 mg/L.

2. Autoclave separately at 15 1bs for 15 minutes.



