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ABSTRACT

STUDIES ON IN VITRO MANIPULATION OF MALE AND FEMALE REPRODUCTIVE
SYSTEMS OF FLOWERING PLANTS

By Noureldaim Hussein

The overall aim of this research project is to investigate the possibility of using pollen
as a vector for transporting extracellular substances to the site of gamete fusion in the embryo
sac. Manipulation of plant male and female gametophytes included studies on pollen culture
in vitro, pollen viability and developmental state, loading of fluorescent probes by
plasmolysis/endocytosis and via vascular system, clearance of embryo sacs, ovule culture and
the in vitro fertilisation and production of genetically uniform lines.

Pollen from Impatiens glandulifera cultured under a range of nutrients (sucrose,
H,BO,, Ca, K and Mg), temperature and humidity conditions revealed that 5% sucrose,
100ppm H,BO, with 100 ppm potassium nitrate, gave longer pollen tubes (463.20 pm after 1
h). Pollen tubes were longer at room temperature; however, they also grew under
temperatures down ta 4 °C. The effect of humidity levels was also significant, and pollen tube
length increased with the increase of relative humidity (RH) over the range 0.0 to 92.0%.
Plasmolysis followed by deplasmolysis of polien gave a non-significant effect on tube growth
compared to the control treatment.

Assessment of pollen viability using fluorescein diacetate (FDA) and Calcofluor White
M2R (CFW) highlighted some drawbacks on the most widely used technique for assessing
pollen viability, the fluorochromatic reaction. Pollen developmental state in /. glandulifera was

assessed using the Feulgen staining technique. The use of DNA-specific 4,6-diamidino-2-

phenyl indole (DAPI) has clearly shown the vegetative and generative nuclei. Pollen tubes
were monitored using aniline blue.

When poilen were plasmolysed and deplasmolysed in the presence of 5 mg ml -1
Lucifer Yellow CH (LY-CH), the fluorescent probe was taken into pollen and the most likely
mechanism by which it was taken up was through plasmolysis/endocytosis. The loading up
into pollen of FDA by enzymic cleavage and fluorescein by endocytosis is also discussed.

Fluorescein, LY-CH and Calcofluor White M2R were loaded via the vascular system of
Nicotiana tabacum, |. glandulifera and Brassica napus. Using fluorescence microscopy, the
path of these probes was followed from the pedicel cells up to the ovules.

The demonstration of loading of fluorescent probes into embryo sacs, whether via
germinating pollen or via the vascular system, required manipulation of ovaries and clearance
of embryo sacs. The fixing and clearing technique revealed, to some extent, embryo elements
in I. glandulifera and N. tabacum. The enzymic maceration technique, however, resulted in the
isolation of /. glandulifera embryo sacs. The embedding in London Resin White (LR White)
technique was used to reveal additional information.

In vitro stigmatal pollination of 1. glandulifera ovaries resulted in pollen tubes
penetrating into the ovules. When this was conducted in the presence of Lucifer Yellow CH, B.
napus pollen tubes were seen carrying the probe and penetrating into the ovule. Fully grown
N. tabacum plants were obtained from ovaries cultured and pollinated in vitro.

Micro-propagation of /. glandulifera, N. tabacum and B. napus in Murishige and
Skoog, and Nitsch and Nitsch -based media resulted in plantlets from B. napus and Nicotiana
tabacum. Acclimatisation of the latter, under humid conditions, resulted in fully grown plants.



THIS THESIS IS ENTIRELY MY OWN WORK
AND HAS NOT PREVIOUSLY BEEN OFFERED IN

CANDIDATURE FOR ANY OTHER DEGREE OR
DIPLOMA

Noureldaim Hussein
August, 1993



ACKNOWLEDGEMENTS

This research was kindly funded by the Sudanese Government for which I
unreservedly acknowledge my gratitude. The success of this research is largely due to
the constant help and encouragement from my supervisor, Dr. Phil Gates of the
Department of Biological Sciences, University of Durham (DBSUD), to whom I offer
my thanks and deep appreciation.

Dr. Michael Richardson, the Principal, and the staff of the Graduate Society,
University of Durham are greatly acknowledged for being so helpful and co-operative
during the course of this study. Great appreciation goes to Dr. Alan Pearson, and Dr

Nick Harris (DBSUD), for iheir valuable remarks on this study.

I owe deep gratitude to my colleagues from the DBSUD, John Davies, Jackie
Spence, Christine Wilson, Dorothy Catling, Ali Baloch and Rafaella, for their
friendly co-operation. It is my pleasure to acknowledge the staff of the University's
Botanic Garden for taking the responsibility of the routine management of my
experimental plants. Greatly acknowledged efforts were made by Paul Sidney and
David Hutchinson of the Photographic Unit (DBSUD) in producing the photographs. I
also acknowledge the DBSUD secretarial staff, Creigton M, Mather J and Richardson

A, for their continued co-operation .

I also owe deep gratitude to Mrs. Lesley Forbes of the University of Durham,
and the Gordon Memorial Trust Fund, for kindly providing financial assistance to my

study.

Finally, I deeply acknowledge the great encouragement from my wife and
children, and from my family in the Sudan, whose support significantly contributed to

the outcome of this study.



TABLE OF CONTENTS

ABSTRACGT ...ttt et ste st sasesesesssbesensstssesssesssstsrsass i
ACKNOWLEDGEMENTS ... rrinrtstssiesesssesesesenssensssssssseseseseses iii
TABLE OF CONTENTS ...t ssesensnsesssssnsssssssssaenes iv
LIST OF TABLES ...t ecseeisseesestsestsesessissesessssasesesensssasassene vii
LIST OF FIGURES ..........coo et resiessesessaseesesasessasesessssesesesssense viii
LIST OF ABBREVIATIONS. ...t ssisene X
CHAPTER ONE:
INTRODUCGTION ...ttt sestsssenen st s ses s 1
1.1 Discovery of the basis of sexual reproduction in plants.......c..ccceevuniininenen 1
1.2 The structure and function of the female gametophyte of flowering

PLANIS c..ccveiiirireeere ettt ettt sa bbb s et sb e bR g b ene 2
1.3 Reproductive systems of higher plants............ccovvivnininiininiiinniinninnne, 3
14 The Structure and function of plant gametes .........ccocvvvevevreerininnieniennnnnnes 4
1.5 Pollen germination and tube rowth ..........ccceoeeiniienininninneninieneniinen, 6
1.6 Advances in understanding gained from culturing animal eggs in vitro.....8
1.7 The potential value of manipulating plant gametes in vitro .........c.coceeveneee. 9
1.8 The practical difficulties of manipulating plant gametes in vivo .............. 11
1.9 The practical difficulties of manipulating plant gametes in vitro ............. 12
1.10 ‘ Uptake of xenobiotics by germinating pollen...........ccovveneninninicnninnnnne. 15
1.11 Loading fluorochromes into plant cell via the vascular system................. 17
1.12 In vitro fertiliSation .........cccccvceirereciienercnncniniicniienroneeroesisssissnsessnes 18
1.13 Tissue culture teChNIQUES .......coveeriiieriiiii e 19
1.14 Aims of this research project.......iiininiiiiniinee e, 19
CHAPTER TWO:
MATERIALS AND METHODS ... esesssssssssssines 23
2.1 Biological Material, Chemicals and Culture Media ..........ccooeevieveeinnennae. 23
2.1.1 Biological Material..........cccovvivmniiiinininieineninine e ssesessenenees 23
2.1.2 ChemiCalS......ccceovievieciriiniiinit s e ssa s es e s easans 24
2.13 Culture MEAIA....ccevveereeceeecrrcteccere et s s sae e 27
2.2 Techniques and Protocols ........oovviiniininnniinenieneeseses e 29
2.2.17 Examination of plant material by fluorescence microscopy.........c.eovvsenenn. 37

iv



2218 Computer data handling programmes ..........co.ceeevverirereneesiininiesenensennes 38
2.2.19 PhOtOZIaPRY ....cccvtiiiirireirirseeresensenntee sttt sas s ses st sssssesssaessnesans 38
23 Manipulation of pollen ift Vitro ...........cceeviniiviienienicrenniencsineeeeseeenes 39
231 Assessment of the role of nutrient elements on pollen growth in vitro .... 39
2.3.2 Effect of temperature and humidity on pollen growth in vitro.................. 40
233 Assessment of pollen viability at different temperature and humidity
CONAITIONS ...eeeeveeeniiiiireiicesie et st ere st ae s saes s rssresassanesanessnesas 41
234 Assessment of pollen state and monitoring of pollen nuclei ..................... 42
235 Loading of fluorochromes into pollen by plasmolysis / endocytosis......... 42
2.3.6 Plasmolysis/deplasmolysis of pollen, in vitro pollination and
identification of pollen tubes...........coeiiiin, 44
24 Loading of fluorochromes into plant reproductive cells via the vascular
SYSEEII 1.eveiruerneesrssecoseeisanssenossesssnesaesssesnressnsnossnesssesssosnsssasessesnstsssessassnsans 44
2.5 Manipulation of ovaries/ovules and clearance of ESs.......cccccevvnniriennnnne. 45
2.5.1 Clearance of ESs by fixing and clearing sOlutions..........ccccceveeeviinecrunennnes 46
2.5.2 Isolation of ESs by enzymic Maceration ...........ccecerveerericenisniesiseessnnnnneens 46
2.6 In vitro ovule Cultre........ccovriimiiieiiicci s 46
2.7 In vitro fertiliSation ..........coccovvviiverneniiniiinirc e 49
2.8 Production of genetically uniform lines.......ccoovevvvvvvrininirininiineninennnns 50
CHAPTER THREE:
RESULTS ettt ee et sttt bt s e st et sbemesbasenans 51
3.1 Manipulation of pollen in vitro ......................... ettt s 51
3.1.1 Assessment the role of nutrient elements on pollen growth in vitro......... 51
3.1.2 Effect of temperature and humidity on pollen growth in vitro.................. 62
3.13 Assessment of pollen viability at different temperature and humidity
CONAILIONS ...vvevereerrreniieriereriseesossrresrrrsisssssstesssessssessssnessaesssesssssessssessansssrnnere 66
3.14 Assessment of pollen developmental state and monitoring of pollen
NUCIEI...c.uiiiirceeriirie it cb e n s s bssabssanssansenan s 72
3.15 Loading of fluorochromes into pollen by plasmolysis/fendocytosis........... 72
3.1.6 Plasmolysis/deplasmolysis of pollen, in vitro pollination and
identification oOf Pollen tUDES.......ccccviirecriicnnminiiinniiesieie e 78
3.2 Loading of fluorochromes into plant reproductive cells via the vascular
SYSIEIM ..cuveverrenreniesentereessertesertesoersesassassssbestsassaes st sussassnsasesassesbsnsensbestens 82
33 Manipulation of ovaries/ovules and clearance of ESs........cccccocvivivinnninnn, 88
34 In vitro ovule CUltUTE ........ceevieineieceniiinin e 92
35 In vitro fertiliSatION ......ccovveririiniininmiir s 92



3.6 Production of a genetically uniform lines .........coccccivnininiiininnnnninnnnnnn, 98

CHAPTER FOUR:
DISCUSSION ...t eesssessts s essssetsessssssesessasessrsansasans 100
o POLIEN CULUTE i71 VEIFO...eeveereceeerericineinininictcrsstsissess st sssssss s s 100
2] Assessment of pollen viability at different temperature and humidity

COMAILONS .....ccvreerreercereeraeirrerierrersesssresssneessstssannssssssssesesenssssesssssssrsssaneens 107
3] Pollen developmental state and monitoring of pollen nuclei................... 110
4] Plasmolysis/deplasmolysis of pollen, in vitro pollination and

identification of pollen tbeS..........c.cceviviiviirrrinicr e 112
o Loading of fluorochromes into pollen by Plasmolysis/endocytosis ........ 113
(6 Loading of fluorochromes into the plant cell via the vascular system..... 116
7] Manipulation of ovaries/ovules and clearance of ESs...........c..ccoocveneenen. 124
(8] 17 Vitro ovVUle CUITUTE ......vccueirererrinieetcsierrn et eebs s b as 125
(9] In vitro fertiliSation .........cocccevuerereerreesrerniennniensnisnesesessnresaesnesessseasns 126
10} Production of genetically uniform lines.........ccccovivivneninnninnieniennene 128
Recommendations for further work eeeeeeeeeeesseseseemeeeeseem et eeseseeseeeeesessessons 130
CHAPTER FIVE:
SUMMARY AND CONCLUSIONS ..., 132
BIBLIOGRAPHY ... errcrstsneessennsseesesrenssersesssssesesssesssssssnnes 141

vi



Table (1)

Table (2)

Table (3)

Table (4)

Table (5)

Table (6)

Table ‘(7)

Table (8)

Table (9)

Table (10)

Table (11)

LIST OF TABLES

Analysis of variance of Impatiens glandulifera pollen tube length (pm)
after incubation in growth medium for 15 min using sitting-drop,
hanging-drop and cellophane sheets culture techniques..........ccococceviinee. 53
Analysis of variance of the effect of sucrose concentration (5%, 10%,

20% w/v) on pollen tube length (um) of /. glandulifera 1 h after
incubation at roOM tEMPETALUTE. .......ccecremriervisiniisssensesieesiornessessissesssessnonns 53
Analysis of variance of the effect of boric acid (0.005, 0.01%, 0.02%

w/v) on pollen tube length (um) of /. glandulifera 1 h after incubation

At TOOM LEMPETATUTE. ..covvvrrrrresiuriiesrarisaeeisaseisessanessssteissesssessssressansssssssrnsnons 54
Analysis of variance of the effect of sucrose concentration (5% (w/v))

and boric acid (0.005-0.02% (w/v)) on pollen tube length (pm) of /.
glandulifera 1 h after incubation under room temperature. .........c.coeveeneene 54
Analysis of variance of the effect of sucrose(5% (w/v)), boric acid

(0.01% (w/v)) and 0.02% (w/v) Mg, Ca and K on pollen tube length

(um) of /. glandulifera 1 h after incubation at room temperature............. 55
Pollen tube growth rate (um/min) of /. glandulifera after incubation in
liquid PCM for 15 min, 30 min, 1 h and 2 h at room temperature............ 55
Pollen tube growth rate (Wm/min) of /. glandulifera after incubation

in PCM supplemented with 1% (w/v) agar 15 min, 30 min, 1 hand 2 h

At TOOMM TEMPETALUTE. ...eeveerrrerirerieesesseesssrseseestossesssessossissssssessessessessassssens 61
The effect of temperature on pollen growth of /. glandulifera in terms

of tube length (nm) and germination percentage after incubation for 45
min at 4 ° C, 8 °C and room temperature (RT) in culture medium
supplemented with 1% (W/V) agar..........ccconiniiinniiininnenieninneneinnenn, 62
The effect of relative humidity (RH) on pollen growth of /.

glandulifera in terms of tube length (pm) and germination percentage

after incubation for 90 min at room temperature (RT) using culture
medium supplemented with 1% agar. .........ccccceevininnnieniennenenienniesnninen, 63
Fluorescence intensity of fresh /. glandulifera pollen after incubation in
CFW (0.1-1% W/V) fOr 5 MiN...ccovvcrerreerecruierrensrenneeessinsessssessersssesssssosnes 71
Analysis of variance of fluorescence intensity of fresh /. glandulifera
pollen after incubation in CFW (1% w/v) for 5 min as measured from
pollen incubated at 4 °C, 8 C, room temperature (RT) and 60 °C for 24

e e e s s bbb b e ae bbb an oot 71

vii



Figure (1)
Figure (2) .
Figure (3)
Figure (4.1)

Figure (4.2)

Figure (5.1)

Figure (5.2)

Figure (6)

Figure (7)

Figure (8)

Figure (9)

Figure (10)

Figure (11)

Figure (12)

Figure (13)

LIST OF FIGURES

The events that take place during the fertilisation process in

ANGIOSPEIINIS oeviriirriereieteninaeesessessseseessassesssstssessatassesesesonsestessssssnassasenassnes 7
The difference between plant and animal life cycles .......cccevviiininnenne. 16
Research FIow Chart ..., 22

The effect of sucrose concentration on pollen tube growth of /Impatiens
glandulifera 1 h after incubation in liquid culture medium. ............c....... 56
The effect of boric acid concentration on pollen tube growth of /.
glandulifera 1 h after incubation in liquid culture medium. ..................... 57
The effect of 5% (w/v) sucrose supplemented with 0.005% (w/v),

0.01% (w/v) and 0.02% (w/v) boric acid on pollen tube growth of /.
glandulifera 1 h after incubation in liquid culture medium. ..................... 58
The effect of 5% (w/v) sucrose supplemented with 0.01% (w/v) boric
acid, 100 ppm calcium nitrate, potassium nitrate and magnesium

sulphate on pollen tube growth of /. glandulifera 1 h after incubation in

liquid culture MEdIUML ......ccoviiiiininnniniiiiiriinreee e sssee s e ssssnees 59
Pollen growth rate in /. glandulifera after incubation for 15 min -2 h
in liquid and solidified (1% (w/v) agar) pollen culture medium................ 60

The effect of temperature on pollen tube growth of /. glandulifera after
incubation for 45 min at 4 °C, 8 °C and room temperature (24%1 °C) in
culture medium supplemented with 1% (W/v) agar.......c.cccouerviecirecnnnneen. 64
The effect of humidity on pollen tube growth of /. glandulifera after
incubation for 90 min at room temperature (2411 °C) in culture

medium supplemented with 1% (W/V) agar.........cccovivicvennninercnerneninnens 65
Fluorescence intensity of fresh pollen from /. glandulifera, Nicotiana
tabacum and Brassica napus after treatment with FDA for 5 min. .......... 68
Fluorescence intensity after treatment with CFW of pollen from /.
glandulifera preincubated at 4 °C, 8 °C and room temperature (2411

°C) and 60 PC fOr 24 h. ...c.overcrreceniecrrirerrerensteseesnneneeesiessessneennenessnnens 69
Fluorescence intensity of fresh pollen from /. glandulifera incubated

for 24 h at 4 °C, 8 °C and room temperature (24+1 °C) after treatment

with FDA fOor 5 Min. ..coceoviiiiiiiniinienenncicniccicnnennnr e seeenes 70
Assessment of pollen state and monitoring of pollen nuclei in /.
lANAUIIIETQ........coeneviriieriieriiriiiiniir st s s sssr s s 74

The effect of plasmolysis and deplasmolysis on growth of /.
glandulifera pollen..............oovvvrvveniiineinneniinns s s 75



Figure (14)
Figure (15)

Figure (16)

Figure (17)

Figure (18)

Figure (19)

Figure (20)

Figure (21)

Figure (22)

Figure (23)

Figure (24)

Figure (25)

Figure (26)
Figure (27)

Pollen from I. glandulifera after plasmolysis in 1 M mannitol for 1 h. ....76
Pollen from /. glandulifera after plasmolysis in 1 M mannitol
supplemented with 5 mg ml-1 LY-CH for 1 h and deplasmolysis in 300
mM mannitol for 30 MiN.........ccoceiinvieiiinie s 77
Callose plugs in N. tabacum and I. glandulifera 6 h after incubation in
pollen culture medium supplemented with 1% (w/v) agar and treatment
with decolourised aniling bIUe...........ccceververrerieirierieneninrtecieeneeresennens 79
Impatiens glandulifera pollen tubes identified in vivo after treatment

with decolourised aniline blue showing different types of callose plugs,
and pollen tubes after germination in Vitro. ............coceevireieneeecerecssenenees 80
Distance to first and second callose plugs (CP) of /. glandulifera and

N. tabacum. after incubation in pollen culture medium (PCM)
supplemented with 1% agar ............ccccoveninninininnninnin . 81
(a) 12 pm thick transverse section of pedicel and (b) 'free hand'

transverse section of ovary base of Nicotiana tabacum, 2 h after
incubation in 5 mg ml-! Lucifer Yellow CH, viewed under blue filter
excitation (bars=50 M) .....cccceeerrerrreerrrererrereresssnesernenesneseranseseessssesassnesins 83
Uptake of Luicfer Yellow CH via pedicel as shown by funiculus of (a)

N. tabacum and (b) 1. glandulifera, (c) 12 um thick transverse section

of 1. glandulifera ovule, viewed under blue filter excitation (bars=50

M) tiieieeeiieieeenerasesaesssensesessssssssisnsecasasessssssenssssanssssssesssesensesasssarenasssasssssssnanes 84
(a) Transverse section of Brassica napus pedicel after incubation in

CFW for 2 h, viewed under UV excitation filter (bars=50 pum), (b) B.
napus ovule after incubation of pedicel in CFW for 2 h, viewed under

UV excitation filter (bars=50 PMm). ......ccevvvriiiirreicrinenineeecccneeeesineeesserenees 85
Relative mobility of LY-CH and fluorescein in B. napus ovary after

incubation of pedicel for 2 h. .........ccccvnivviiiiiiiininin e, 86
Loading of fluorescein in /. glandulifera pollen via the pedicel pre-

ANLhET OPEIMING. ..ciivicirieeeririerirreeriiriereeieeeasineseseeesensesessorsssssesseseessssesssssnes 87
Clearance of embryo sacs from /. glandulifera ovules at anther opening
and 7 days post-pollinating in vVivo..........c.ucieeiinneniennnneinenenenn, 89
Enzymic maceration of /. glandulifera embryo sacs after incubation of
ovules in €NZyMmiC SOIULION. ...ccccvrerrereirreerrreesiinerrense e sstssssaeeensesseane 90
Clearance of embryo sacs from N. tabacum ovules at anther opening...... 91

(a) One pollen tube and (b) two pollen tubes of /. glandulifera
penetrating into the ovule 3 days after stigmatal pollination in vitro. (c)
B. napus pollen tubes loaded with LY-CH penetrating into the ovule

ix



after stigmatal pollination with pollen plasmolysed and deplasmolysed

in the presence oOf the Probe. ........coeeeverciniiiiciinnni e, 94
Figure (28) N. tabacum ovules 2 weeks after in vitro culture in MS-based media. ..... 95
Figure (29) [nvitro produced N. tabacum plants 7 weeks after in vitro pollination

of ovaries cultured in Nitsch and Nitsch (1969) medium. .........cccceevvernenn. 96
Figure (30) Production of genetically uniform line in /. glandulifera and B. napus....98
Figure (31) Production of genetically uniform lines in N. tabacum. .......................... 99



pm
pm/min
6-BAP
BV
CFwW
cm
DAA
DAP
DAPI
DF
DNA

LR
LY-CH

min

MS

MSO
NAA

LIST OF ABBREVIATIONS

microlitre

micrometre

micrometre per minute
6-Benzylaminopurine
Blue-Violet

Calcofluor White M2R
centimetre

days after anthesis

days after pollinating
4,6-diamidino-2-phenyl indole
degree of freedom
deoxyribonucleic acid

embryo sac

fluorochromatic reaction
fluorescein diacetate

gram

hour

litre

London Resin

Lucifer Yellow carbohydrazide
molar

minute

millilitre

millimolar

mean squares

Murashige and Skoog Basal Medium

o-napthaleneacetic acid



nm

OCM

PCM

rpm
sec
SS
StDev
Uv

w/v

nanometer

ovule culture medium
probability

pollen culture medium
relative humidity
ribonucleic acid
revolution per minute
second

sum of squares
standard deviations
ultra-violet

weight by volume

xii



CHAPTER ONE

INTRODUCTION

1.1 Discovery of the basis of sexual reproduction in plants:

The discovery of sexuality in plants can be traced back to the writings of
Aristotle and Theophratus. However, actual observation of the sexual cells was only
made possible after the invention of the microscope. Preliminary information on
sexuality in plants was provided by Grew (1682) who made the first explicit mention
of the stamens as the male organs in the flower. Further scientific discoveries were

made by Camerarius (1694) who stated:

"In the plant kingdom, the production of seed which is the most perfect
gift of nature and the general means of maintenance of the species,
does not take place unless the anthers have previously prepared the
young plant material in the ovary".

Kolreuter (1761-1766) fully confirmed the findings by Camerarius and
succeeded in producing hybrids in some plant species. In an attempt to assess further
the manner in which the pollen influenced the ovule, studies by Amici (1824) and
Brongniart (1827) revealed that the interaction between the pollen and the ovule is

made possible by pollen tubes.

The origin and development of the ovule was the subject of studies by
Schleiden (}837) who published what was known as Schleiden’s Theory. He asserted
that it is the pollen tube that becomes the embryonal vesicle, and undergoes a number
of divisions to form the embryo. This was later refuted by Hofmeister (1849) who
rejected Schleiden's theory and showed that the embryo originated from a pre-existing
cell in the embryo sac (ES) and not from the pollen tube. Important advances were
made by Strasburger (1884) who discovered the actual process of syngamy, or the

fusion of the male and female gametes. He showed that one of the two male nuclei
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discharged by the pollen tube fuses with the nucleus of the egg. Nawaschin (1898)

showed that in angiosperms both male gametes are concerned in fertilisation.

Prior to 1891 it was believed that the pollen tube enters the ovule through the
micropyle; Treub in the same year reported pollen penetration through the chalaza.
The former is the usual condition and is known as porogamy and the latter is known as
chalazogamy. However, there are several modifications depending on the structure of
the gametophyte. In Acacia, for instance, a micropyle does not exist at the time of
fertilisation (Newman, 1934). In other instances, like in Philadelphus, Utricularia,
Vandellia, and Torenia the ES protrudes out of the micropyle so that the pollen tube
comes in direct contact with it (Maheshwari, 1950). Chalazmogamy was also reported

in Rhus (Grimm, 1912), Circaeaster (Junell, 1931a), and a few other genera.

It was Nawaschin who discovefed double fertilisation in 1889; the fusion of
the male gamete with the egg was regarded as generative fertilisation, while the fusion
of polar nuclei with the second male nucleus was called vegetative fertilisation

(Strasburger, 1900).

1.2 The structure and function of the female gametophyte of
flowering plants:

The megasporangium or ovule consists of the nucellus and, ordinarily, one or
two integuments. A third integument is present in some species (e.g. Euonymus sp.),

which later develops into the aril, an organ concerned with animal dispersal of seeds.

The megaspore mother cell forms a tetrad of four cells through a meiotic
division. Different views have been presented with respect to the functioning
megaspore. Maheshwari (1950) stated that it is normally the chalazal megaspore
which gives rise to the ES. Other reports suggest that it is micropylar megaspore
(Feherlind, 1945), or the third megaspore from the micropylar end (Mauritzon, 1934)

which gives rise to the ES. There may be variation between taxonomic groups.
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The female gametophyte, the ES, typically contains an egg cell, a central cell,
synergids flanking the egg cell and variable numbers of antipodal cells, which

represent a greatly reduced female gametophyte.

Although both the male and female gametes are intimately involved in plant
fertilisation, other cells do apparently play an essential supporting role. An important
role attributed to the synergids is that of absorption, synthesis and transport of
nutrients. They also play a major nutritional role (Pritchard, 1964; Schultz and Jensen,
1968). However, some authors do not consider the synergids to be involved in the
nutritional mechanism (Mogensen, 1972). They also provide the pollen tube and its
sperm cells with access to the ES and subsequent dissemination of the sperms to the
egg and the central cell. There is good evidence that there is a chemotactic
relationship between the pollen tube and the synergids; one of the two synergids
begins to degenerate soon after pollination, while the pollen tube is still travelling
down the style, and this degenerate synergid forms the point of entry for the pollen

tube into the ES.

The central cell remains chiefly engaged in storage of food reserves and after
fertilisation its two nuclei unite with a male gamete to form the triploid endosperm.

The antipodal cells play no further part in development once the ES has formed.

1.3 Reproductive systems of higher plants:

Sexuality was described by Fryxell (1957) as conferring on plants a "strong
selective advantage” which provides the opportunity for genetic recombination and
thus variations in populations. This in turn confers evolutionary plasticity in the face

of changing environmental conditions.

The control of sexual reproduction, and thus recombination, has long been a

major objective for experimental botanists and plant breeders.
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It is worth mentioning at this stage, the distribution of organelles during and
after fertilisation. It was reported that after penetrating the wall of the ES, the pollen
tube may either pass the egg and one synergid as in Fagopyrum (Mahony, 1935), or
between the ES and a synergid as in Cardiospermum (Kadry, 1946), or directly into a
synergid as in Oxalis (Krupko, 1944). The events that take place during the

fertilisation process in angiosperms are illustrated in Figure (1) .

Three different cl#ssés of maternal effects in plants has been distinguished by
Roach and Wulff (1987). These include cytoplasmic genetic, endosperm nuclear, and
maternal phenotypic effects. Organelles such as plastids and mitochondria, for
instance, are transferred from the maternal plant to the offspring during ovule
formation and development. The endosperm nuclear effect results from the two nuclei
it contributes to the 3N endosperm. Phenotypic effects are due to the fact that the
tissues surrounding the developing embryo and endosperm are all maternal, and they

are important determinants of seed dormancy, dispersal, and germination traits.

In addition to the nuclear zygotic contribution, the parental plant does also
contribute to the phenotype of the offspring, e.g. seed size. Male cytoplasm can also
influence the hereditary expression of yield characters in plant progeny (Fleming,

1975).

14 The structure and function of plant gametes:

The essential function of the male gametophyte, the pollen grain and pollen
tube, is to deliver two male gametes into the ES. The pollen grain consists of a
protective wall composed of the exine and intine, enclosing a vegetative and a

generative cell.

Many more pollen grains are processed than are necessary for fertilisation, the

overproduction of male material have a function with respect to other plants and an
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impact on human beings as well (Linskens, 1992). For instance, excess pollen grains
become a substrate for the microflora of the soil (e.g. Rhizophidium), and an
ecological niche on the leaf surfaces of plants. Pollen is a principal source of food for
many insec‘ts. Besides the direct effect of pollen on human health, it can also be used

as an accessory food, in addition to the vital role in human civilisation.

The pollen walls govern water movement in and out of the grain. The layers
of pollen wall, as déscribed by Erdtman (1966), consist of the exine and the intine.
The former layer which is divided into sexine (outer) and nexine (inner) is
sporopollenin; the latter is pectocellulosic. Variations between different plants occur

due to the relative thickness of the various components.

There may be one or two sperm nuclei (male gametes) present, depending on
whether the generative cell has undergone its second mitotic division. In binucleate
pollen this division is delayed until the generative cell enters the pollen tube.
Brewbaker (1967) reports that 68% of the angiosperm families shed pollen in the
binucleate condition (generative cell divided at the times of anthesis) and the
remaining 32% shed pollen in the trinucleate condition. However, both types of pollen
grains have been reported in the same plant (West, 1930; Junell, 1931a; Poddubnaja-
Arnoldi, 1936), probably due to environmental conditions.

There is a strong correlation between number of male gametes in the pollen
grain and self-incompatibility system; plants with binucleate pollen generally exhibit
gametophytic incompatibility systems and trinucleate species usually have sporophytic

systems (Brewbaker, 1967).

The sperm cells are enclosed by both their own plasma membrane and by the
inner plasma membrane of the vegetative cell. The male germ unit and the vegetative
nucleus constitute the functional unit of male gamete transmission (Dumas et al.,

1984).
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The various nuclei were reported to be different, both structurally and
functionally, as revealed by their staining reactions (LaFountain and Mascarenhas,
1972; Coleman and Goff, 1985; Hough et al., 1985). The male germ cells are initially

spindle-shaped and become spherical soon after isolation (Russell and Cass, 1981).

Viable and mature pollen are reported to possess nonvacuolate, granular
cytoplasm with many plastids, mitochondria, Golgi-derived vesicles, lipid droplets,
and a large population of quiescent dictyosomes (Larson, 1965). Starch grains are also

commonly present in some species, such as Zea mays.

1.5 Pollen germination and tube growth