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ABSTRACT 

Some of the problems involved i n the s e a r c h f o r a l t e r n a t i v e plant 

t r a n s f o r m a t i o n v e c t o r s have been examined. In p a r t i c u l a r the use of 

pregerminated p o l l e n as a d i r e c t transformation vector has been 

i n v e s t i g a t e d . I t has been shown that the p r o t o c o l s of Hess et a l (1985) 

and De Wet e t a l (1985) are not easy to repeat with the l e v e l s of 

s u c c e s s claimed by the authors, and th a t these methods are u n l i k e l y to 

f i n d general a p p l i c a b i l i t y to pla n t transformation i n unmodified form. 

I t has not been shown c o n c l u s i v e l y that these methods do not work, 

although the tr u e l e v e l s of transformation may be considerably lower 

than those claimed. Some of the b a s i c information required f o r 

a p p l i c a t i o n of the methods of de l a Pefia e t a l (1987) to Petunia has 

been e l u c i d a t e d . 
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CHAPTER 1 INTRODUCTION 

P l a n t s a c t as primary producers i n food c h a i n s and as the only 

renewable energy source a v a i l a b l e to animals, photosynthetic b a c t e r i a 

being perhaps the only other primary producers. P l a n t s grow 

a u t o t r o p h i c a l l y , r e q u i r i n g only water, carbon dioxide, minerals and 

s u n l i g h t . T h e i r biomass production accounts d i r e c t l y f o r 90% of human 

c a l o r i e i n t a k e and 80% of human p r o t e i n intake, the r e s t coming from 

animal s o u r c e s which a l s o depend on p l a n t s f o r t h e i r n u t r i t i o n . 

About three thousand s p e c i e s have been used by man f o r food, 

however, about twenty crop s p e c i e s now account f o r the vast majority of 

man's p r o t e i n and c a l o r i e intake. The c e r e a l s are the dominant s t a p l e 

crops, with r i c e and wheat being the major c o n t r i b u t o r s . As the human 

population continues to expand, pressure i s being brought to bear on the 

c a p a c i t y of world a g r i c u l t u r a l r esources to support t h i s population. I t 

has been c a l c u l a t e d , assuming advanced a g r i c u l t u r a l p r a c t i c e s and highly 

s e l e c t e d crops, that the c u r r e n t l y estimated a v a i l a b i l i t y of arable land 

c o u l d comfortably support the ex t r a p o l a t e d world population of eight 

b i l l i o n i n 2001 (Mantell, Matthews and KcKee 1986). However, problems 

of n u t r i t i o n a l balance e x i s t with purely v e g e t a r i a n d i e t s i n terms of 

both e s s e n t i a l amino a c i d s and vitamin B12. 

The improvements th a t have been made to both the y i e l d and q u a l i t y 

of crop p l a n t s i n the twenthieth century have p a r t l y been due to 

improved a g r i c u l t u r a l p r a c t i c e s i n crop husbandry, use of inorganic 

f e r t i l i s e r s , p e s t i c i d e s , h e r b i c i d e s and i r r i g a t i o n , and p a r t l y due to 

g e n e t i c improvements brought about by the pla n t breeders. Improvements 

i n the e f f i c i e n c y of crop u t i l i s a t i o n i n terms of y i e l d , pest 
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r e s i s t a n c e , n u t r i t i o n a l q u a l i t y and environmental range are being 

c o n t i n u a l l y sought i n the endeavour to match a g r i c u l t u r a l r e s o u r c e s to 

population demand, and i t i s c e r t a i n that conventional breeding 

techniques and chemical c o n t r i b u t i o n s to husbandry w i l l play the major 

r o l e i n these improvements i n the medium term future. However, the 

emerging t e c h n o l o g i e s of p l a n t t i s s u e c u l t u r e and c l o n i n g and t r a n s f e r 

of g e n e t i c m a t e r i a l i n p l a n t s w i l l have an i n c r e a s i n g r o l e to play as 

the techniques are r e f i n e d and t r a n s f e r of t h e i r a p p l i c a t i o n from model 

p l a n t systems to important crop s p e c i e s a c c e l e r a t e s . (Austin et a l 1986) 

These modern methods which may c o n v e n i e n t l y be grouped together a s 

'Plant Biotechnology' have a range of p o t e n t i a l a p p l i c a t i o n s to crop 

s c i e n c e . Genetic t r a n s f o r m a t i o n v i a a s p e c i f i c a l l y designed gene vector 

has s e v e r a l p o t e n t i a l advantages over conventional plant breeding 

techniques i n the generation of new crop v a r i e t i e s . (Old & Primrose, 

1985; Mantell, Matthews and McKee 1986) I n t r o d u c t i o n of s i n g l e genes or 

groups of genes i n a w e l l - d e f i n e d way i n t o major crop p l a n t s could 

s h o r t - c i r c u i t the conventional method of c r o s s i n g and back-crossing to 

o b t a i n d e s i r e d t r a i t s , thereby reducing the development time f o r new 

v a r i e t i e s . T h i s would reduce the expense of development and i n c r e a s e 

both the p o t e n t i a l f o r p r o f i t and the range of v a r i e t i e s a v a i l a b l e . 

Also the the p o s s i b i l i t y would e x i s t f o r i n s e r t i o n of f o r e i g n t r a i t s not 

a v a i l a b l e i n the e x i s t i n g 'gene bank' of g e n e t i c a l l y compatible s p e c i e s , 

i n t o e s t a b l i s h e d v a r i e t i e s . 

Along with the p o s s i b i l i t y of i n s e r t i n g f o r e i g n genes, e i t h e r by 

f a c i l i t a t i o n of normally incompatible c r o s s e s or by use of an 

a p p r o p r i a t e v e c t o r system, goes the p o s s i b i l i t y of generating completely 

new g e n e t i c v a r i a b i l i t y i n e i t h e r a random fashion, such as with the 
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phenomenon of somaclonal v a r i a t i o n , or i n a more planned manner using 

the a b i l i t y to a l t e r s p e c i f i c gene sequences by s i t e s p e c i f i c 

mutagenesis techniques. (Old & Primrose 1985; Mantell, Matthews and 

McKee 1986; Evans and Sharp 1986; C h a l e f f 1983) T h i s new v a r i a b i l i t y 

c ould y i e l d d e s i r e d t r a i t s s u i t a b l e f o r i n t r o d u c t i o n i n t o crop v a r i e t i e s 

by g e n e t i c e n g i n e e r i n g methods, or i n l e s s r i g o r o u s s i t u a t i o n s (eg 

ornamentals, v e g e t a b l e s ) give r i s e d i r e c t l y to new v a r i e t i e s . 

Gene t r a n s f e r i n p l a n t s a l s o g i v e s r i s e to the p o s s i b i l i t y of 

growing e n t i r e l y new 'added value' crops i n which the gene f o r some 

d e s i r a b l e b i o l o g i c a l product has been i n s e r t e d i n t o a crop plant i n a 

way analogous to the c u r r e n t b i o t e c h n o l o g i c a l production of t h e r a p e u t i c 

m a t e r i a l s d e r i v e d from animals (eg i n t e r f e r o n , growth hormones) i n 

micro-organisms (Old and Primrose 1985), As the n e c e s s i t y f o r s t r a i n 

s t a b i l i t y and the s p e c i e s of p l a n t to be used i s not defined other than 

by the ease with which a s u i t a b l e product may be obtained, t h i s 'added 

value' production i s probably w e l l w i t h i n the medium term scope of 

e x i s t i n g technology. 

T h i s p r o j e c t s e t out to examine some of the p o t e n t i a l vector systems 

a v a i l a b l e as a a l t e r n a t i v e to the well-developed Agrobacterium/Ti 

plasmid v e c t o r system. The d e s i r e to do t h i s stemmed l a r g e l y from the 

p e r c e i v e d l i m i t a t i o n of Agrobacterium and a s s o c i a t e d systems (Old and 

Primrose 1985; Horsch et a l . 1984; L i c h t e n s t e i n 1986; de l a Pefia, Lor2 

and S c h e l l 1987). The Agrobacterium system and a s s o c i a t e d methods of 

p r o t p l a s t t r a n s f o r m a t i o n and development of p l a n t v i r u s e s as v e c t o r s 

depend on t h e i r p o t e n t i a l on the phenomenon of totipotency (Mantell, 

Matthews and McKee 1986). T h i s i s the a b i l i t y of many ( i f not a l l ) 

p l a n t c e l l s to r e g r e s s to an u n d i f f e r e n t i a t e d s t a t e , from which under 
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s u i t a b l e c u l t u r e c o n d i t i o n s , whole p l a n t l e t s may be induced to 

p r o l i f e r a t e . T h i s method by-passes the p l a n t ' s reproductive system 

a l t o g e t h e r . 

C o n s i d e r a b l e s u c c e s s has been obtained i n generating whole p l a n t s 

u s i n g the Agrobacterium/Ti system ex p r e s s i n g f o r e i g n genes. The most 

notable r e c e n t s u c c e s s being t h a t of Vaech et a l (1987) i n producing 

t r a n s g e n i c tobacco p l a n t s protected from i n s e c t a t t a c k by v i r t u e of the 

presence of the Dt2 t o x i n gene from B a c i l l u s t h u r i n g i e n s i s . However, 

the method s u f f e r s from having a r e s t r i c t e d range of p l a n t s s u s c e p t i b l e 

to t h i s kind of manipulation (Old and Primrose 1985; Horsch et a l 1984; 

L i c h t e n s t e i n 1986; de l a Pefia, Lorz and S c h e l l 1987). Another 

disadvantage i s the e x i s t e n c e of the phenomenon of somaclonal v a r i a t i o n 

(Mantell, Matthews and McKee 1986; Evans and Sharp 1986) with i t s 

concomitant problems of r e t a i n i n g s t r a i n s t a b i l i t y - an e s s e n t i a l f a c t o r 

i n the development of new s t a p l e crops i f they are to be commercially 

competitive. A l e s s e r but perhaps s i g n i f i c a n t problem i s the need to 

i n c o r p o r a t e a s e l e c t a b l e marker along with the r e q u i r e d gene i f i t i s 

d e s i r e d to t r a n s f e r phenotypic t r a c t s which are u n i d e n t i f i a b l e at the 

s i n g l e c e l l or c a l l u s stage. T h i s , of course, i n v o l v e s introducing an 

a d d i t i o n a l g e n e t i c load i n t o the system which may, f o r Instance, cause 

s i g n i f i c a n t problems with y i e l d o p t i m i s a t i o n i n the i n t e n s e l y 

c o m p e t i t i v e a r e a of c e r e a l cropping. 

Transformation of DNA i n t o p r o t o p l a s t s using Ca2+ p r e c i p i t a t i o n 

along w i t h treatments l i k e PEG or e l e c t r o p o r a t l o n to d e s t a b i l i s e the 

membrane o f f e r s some promise of s u c c e s s i n overcoming the s p e c i e s range 

problems a s s o c i a t e d with Agrobacterium (Old and Primrose 1985; ? ? ; Hain 

e t a l 1985). S u c c e s s with Important monocot crops i s to date somewhat 
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l i m i t e d , but t h i s appears to be a matter of t e c h n i c a l p e r f e c t i o n r a t h e r 

than an ab s o l u t e b a r r i e r , a s regeneration of whole p l a n t s from 

p r o t o p l a s t s seems to acquire i d e n t i f i c a t i o n of e x a c t i n g c o n d i t i o n s which 

vary from s p e c i e s to s p e c i e s . Recent advances with r i c e p r o t o p l a s t s 

(Fujimara e t a l 1985; Yamada, Zhi-Qi and Ding-Tai 1986) suggest that 

these problems can be overcome. However, t h i s method s h a r e s with the 

Agrobacterium system the problems a s s o c i a t e d with somaclonal v a r i a t i o n 

and the n e c e s s i t y to incorporate s e l e c t a b l e markers, as we l l a s being 

t e c h n i c a l l y much more demanding. The c u r r e n t l y i l l - d e v e l o p e d v i r u s -

v e c t o r s (Old and Primrose 1985; Grimsley et a l 1987) w h i l s t showing some 

promise a g a i n s u f f e r from the problems a s s o c i a t e d with somaclonal 

v a r i a t i o n and s e l e c t a b l e markers. However, i t i s p o s s i b l e to d i r e c t 

these a g a i n s t whole p l a n t t i s s u e and i f they could be d i r e c t e d through 

the germplasm, the p o s s i b i l i t y of circumventing the p o s s i b i l i t y of 

somaclonal v a r i a t i o n e x i s t s . The problem of i n c r e a s i n g the genetic load 

may however be exacerbated by the use of v i r u s v e c t o r s as i t w i l l 

probably be necessary to i n s e r t i n t o the p l a n t genome much more DNA than 

j u s t the r e q u i r e d genes. 

Although the systems p r e v i o u s l y mentioned are probably the front 

runners i n the c u r r e n t d r i v e towards g e n e t i c manipulation of crop 

p l a n t s , the l i m i t a t i o n s involved make the s e a r c h f o r a l t e r n a t i v e v e c t o r s 

based on what may l o o s e l y be termed a s 'whole plant' reproductive 

manipulation .an a t t r a c t i v e and j u s t i f i a b l e quest (de l a Pena, Lbrz and 

S c h e l l 1987), 

The p o t e n t i a l advantages o f f e r e d by whole pla n t reproductive 

manipulation l i e i n the p o s s i b i l i t y of al l o w i n g the p u t a t i v e l y 

transformed c e l l s t o go through a normal developmental c y c l e w i t h i n the 
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whole p l a n t environment r a t h e r than exposing them to the apparently 

g e n e t i c d e s t a b i l i s i n g e f f e c t s of growth i n c u l t u r e c o n d i t i o n s where 

r e l i a n c e i s placed on hormonal i n d u c t i o n of meristemoids or somatic 

embryogenesis to enable production of whole new p l a n t s c a r r y i n g the 

a l t e r e d or added g e n e t i c m a t e r i a l . The r a t i o n a l e i s based on s i m i l a r 

manipulations i n animal systems (Old and Primrose 1985; Gordon and 

Ruddle 1981; P a l m i t e r e t a l 1982; Zolakar 1981; Capecchi 1980) which 

have y i e l d e d animals a l t e r e d i n the e x p r e s s i o n of a s i n g l e gene t r a i t , 

but otherwise apparently normal (eg. m i c r o - i n j e c t i o n of Drosophila P-

elements at the s y n c y t i a l blastodem stage i n developing embryos, micro

i n j e c t i o n of mouse germ c e l l s a t v a r i o u s s t a g e s to produce transgenic 

mice). 

These systems depend upon i n t r o d u c i n g the d e s i r e d piece of DNA i n t o 

animal germ-tissue where they are incorporated i n a proportion of cases, 

by more or l e s s s p e c i f i c recombination events mediated f o r instance by 

sequence homology (Palmiter e t a l 1982) or t r a n s p o s o n - l i k e elements 

(Zolakar 1981). In the case of mice, embryos c a r r y i n g the introduced 

DNA are reimplanted i n t o surrogate mothers and allowed to develop 

normally, e x p r e s s i o n of the introduced gene i s then assayed by genetic 

complementation of mutant t r a i t s or phenotypic expression d i f f e r e n t from 

untransformed s i b s . T h i s second a s s a y method i s extremely u s e f u l as no 

marker i s required, only a p r e d i c t i o n f o r the phenotypic e f f e c t of the 

t r a n s f e r r e d gene, 

The fundamental i d e a s behind these methods of gene manipulation i n 

animals would p o t e n t i a l l y be of great use i n p l a n t g e n e t i c engineering, 

o f f e r i n g the p o s s i b i l i t y of a t t a i n i n g the h i g h l y d e s i r a b l e r e s u l t of a 

s t a b l e s t r a i n with i n s e r t i o n of a s i n g l e gene or defined group of genes 
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which w i l l be e x p r e s s e d i n the subsequent generations. Obtaining t h i s 

r e s u l t would depend on the t e c h n o l o g i c a l a b i l i t y to t a r g e t small amounts 

of de f i n e d DM to the embryo sa c (megagametophyte), and to achieve i t s 

i n c o r p o r a t i o n i n t o the zygote i n such a way t h a t the s t a b i l i t y of the 

subsequent embryogenesis i s not s i g n i f i c a n t l y disrupted. S e v e r a l 

approaches have been taken to i n v e s t i g a t e t h i s p o s s i b i l i t y , which i s 

complicated by the complexity of the process of syngamy i n angiosperms, 

by the i n a c c e s s i b i l i t y of the embryo sa c i n the i n t a c t plant and the 

near i m p o s s i b i l i t y of making the female gen e r a t i v e nucleus amenable to 

m i c r o s u r g i c a l and r e i m p l a n t a t i o n techniques s i m i l a r to those used f o r i n 

v i t r o f e r t i l i s a t i o n and r e i m p l a n t a t i o n i n mammals. 

Most of the avenues explored to date have involved the s p e c i a l 

p r o p e r t i e s of the microgametophyte and the way i n which syngamy i s 

achieved by the growth of the p o l l e n tube through the t i s s u e s of the 

female f l o r a l p a r t s and' eventual r e l e a s e of the sperm n u c l e i i n t o the 

embryo sac . These methods may be grouped together as the P o l l e n Vector 

Theory. 

Of these only ovule c u l t u r e (Beasely and Jensen 1985) i n v o l v e s 

r e s o r t to a r t i f i c i a l c u l t u r e c o n d i t i o n s . T h i s technique i n v o l v e s 

s u r g i c a l removal of the ovule f o r purposes of manipulation 

( m i c r o i n j e c t i o n f o r i n s t a n c e ) . Unfortunately, t h i s introduces a large 

measure of the d i s r u p t i o n which i t i s necessary t o avoid, as r e 

i m p l a n t a t i o n i s v i r t u a l l y impossible. The r e s u l t i n g n e c e s s i t y to r e s o r t 

to a r t i f i c i a l c u l t u r e more properly p l a c e s t h i s technique with the 

p r e v i o u s methods d i s c u s s e d , as although i t does not depend on 

t o t i p o t e n c y , i t does i n v o l v e development which may be aberrant due to 

the s t r e s s of a r t i f i c i a l c u l t u r e . 



The remaining p o t e n t i a l methods a l l depend upon P o l l e n Vector 

Theory. Thus, f o r i n s t a n c e , some s u c c e s s has been claimed f o r d i r e c t 

m i c r o i n j e c t i o n of n u c l e i c a c i d i n t o the ovary or embryo sac (Hepher'et 

a l 1985; S t e i n b i s s et a l 1985; Nu et a l 1980; Soyfer 1980). The hope i s 

t h a t the exogenous n u c l e i c a c i d , i f present i n s u f f i c i e n t quantity, may 

be taken up during the e n t r y of the p o l l e n tube i n t o the embryo sac. 

T h i s seems i n t u i t i v e l y to be a r a t h e r o p t i m i s t i c approach as there are 

p o t e n t i a l l y s e v e r a l membrane or t i s s u e b a r r i e r s to the uptake of the 

n u c l e i c a c i d . The s u c c e s s claimed by some workers using i n j e c t i o n of 

RNA (Nu e t a l 1980), i s based on some r a t h e r poor assay methods and 

other workers have been unable to obtain transformation by t h i s method 

to date (Hepher et a l 1985; S t e i n b i s s et a l 1985). 

A s i m i l a r method has approached the i n j e c t i o n idea by t r y i n g to use 

p o l l e n tubes immediately post f u s i o n with the embryo sac as a p o t e n t i a l 

e n t r y point f o r DNA (Zhou e t a l 1983). T h i s c e r t a i n l y seems a p l a u s i b l e 

method a s presumably the breach of the embryo s a c and subsequent 

emptying of the p o l l e n tube does b r i e f l y c r e a t e a d i r e c t 'tube' i n t o the 

embryo s a c . Some s u c c e s s with t h i s technique has been reported, again 

by Chinese workers, using i n j e c t i o n of whole p u r i f i e d DNA from a donor 

s t r a i n , and subsequent s c o r i n g f o r p l a n t s grown from the r e s u l t i n g seed 

f o r t r a n s f o r m a t i o n to donor phenotype f o r a number of t r a i t s . 

I t seems th a t the a r t of timing and t a r g e t t i n g the i n j e c t i o n 

a p p r o p r i a t e l y , along with the observable formation of c a l l o s e plugs i n 

p o l l e n tubes of many s p e c i e s may make t h i s a technique s i n g u l a r l y 

d i f f i c u l t to reproduce i n a general way over a whole range of s p e c i e s . 

However, f u r t h e r e x p l o r a t i o n of the technique i s probably warranted. 



One of the most a t t r a c t i v e approaches c u r r e n t l y under i n v e s t i g a t i o n 

i s the use of a c t i v e p o l l e n as a v e c t o r f o r the exogenous DNA (Hepher et 

a l 1985; Hess, D r e s s i e r and Konle 1985; Pandey 1980; Pandey and Phung 

1982; Werner e t a l 1984; De Wet et a l 1985; Snape et a l 1983; Powell, 

C a l i g a r i and Haytor 1983), T h i s i s s i m i l a r i n p r i n c i p l e to the l a s t 

method, but d i f f e r s i n t h a t the exogenous DM i s incorporated i n t o the 

p o l l e n tube, or even the germ c e l l s before the tube grows down through 

the s t y l e to fuse with the embryo sac. T h i s approach o f f e r s the 

p o s s i b i l i t y of l e a v i n g the female gametophyte and i t s supporting t i s s u e s 

completely i n s i t u , thereby c a u s i n g the minimum d i s r u p t i o n of the 

obviously very f i n e balance of c o n t r o l s r e q u i r e d f o r the s t a b l e 

development of the new sporophyte which w i l l become the plant whose 

genome we hope to have e f f e c t i v e l y engineered. 

Varying l e v e l s of achievement have been d e s c r i b e d i n t h i s f i e l d . A 

number of demonstrations of the p o s s i b i l i t y of ' p s e u d o - f e r t i l i s a t i o n ' by 

i r r a d i a t e d p o l l e n and subsequent development of a pathenogenetic 

sporophyte p a r t i a l l y transformed by the fragmented DM of the 'pseudo-

f e r t i l i s i n g ' i r r a d i a t e d p o l l e n have been made (Pandey 1980; Pandey and 

Phung 1982; Werner et a l 1984; Snape et a l 1983; Powell, C a l i g a r i and 

Hayter 1983), These provide an i n t e r e s t i n g i n s i g h t i n t o what might be 

p o s s i b l e with p o l l e n , without r e a l l y providing a mechanism for c a r r y i n g 

exogenous g e n e t i c m a t e r i a l i n t o the progeny. Attempts to introduce 

exogenous DNA i n t o germinating p o l l e n tubes by m i c r o i n j e c t i o n , although 

o f f e r i n g a p o s s i b l e ' u n i v e r s a l method', with a high frequency of 

t r a n s f o r m a t i o n being t h e o r e t i c a l l y a t t a i n a b l e ( c f , animal experiments), 

have to date been u n s u c c e s s f u l (Hepher e t a l 1985; S t e i n b i s s et a l 

1985), These f a i l u r e s may, however, be r e p r e s e n t a t i v e of the 
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d i f f i c u l t i e s encountered i n e s t a b l i s h i n g e f f e c t i v e protocols, r a t h e r 

than any inherent t h e o r e t i c a l weakness i n the method, t h e r e f o r e 

continued e f f o r t s i n t h i s f i e l d a r e to be expected. 

Perhaps the most s u c c e s s f u l p o l l e n vector method to date seems to be 

t h a t of g e t t i n g f r e s h l y germinated p o l l e n g r a i n s to take up exogenous 

DNA i n a way analogous to t h a t used i n p r o t o p l a s t transformation (Hess, 

D r e s s i e r and Konle 1985; De Vet e t a l 1985; Hess e t a l 1974a; Hess e t a l 

1974b; Hess e t a l 1975a; Hess e t a l 1975b). The method i s based on 

a r e a s of naked p r o t o p l a s t a v a i l a b l e f o r transforming DNA due e i t h e r to 

undeveloped c e l l w a l l during e a r l y p o l l e n tube emergence (De Wet et a l 

1985), or to the e x i s t e n c e of a pore i n the c e l l w a ll at the t i p of the 

emergent tube i n the very e a r l y s t a g e s of tube elongation (Hess, 

D r e s s i e r and Konle 1985). E x p r e s s i o n of i n s e r t e d f o r e i g n genes and 

Mendelian t r a n s m i s s i o n to subsequent generations has been reported f o r 

v a r i o u s marker genes i n Zea mays,Petunia and Nicotiana (Hess, D r e s s i e r 

and Konle 1985). I f t h i s technique should prove to be u n i v e r s a l l y 

a p p l i c a b l e i t could go a long way to s o l v i n g the t e c h n i c a l problems of 

g e n e t i c e n g i n e e r i n g i n p l a n t s . 

One remaining idea f o r transformation of p l a n t s v i a p o l l e n v e c t o r s 

i s the l e s s w e l l e s t a b l i s h e d , but n e v e r t h e l e s s t h e o r e t i c a l l y a t t r a c t i v e 

p o s s i b i l i t y of f i n d i n g and a p p r o p r i a t e l y manipulating a p l a n t v i r a l 

s t r a i n capable of lysogeny. The f a c t that v i r u s e s may be t r a n s m i t t e d 

through both seed and p o l l e n i s w e l l e s t a b l i s h e d (Matthews, R. 1981). 

I f a s u i t a b l e v i r u s can be found and 'tamed' i n a way analogous to 

'phage X (lambda) i n E. c o l l a very e f f i c i e n t c loning/transformation 

system could be e s t a b l i s h e d u s i n g p o l l e n v e c t o r s and micropropagation 

techniques. 
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More r e c e n t l y a method has emerged whereby i n j e c t i o n of transforming 

DM i n t o the developing flower buds of rye at an appropriate stage of 

development (14 days before the f i r s t m i o t i c metaphase) has given r i s e 

to transformed o f f s p r i n g (de l a PeKa, L<5rz and S c h e l l 1987), I t i s not 

c l e a r whether i t i s the male or female germ c e l l s or both which are 

v u l n e r a b l e to transformation by t h i s method, although t h i s could perhaps 

be checked by a s s a y i n g germinating p o l l e n g r a i n s f o r expression of the 

marker gene. T h i s method p o t e n t i a l l y o f f e r s a simple and probably 

general method f o r transformation of c e r e a l p l a n t s , and i f i t can be 

repeated c o n s i s t e n t l y must be regarded a s a major breakthrough i n the 

f i e l d of a l t e r n a t i v e transformation systems not using Agrobacterium or 

p r o t o p l a s t regeneration. 

The i n t e r e s t of the author was i n examining some of these 

a l t e r n a t i v e t r a n s f o r m a t i o n systems, to determine whether reproducible 

r e s u l t s or e f f e c t i v e p r o t o c o l s could be e s t a b l i s h e d . Given the range of 

a l t e r n a t i v e s I t was d i f f i c u l t to a s s e s s e x a c t l y which d i r e c t i o n to take, 

however, on the b a s i s of t e c h n i c a l s i m p l i c i t y and the range of e x p e r t i s e 

and equipment e x i s t i n g w i t h i n the department, three a l t e r n a t i v e s were 

considered: a) the d i r e c t transformation of germinating p o l l e n g r a i n s ; 

b) m i c r o i n j e c t i o n of germinating p o l l e n tubes; and l a t t e r l y , c ) the 

i n j e c t i o n of transforming DM i n t o developing flower buds. Af t e r some 

examination of the l o g i s t i c d i f f i c u l t i e s a t tached to t r a n s f e r r i n g 

pregerminated p o l l e n g r a i n s , (which are a p r e r e q u i s i t e of 

m i c r o i n j e c t i o n ) back onto the stigma of the flower (or some s u r g i c a l l y 

reduced form of the female p a r t s ) so t h a t they may c a r r y out a normal 

f e r t i l i s a t i o n i t was decided t h a t anything more than an i n v e s t i g a t i o n 

i n t o the problems attached to s u c c e s s f u l m i c r o i n j e c t i o n would be beyond 
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the scope of t h i s s h o r t p r o j e c t . D i r e c t transformation of p o l l e n 

grains,however, i s a technique with w e l l defined p r o t o c o l s f o r maize, 

Petunia and N i c o t i a n a p l a n t s , f o r which some s u c c e s s with transformation 

have a l r e a d y been reported (De Wet et a l 1985, Hess and D r e s s i e r 1984, 

Hess et a l 1985). Also, Petunia and N i c o t i a n a are p l a n t s with growth 

c y c l e s s h o r t enough to go from seed to seed w i t h i n the time span 

a v a i l a b l e . I t was t h e r e f o r e decided to f o l l o w these p r o t o c o l s with a 

view to e s t a b l i s h i n g whether transformation could be achieved using a 

good marker gene f o r which exp r e s s i o n would be easy to demonstrate. 

Thus the methods of de Wet and Hess were followed i n d e t a i l , and the 

r e s u l t s are r e p o r t e d here. The gene s e l e c t e d as a marker was the EJ_ 

c o l i NPT I I gene (Kanamycin r e s i s t a n c e ) fused to a strong general 

promoter of p l a n t gene e x p r e s s i o n d e r i v e d from gene VI of the 

c a u l i f l o w e r mosaic v i r u s . 

T h i s c o n s t r u c t was c a r r i e d i n the PABDI plasmid which a l s o c a r r i e s 

an A m p i c i l l i n r e s i s t a n c e gene f o r s e l e c t i o n i n E. c o l i . As the 

experiments i n v o l v e d i n e v i t a b l y r e s u l t e d i n some time waiting f o r 

c r o s s e s made to produce mature seed, t h i s time was occupied l e a r n i n g the 

technique of embedding and s e c t i o n i n g p l a n t m a t e r i a l with a view to 

examining flower buds of Petunia. The aim of t h i s was to see whether 

the e q u i v a l e n t stage of development to t h a t used i n the rye experiments 

of Vaech et a l could be i d e n t i f i e d with the u l t i m a t e goal of 

e s t a b l i s h i n g a p r o t o c o l by which s i m i l a r experiments could be c a r r i e d 

out i n Petunia 
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CHAPTER 2 MATKRTALS AND METHODS 

1. Growth of P l a n t M a t e r i a l 

P e t u n i a hybrida cv 'Carousel' p l a n t s were grown from a commercial 

packet of seed s u p p l i e d by R and G Cuthbert, Upper Dee M i l l s , 

L l a n g o l l e n , Clywd, Nic o t l a n a e l a t a p l a n t s were grown from seed supplied 

by Dr P Gates, P l a n t s were sown i n i t i a l l y during February i n a growth 

roam, and subsequently i n two week s u c c e s s i o n s to ensure a supply of 

experimental m a t e r i a l . At the end of March a l l p l a n t s were t r a n s f e r r e d 

to the temperate s e c t i o n of the greenhouse of the B o t a n i c a l Gardens. 

Seeds were germinated i n i t i a l l y on s e v e r a l t h i c k n e s s e s of Whatman f i l t e r 

paper i n a p e t r i d i s h then p r i c k e d out I n t o 4" pots containing a 

commercial peat-based p a t t i n g compost s u p p l i e d by the s u p e r v i s o r at the 

B o t a n i c Gardens, The Petunia and Wicotiana p l a n t s commenced flowering 

about t e n weeks from the i n i t i a l sowing dates during the l a t t e r part of 

A p r i l , From t h i s date a continuous supply of flowering material was 

kept a v a i l a b l e . Notes were made concerning v a r i o u s morphological 

c h a r a c t e r s of the f l o w e r s grown, some of which have an e s t a b l i s h e d 

g e n e t i c b a s i s , as i t was f e l t t h a t t h i s information may be of some 

importance should any transformed o f f s p r i n g be obtained, 

2, Emasculation of Flowers 

Receptor (female) f l o w e r s f o r a l l experiments were emasculated by 

removal of a n t h e r s and p e t a l s from the r e c e p t o r flower buds about 1-2 

days p r i o r to a n t h e s i s . Although Hess (1978) suggests that t h i s should 

be done only 24 hours before the experimental p o l l i n a t i o n , preliminary 

experiments done by the author (see r e s u l t s ) suggested that t h i s was an 
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unnecessary precaution, as no d i f f e r e n c e was detectable i n wet 

p o l l i n a t i o n e f f i c i e n c i e s between flowers emasculated f o r up to 6 days 

before p o l l i n a t i o n occurred. 

3. PoUen germiuation 

T h i s was c a r r i e d out i n e i t h e r Brewbaker's (BB)(Brewbaker and Kwack 

1963) medium or F a n r i c h ' s (F) ( F a n r i c h 1964) medium according to the 

experimental p r o t o c o l . Formulae f o r these media are given i n Appendix 

2. 

4. Progeny seed propagation 

Progeny seeds were s u r f a c e s t e r i l i s e d by immersion i n 20% v/v of a 

commercial sodium h y p o c h l o r i t e s o l u t i o n ("chloros") f o r 20 minutes 

followed by two r i n s e s i n s t e r i l e d i s t i l l e d water. The seeds were then 

spread with 0.2-.4ml of s t e r i l e E-^O on 0.8% s t e r i l e agar containing a 

s l i g h t l y modified v e r s i o n of the medium of Wagner and Hess (1974). The 

formula f o r t h i s medium i s a l s o given i n Appendix 2. To the agar medium 

was added s t e r i l e Kanamycin sulphate s o l u t i o n <50mg/ml), to a f i n a l 

c o n c e n t r a t i o n v a r y i n g from 25/ig/ml to 200)ig/ml according to the 

experimental p r o t o c o l . 

The Kanamycin sulphate s o l u t i o n was p r e s t e r i l i s e d by pushing i t 

through a s t e r i l e 0.2ft b a c t e r i o l o g i c a l f i l t e r by syringe pressure, i n t o 

a p r e - s t e r i l i s e d McCartney b o t t l e . The s o l u t i o n was s t o r e d a t -20'='c 

( L i c h t e n s t e i n and Draper 1985). 

Recombinant DNA m a t e r i a l 

The p l a s m i a l used i n these experiments, pABDI, was k i n d l y supplied 

by Dr R. R. Croy. A r e s t r i c t i o n map of t h i s plasmid i s contained i n 

Appendix 1. The s a l i e n t f e a t u r e s of t h i s 5.4kb plasmid are the presence 

of the E. c o l i NPT I I gene which when expressed conveys r e s i s t a n c e to 
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the amino g l y c o c i d e a n t i b i o t i c Kanamycin. T h i s gene i s fused at the 5' 

end to a strong, general p l a n t promoter from the CaMV gene VI and a t the 

3' to a sequence c o n t a i n i n g the poly A s i g n a l from the CaMV gene VI. 

These f e a t u r e s should ensure e f f i c i e n t e x p r e s s i o n of t h i s c o n s t r u c t i f 

i n s e r t e d i n a p l a n t genome. An a m p i c i l l i n r e s i s t a n c e gene and o r i g i n of 

r e p l i c a t i o n d e r i v e d from plasmid pMBI f a c i l i t a t e s s e l e c t i o n and 

a m p l i f i c a t i o n of t h i s plasmid i n E. c o l i . 

S e l e c t e d r e s t r i c t i o n d i g e s t s were c a r r i e d out on small samples from 

the batches of pABDI s u p p l i e d to ensure t h a t the p a t t e r n s obtained were 

c o n s i s t e n t with the r e s t r i c t i o n map of the plasmid. T h i s confirmation 

was obtained by running the d i g e s t s on 0.8% agarose g e l s c o n t a i n i n g 

ethidium bromide, a g a i n s t samples c o n t a i n i n g a standard s i z e marker 

d i g e s t (X Hind I I I or X P s t I d i g e s t s ) . 

5. R e s t r i c t i o n a n a l y s i s of pABDI 

(a) R e s t r i c t i o n s were s e t up such t h a t 4 . . /Jil of r e s t r i c t i o n b u f f e r 

was made up to 20 p.1 t o t a l volume c o n t a i n i n g 5 u n i t s of enzyme and about 

1 /ig of DM. The mixtures were incubated f o r 3 hours at 37°c and 

stopped by i n c u b a t i n g f o r 5 minutes at yO-̂ -c. 

<b) Gel e l e c t r o p h o r e s i s . 1.6g of agarose was d i s s o l v e d i n 180 cm^ 

of d i s t i l l e d water by b o i l i n g . The g e l s o l u t i o n was cooled to about 

70'='c when 20cm^' of s t o c k e l e c t r o p h o r e s i s b u f f e r and 20p.l of stock 

e thidium bromide s o l u t i o n were added. The g e l was cooled f u r t h e r , then 

poured i n t o a mould with a t w e l v e - s l o t sample comb i n p o s i t i o n about 3cm 

from the end of the g e l . Equal volumes (10;J1) of each r e s t r i c t i o n 

mixture and stop dye were mixed and loaded i n t o i n d i v i d u a l sample s l o t s 

on the g e l . The g e l was run overnight at 50U and 40mA. The bands were 

v i s u a l i s e d under U.V. i l l u m i n a t i o n and photographed. 
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6. Transformation experimenta 

These were c a r r i e d out according to e i t h e r the method of Hess 1978 

or the method of de Wet 1985. I n the case of de Wet's method, c e r t a i n 

m o d i f i c a t i o n s have been made to adapt the method which was o r i g i n a l l y 

designed f o r Zea mays to make i t more s u i t a b l e f o r Petunia and 

S i c o t i a n a . Hess's method however was o r i g i n a l l y described f o r Petunia 

and Wicotiana and has been followed as e x a c t l y as p o s s i b l e , 

(a) de Wet's method (modified) 

200;il of BB medium was added to about 12 f r e s h l y dehisced anthers i n 

a sample b o t t l e . The mixture was a g i t a t e d with a p i p e t t e t i p to loosen 

the p o l l e n g r a i n s , and the b o t t l e p l a c e d a t an angle to allow s e t t l i n g 

of the p o l l e n g r a i n s i n the angle between the base and wall of the 

b o t t l e . 29juil of the r e s u l t i n g germination medium plus sedimented p o l l e n 

g r a i n s was removed i n t o a s t e r i l e Eppendorf tube. T h i s r e s u l t e d i n a 

high c o n c e n t r a t i o n of p o l l e n g r a i n s i n the mixture. The p o l l e n g r a i n s 

were allowed to continue imbibing f o r two minutes, then Ijil of pABDI at 

5mg//il was added, r e s u l t i n g i n a f i n a l c o n c e n t r a t i o n of pABDI i n the 

mixture of 165/ig/ml. The p o l l e n was allowed to continue germinating f o r 

a f u r t h e r twelve minutes before p o l l i n a t i o n s commenced. A drop of 3-4 

/xl of the p o l l e n suspension was then p l a c e d on the stigmas of p r e v i o u s l y 

emasculated f l o w e r s and allowed to dry overnight i n the lab. The p l a n t s 

were then returned to the greenhouse and observed f o r s u c c e s s f u l seed 

s e t . 

I n the i n i t i a l experimental c r o s s e s s u c c e s s f u l germination of the 

p o l l e n was monitored by e x c i s i n g the stigma and s t y l e a f t e r about 4 days 

and examining a squashed p r e p a r a t i o n s t a i n e d with a n i l i n e blue using 

e p i f l u o r e s c e n c e U.V. microscopy. T h i s technique s p e c i f i c a l l y s t a i n s the 
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c a l l o s e component of p o l l e n tube w a l l s and plugs, thereby f a c i l i t a t i n g 

o b s e r v a t i o n of the tubes. 

T h i s was l a t e r abandoned as i t was not an a b s o l u t e l y r e l i a b l e 

i n d i c a t o r of seed s e t , and because of d i f f e r e n t r a t e s of p o l l e n tube 

growth i n d i f f e r e n t c r o s s e s i t was f e l t t h a t i n some c a s e s s u c c e s s f u l 

seed s e t had been preempted by e x c i s i n g the s t y l e s too soon. 

Control experiments were done by making s i m i l a r c r o s s e s omitting the 

pABI s o l u t i o n from the p o l l e n germination medium, 

(b) Hess' method 

For t h i s method a n t h e r s were c o l l e c t e d 1-2 days before dehiscence. 

pABDI was added to 200/il F a n r i c h ' s p o l l e n germination medium to a f i n a l 

c o n c e n t r a t i o n of 165;ig/ml. The p o l l e n germination medium a l s o contained 

50;ig/ml a m p i c i l l i n to i n h i b i t b a c t e r i a l growth during the incubation 

period. T h i s was a s l i g h t m o d i f i c a t i o n of the o r i g i n a l method which 

u t i l i s e d a m p i c i l l i n and c l o x a c i l l i n i n the medium. However, c l o x a c i l l i n 

was not a v a i l a b l e i n the department, and examination of the a c t i v i t y 

spectrum of the a n t i b i o t i c suggested t h a t omission r a t h e r than 

s u b s t i t u t i o n would not s e r i o u s l y j e o p a r d i s e the outcome of the 

experiments. 

To t h i s 200/jil of i n c u b a t i o n medium were added 20-25 of the c o l l e c t e d 

a n thers. These were squashed g e n t l y to ensure a c c e s s of the medium to 

the p o l l e n g r a i n s and the mixture was incubat^d^at 27'='c i n the dark i n a 

g e n t l y shaking waterbath. 

The experimental c r o s s e s were then made by p l a c i n g one squashed 

anther p l u s an a d d i t i o n a l drop of the remaining p o l l e n suspension on to 

each stigma, Seed s e t was recorded as before and seed c o l l e c t e d from 

each s u c c e s s f u l c r o s s . 
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7. Experiments on flower bud development 

(a) Tijae Scale of bud development. 

T h i s was estimated by tagging ten buds from a few d i f f e r e n t p l a n t s 

a t the e a r l i e s t time when d e f i n i t e commitment to flower formation could 

be d e t e c t e d by eye. Notes were made on the stage of development through 

to opening of the bud i n t o a mature flower. 

C e l l u l a r events during bud developmsnts 

C e l l u l a r events were followed by h a r v e s t i n g buds, which could be 

pla c e d i n the es t i m a t e d time s c a l e according to t h e i r s i z e , and wax 

embedding, s e c t i o n i n g , s t a i n i n g and observing using standard Kohler 

o p t i c s l i g h t microscopy. 

(b) P r o t o c o l f o r wax embedding 

The buds were f i x e d i n 1.5% paraformaldehyde 2-5% gultaraldehyde i n 

0.05M ca c o d y l a t e b u f f e r , f o r s e v e r a l days a t room temperature, then 

washed i n three changes of cacodylate buffer. Dehydration was achieved 

through a s e r i e s of 12.5%, 25%, 50%, 70%, 90%, 100%, dry 100% ethanol 

s o l u t i o n , g i v i n g 2 changes i n each s o l u t i o n a t 15 minute i n t e r v a l s f o r 

the 12.5%, 25% and 50% stages and at 30 minute i n t e r v a l s f o r the 

subsequent s t a g e s . A f u r t h e r two changes were made i n a s o l u t i o n 

c o n t a i n i n g 1 p a r t ethanol to 1 part of the commercial wax sol v e n t 

H i s t o s o l . The buds were then l e f t overnight i n pure h i s t o s o l . The 

s o l u t i o n was changed the f o l l o w i n g morning and during the course of the 

day wax shavings were added throughout the day. (The sample b o t t l e was 

kept hand-hot during t h i s process to a i d d i s s o l u t i o n of the wax. ) Over 

the next four days the buds were s u b j e c t e d to 7 changes of pure 

h i s t o p l a s t wax, being maintained a t 56°c i n an oven dedicated to t h i s 

purpose during the process. On the morning of the fourth day the l a s t 

18 



change of wax was made, and the buds were f i n a l l y embedded i n the 

afternoon. T h i s l a s t s t e p i s achieved by p u t t i n g f r e s h h i s t o p l a s t wax 

i n t o a t r a y d i v i d e d i n t o c u b i c a l s e c t i o n s ( r a t h e r l i k e an ice-cube t r a y 

from a domestic f r i d g e ) and, maintaining t h i s i n a just-melted s t a t e on 

a hot p l a t e , q u i c k l y removing the i n f i l t r a t e d buds from the oven and 

s e t t i n g them at an appropriate o r i e n t a t i o n i n the cubes of new wax. The 

t r a y was then removed from the hot p l a t e and l e f t to s e t hard on an i c e -

t r a y , 

( c ) Sectioning 

S e c t i o n i n g was c a r r i e d out on a L e i t z microtome. The embedded buds 

with the wax blocks a p p r o p r i a t e l y trimmed were 'glued' to a wooden block 

u s i n g molten wax f o r f i x i n g to the microtome sample clamp. - S e c t i o n s 

were cut a t lO/a t h i c k n e s s , and the r e s u l t i n g ribbons f l o a t e d onto 

degreased, c l e a n g l a s s s l i d e s and allowed to dry under gentle heat. 

(d) S t a i n i n g and microscopy 

The prepared s e c t i o n s were dewaxed and rehydrated by a procedure 

adapted form O'Brien and McCully (1981) which involved two 5-minute 

passages through each of h i s t o s o l (xylene i n O'Brien and McCully), 100% 

ethanol, 95% ethanol, 70% ethanol, 50% ethanol, 30% ethanol, d i s t i l l e d 

water. The s e c t i o n s were then s t a i n e d i n Aceto-orcein (5 minutes), 

washed and c o v e r s l i p p e d and examined under Kohler i l l u m i n a t i o n f o r the 

d i v i s i o n s t a g e s i n v o l v e d i n gametogenesis. 
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CHAPTER 3 RESULTS 

PART I 

TRATTSPORMATinW KyPERIMl?NTS 

(a) P o l l e n pregermination experiments 

These were c a r r i e d out to ensure t h a t p o l l e n of Petunia and 

g i c o t a n l a would germinate s a t i s f a c t o r i l y i n the media to be used and to 

e s t a b l i s h some i d e a of the time s c a l e involved. 

P o l l e n c o l l e c t e d from f r e s h l y dehisced anthers were pregerminated i n 

e i t h e r BB or F medium, e i t h e r i n a lOpl drop of medium on a c o v e r s l i p , 

or i n a 10/il drop contained i n a w e l l of a m i c r o t i t r e p l a t e . P o l l e n was 

observed a t r e g u l a r time i n t e r v a l s using Nomorski o p t i c a l microscopy and 

the outcome of a t y p i c a l experiment i s i l l u s t r a t e d i n p l a t e 1, 

I t was found t h a t p o l l e n of both s p e c i e s of plant germinated quite 

s a t i s f a c t o r i l y i n both media. The growth r a t e s were not measured 

c r i t i c a l l y , however, i t was apparent t h a t both the source of p o l l e n and 

i t s l e v e l of maturity had a s u b s t a n t i a l e f f e c t on the l a g time before 

germination commenced. 

For t h i s reason, i t was decided to t r y so f a r as p o s s i b l e to l i m i t 

the p o l l e n parents to a few p l a n t s to minimise the p o t e n t i a l e f f e c t of 

t h i s v a r i a b i l i t y on f u t u r e experiments. Along with t h i s , great care was 

taken to c o l l e c t p o l l e n w i t h i n a very few hours of complete dehiscence 

of the anthers, except f o r the experiments using Hess' methods which 

r e q u i r e d h a r v e s t i n g of anth e r s j u s t before dehiscence. 
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(b> Assay f o r vigorous c r o s s e s u.'̂ l.ng pregerminated p o l l e n 

A few random c r o s s e s using dry p o l l e n had i l l u s t r a t e d the f a c t that 

not a l l p o s s i b l e c r o s s e s would be v i a b l e , presumably due to 

i n c o m p a t a b i l i t y mechanisms. Therefore, i t was decided to assay the 

experimental p l a n t s f o r those c r o s s e s which work w e l l using 

pregerminated p o l l e n . A r e s t r i c t e d number of p o l l e n parents were 

c r o s s e d to as many of the remaining p l a n t s a s p o s s i b l e to i d e n t i f y 

v i a b l e c r o s s e s . P o l l e n was pregerminated as d e s c r i b e d above i n 

m i c r o t i t r e p l a t e s and observed f o r s i g n s of germination. When 

approximately 10% of the g r a i n s showed s i g n s of germination, p o l l i n a t i o n 

was undertaken by p l a c i n g a 3-Ap.l drop of p o l l e n suspended i n the 

germination medium on the r e c e i v i n g stigma. S u c c e s s f u l p o l l i n a t i o n was 

assayed by h a r v e s t i n g the stigma and s t y l e 3-4 days a f t e r p o l l i n a t i o n , 

making a n i l i n e blue s t a i n e d squash pr e p a r a t i o n s and v i s u a l i s i n g the 

growing p o l l e n tubes by U.V. e p i f l u o r e s c e n c e microscopy. 

The r e s u l t s f o r Petunia and CTicotania are shown i n t a b l e s 1 and 2 

r e s p e c t i v e l y . Table 3 shows the Petunia r e s u l t s analysed i n terms of 

s u c c e s s of p o l l i n a t i o n r e l a t i v e to the age of the emasculated flower. 

I t can be seen t h a t no s i g n i f i c a n t d i f f e r e n c e s are observable. 

Good r e c i p i e n t P e t u n i a p l a n t s were i d e n t i f i e d from these c r o s s e s as 

P2, P3 and P7. Subsequent demonstration of good seed s e t despite 

e q u i v o c a l performance i n the above experiment a l s o l e d to the use of PI, 

P6, P13, P14 and P16 i n experimental c r o s s e s . On the b a s i s of l a c k of 

seed s e t d e s p i t e good p o l l e n germination, P3 was d i s c a r d e d as a 

p o t e n t i a l r e c i p i e n t . These p l a n t s were used i n the experiments 

i n v e s t i g a t i n g De Wet's method, with P20 and P21 a s p o l l e n donors. A 

s i m i l a r experiment allowed P5, P8, P9 and P12 to be i d e n t i f i e d as 
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p o t e n t i a l r e c i p i e n t s f o r the experiments i n v e s t i g a t i n g Hess' method 

u s i n g P3 and P8 as p o l l e n parents. 

I n c o m p a t i b i l i t y and v a r i a b l e vigour of c r o s s e s g e n e r a l l y seems to be 

l e s s of a problem with the ?flcQtania p l a n t s . However, T l was i d e n t i f i e d 

as a p p a r e n t l y unable to r e c e i v e pregerminated p o l l e n from a l l four 

donors t r i e d . The other c r o s s e s t r i e d a l l worked w e l l . T l was 

t h e r e f o r e e l i m i n a t e d as a experimental p l a n t and the experimental 

c r o s s e s were r e s t r i c t e d to the other s i x p l a n t s (see t a b l e 2 ) . 

I n g e n e r a l , the foregoing experiment i s f a i r l y s p e c u l a t i v e with 

i n s u f f i c i e n t data f o r many c r o s s e s f o r f i r m c o n c l u s i o n s to be drawn 

about v i a b i l i t y . However, i t must be r e a l i s e d that the o b j e c t i v e was 

not e x h a u s t i v e i n v e s t i g a t i o n of i n c o m p a t a b i l i t y i n Petunia or Nicotania. 

but to i d e n t i f y a useable number of v i a b l e c r o s s e s so that experimental 

m a t e r i a l was not wasted on c r o s s e s doomed to f a i l u r e from the outset. 

(For i n s t a n c e , i f one had assumed no such problems and used T l as an 

experimental r e c i p i e n t , a l a r g e amount of m a t e r i a l could have been 

wasted with no prospect of s u c c e s s . ) 

(c ) Experiment to e s t a b l i s h whether p o l l i n a t i o n could be achieved by 

a p p l y i n g pregerminated p o l l e n d i r e c t l y to the cut s u r f a c e of the ovary 

f o l l o w i n g e x c i s i o n of the stigma and the s t y l e i n Petunia flowers. 

F o l l o w i n g d i s c u s s i o n with Dr Gates, t h i s experiment was attempted 

which, i f s u c c e s s f u l , o f f e r e d two p o t e n t i a l advantages; (a) the 

p o s s i b i l i t y of overcoming some i n c o m p a t a b i l i t y b a r r i e r s ; and (b) the 

p o s s i b i l i t y of improving the vigour of c r o s s e s done with pregerminated 

p o l l e n by reducing the amount of t i s s u e p e n e t r a t i o n which the growing 

p o l l e n tubes must achieve to give s u c c e s s f u l t r a n s f e r of germ n u c l e i to 

the embryo sac. 
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J u s t p r i o r to a p p l i c a t i o n of the pregerminated pollen, the stigma 

and s t y l e were e x c i s e d from the p r e v i o u s l y emasculated receptor flower, 

l e a v i n g a cut s u r f a c e of approximately s i m i l a r dimensions to the stigma 

s u r f a c e . A 3-4jul drop of p o l l e n pregerminated i n Brewbaker's medium i n 

a m i c r o t i t r e p l a t e , a s p r e v i o u s l y described, was a p p l i e d to the cut 

s u r f a c e . The f l o w e r s were l e f t f o r about 6 hours f o r the drop to dry 

and then the cut s u r f a c e was s e a l e d with high vacuum s i l i c o n e grease. 

Buds were observed f o r s u c c e s s f u l seed s e t , a s i n d i c a t e d by s w e l l i n g of 

the bud and r e t e n t i o n of the green c o l o u r of the s u r f a c e . Hon-

s u c c e s s f u l buds s h r i v e l and go brown w i t h i n about two weeks. The 

r e s u l t s a r e presented i n Table 4. 

I t can be seen t h a t only one c r o s s out of nineteen made succeeded. 

I t was concluded t h e r e f o r e that' no advantage could be gained by pursuing 

t h i s method. 

(d) Experiment to e s t a b l i s h appropriate l e v e l s of Kanamycin s e l e c t i o n 

Although i t was known th a t s e l e c t i o n f o r kanamycin r e s i s t a n c e i n 

other experiments c a r r i e d out i n the department was g e n e r a l l y c a r r i e d 

out a t c o n c e n t r a t i o n s of around 100/ig/ml of kanamycin i n the medium, 

these experiments were u s u a l l y of the t i s s u e c u l t u r e type and done with 

more h i g h l y inbred s t r a i n s than those used i n my experiments. 

Therefore, i t seemed wise to take the precaution of e s t a b l i s h i n g an 

appropriate l e v e l f o r s c r e e n i n g my seed by experiment. T h i s was 

undertaken by s e t t i n g up p l a t e s of agar medium c o n t a i n i n g 0, 25, 50, 100 

and 200 /ig/ml c o n c e n t r a t i o n s of kanamycin and p l a n t i n g out seed 

c o l l e c t e d from s i m i l a r c r o s s e s to those used e x p e r i m e n t a l l y to assay (a) 

f o r an a p propriate l e v e l of kanamycin s u f f i c i e n t to s c r e e n out any low-

l e v e l v a r i a t i o n of i n t r i n s i c r e s i s t a n c e due to v a r i a t i o n of g e n e t i c 
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background (important as these experiments were a l l done as out-

c r o s s e s ) ; and (b) to e s t a b l i s h i f any s i g n i f i c a n t background of high-

l e v e l r e s i s t a n c e to kanamycin e x i s t e d i n the seeds used. The r e s u l t s 

showed t h a t some r e s i s t a n c e i s apparent to a l l l e v e l s of kanamycin i n 

the sense t h a t the seeds germinate and grow to the hypocotyl stage at 

a l l c o n c e n t r a t i o n s of kanamycin used. However, i t i s extremely apparent 

t h a t a l l l e v e l s of kanamycin i n h i b i t f u r t h e r growth to some extent, and 

t h a t once the l e v e l of lOOjjg/ml i s reached, f u r t h e r i n h i b i t i o n i s not 

d e t e c t a b l e i n the 200jig/ml p l a t e s . The e f f e c t i s most s t r i k i n g when 

examined i n terms of root growth (see p l a t e s 4 and 5) which i s stopped 

completely when the r o o t s reach about 1cm length on the kanamycin 

c o n t a i n i n g p l a t e s , but which i s e x t e n s i v e (many can grow wit h i n 14-20 

days) on the c o n t r o l p l a t e s not•containing kanamycin. 

As a r e s u l t of these experiments, i t was decided that lOOfig/ml 

kanamycin was an appropriate l e v e l of a n t i b i o t i c f o r s c r e e n i n g of the 

experimental seeds, a s t h i s l e v e l seems to be the lowest l e v e l which 

g i v e s complete I n h i b i t i o n of root growth i n a l l non-transformed p l a n t s . 

Thus t h i s l e v e l of s e l e c t i o n should be s u f f i c i e n t to give the maximum 

chance of f i n d i n g a transformed i n d i v i d u a l , i . e . a s low a l e v e l a s 

p o s s i b l e t o maximise t h i s chance, while being s u f f i c i e n t l y high to avoid 

the i n c l u s i o n of too many p l a n t s w i t h i n the higher reaches of the normal 

d i s t r i b u t i o n of n a t u r a l r e s i s t a n c e i n the c l a s s of p u t a t i v e 

transformants. 

(e) Transformation experiments 

Having e s t a b l i s h e d (see above) t h a t s u c c e s s f u l p o l l i n a t i o n s were 

a c h i e v a b l e u s i n g pregerminated p o l l e n and which c r o s s e s were mostly 
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l i k e l y to succeed, the next step was to attempt to reproduce Hess' and 

De Wet's methods i n the experimental m a t e r i a l . 

Experimental c r o s s e s were ther e f o r e s e t up u t i l i s i n g these methods 

and u s i n g pABDI as the p o t e n t i a l transforming agent. I n i t i a l l y 

s u c c e s s f u l p o l l i n a t i o n was monitored using the a n i l i n e blue s t a i n to 

monitor p o l l e n tube growth by e x c i s i n g the stigma and s t y l e and doing 

squash p r e p a r a t i o n . The r e s u l t s of some of these are shown i n p l a t e s 2 

and 3. However i t was n o t i c e d a f t e r the f i r s t two experiments that (a) 

obse r v a t i o n of s u c c e s s f u l tube growth was not a guarantee of seed s e t 

(nor to a l e s s e r extent d i d f a i l u r e to observe growth guarantee f a i l e d 

seed s e t ) , and (b) I f e l t that on at l e a s t some occasions, due to the 

v a r i a b l e nature of the r a t i o of p o l l e n tube development, I may have 

a c t u a l l y pre-empted s u c c e s s f u l seed s e t by e x c i s i n g the stigma and s t y l e 

too e a r l y . T h i s method was t h e r e f o r e abandoned i n favour of waiting to 

see i f seed s e t occurred. 

De Wet's method was attempted f i r s t , as i t s grea t e r t e c h n i c a l 

s i m p l i c i t y makes i t the more a t t r a c t i v e candidate f o r a general method. 

The t a b l e s 5-7 show the c r o s s e s made and the l e v e l s of success obtained 

f o r both de Wet's and Hess' method as a p p l i e d to Petunia. Tables 8-10 

show s i m i l a r r e s u l t s f o r Nicotania. In a l l c a s e s c o n t r o l c r o s s e s were 

made us i n g pregerminated p o l l e n t r e a t e d i n an i d e n t i c a l manner but 

without pABDI i n the mixture. I t was not f e l t necessary to include 

a l t e r n a t i v e DNA i n the mixture as i n both De Wet's and Hess' experiments 

as the s o u g h t - a f t e r e f f e c t should be c l e a r cut ( i . e . Kanamycin 

r e s i s t a n c e ) and presence of the plasmid DNA i n p u t a t i v e transformants 

would be confirmable by probing DNA prepared from the t r a n s f ormants 

using n i c k t r a n s l a t e d pABDI as a probe, i n Southern b l o t t i n g 
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experiments. Thus any r e s i s t a n c e observed should be e a s i l y i d e n t i f i a b l e 

and u n l i k e l y to be an e f f e c t brought about by a n o n - s p e c i f i c e f f e c t of 

the DM treatment. 

Seed from the s u c c e s s f u l c r o s s e s was c o l l e c t e d f a s t i d i o u s l y and 

screened f o r Kanamycin r e s i s t a n c e at 100/ig/ml concentration of Kanamycin 

i n the medium. Control c r o s s e s were used to s e t up c o n t r o l p l a t e s with 

and without kanamycin, which were used as a standard a g a i n s t which to 

judge the experimental seed. The comparison of these c o n t r o l p l a t e s 

i l l u s t r a t i n g to c l e a r - c u t nature of the s e l e c t i o n i s shown i n p l a t e 5. 

The r e s u l t s of these s c r e e n i n g experiments, showing the numbers of 

seed screened, the percentage germination and the numbers of 

transformants obtained are shown i n t a b l e s 7 and 10. 

Unfortunately, some problems were encountered with contamination 

during the seed s c r e e n i n g and a s u b s t a n t i a l proportion of the seeds were 

l o s t p a r t i c u l a r l y i n the experiment i n v e s t i g a t i n g Hess' method i n 

Petunia. I n s t r i c t accordance with Parkinson's Law, t h i s happened to be 

the experiment f o r which l e a s t experimental seed was obtained i n the 

f i r s t p l a c e , and t h e r e f o r e the r e s u l t i n g number s u c c e s s f u l l y screened i n 

t h i s experiment i s too low f o r u s e f u l c o n c l u s i o n s to be drawn. In other 

circumstances, i t would have been simple enough to repeat t h i s 

experiment, but i n t h i s short p r o j e c t the w a i t i n g time would have been 

unacceptable. 
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PART TWO: BUD DEVELOPMENT EXPERIMENT 

The o b s e r v a t i o n s made of bud development may be summarised i n terms 

of counting back from the day of a n t h e s i s and the r e s u l t s are shown i n 

Table 11. 

These o b s e r v a t i o n s have been c o r r e l a t e d with a s e r i e s of 

photomicrographs of wax embedded s e c t i o n s of the developing flower buds 

and anthers. I t was found that the meiosis which gi v e s r i s e to the 

p o l l e n t e t r a d s occurs when the bud has recog n i s a b l e p e t a l s approximately 

1cm i n length. The p o l l e n t e t r a d s are produced i n a continuous way from 

the microsporocytes over a short period of time when the bud i s t h i s 

s i z e . The c e l l s a t d i f f e r e n t stages of meiosis occur over a period of 

about four days a t about 15 days before a n t h e s i s . P l a t e 4 shows these 

c e l l s being produced from the p o l l e n mother c e l l s (microsporocytes), 

these are the l a y e r of c e l l s showing i n t e n s e d i v i s i o n a c t i v i t y . Various 

types of meioti.c d i v i s i o n are apparent. P l a t e 5 shows the f i n a l 

appearance of the t e t r a d s before they separate i n t o the haploid 

microspores. 
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Table 1 

C r o s s e s made and proportion of s u c c e s s f u l p o l l e n germination i n Petunia 

p l a n t s . 

P o l l e n Parent 

P20 

Female No. of S u c c e s s f u l No, of 

R e c i p i e n t f l o w e r s germination f l o w e r s 

P21 

S u c c e s s f u l 

germination 

1 - - 1 0 

2 3 3 4 4 

3 3 3. . 1 1 

4 - - 1 0 

5 - - 1 1 

6 2 1 2 1 

7 4 4 4 2 

8 - - 1 0 

10 4 0 2 0 

11 1 0 1 1 

12 1 1 - -

13 2 0 1 0 

14 - - 1 0 

15 - - 1 1 

16 1 0 - -

18 2 2 - -

s 23 14 21 11 
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Table 2 

Cr o s s e s made and proportion of s u c c e s s f u l p o l l e n germination i n 

NicQtanla p l a n t s . 

P o l l e n Parent 

Female T l T2 T4 T6 T7 

R e c i p i e n t N S N S N S N S N S 

1 2 0 1 0 2 0 3 0 - -

3 2 1 2 2 2 2 5 5 - -

4 2 2 2 1 - - - - 4 2 

5 2 2 3 3 2 2 - - - -

6 1 1 2 2 1 1 - - - -

7 2 2 2 . 2 3 3 2 1 3 1 

Table 3. 

Su c c e s s of Petunia c r o s s e s r e l a t e d to age of female flower on date of 

p o l l i n a t i o n . 

Days emasculated P o l l e n Number of Number of % suc c e s s 

p r i o r to Parent c r o s s e s s u c c e s s e s 

p o l l i n a t i o n 

3-5 P20 15 8 

P21 10 7 70 

0-2 P20 16 9 

P21 10 4 40 
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Table 4. 

Crosses made and p r o p o r t i o n of successful seed set i n experiments w i t l i 

e x c i s i n g the stigma and s t y l e p r i o r t o p o l l i n a t i o n 

Pollen Parent 

P20 P21 

Female No. of Successful No. of Successful 

r e c i p i e n t flowers seed set flowers seed set 

1 - - 1 0 

3 3 0 1 0 

4 1 0 1 0 

6 - - 1 1 

7 2 0 1 0 

11 - • - 1 0 

12 1 0 - -

16 1 0 2 0 

17 1 0 - -

• 19 1 0 1 0 

Totals 10 0 9 0 
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Experimental and Control Crosses made t o i n v e s t i g a t e De Wet's Method i n 

Petunia 

Pollen Parent 

P20 P21 

Female No. of Successful No. of Successful 

r e c i p i e n t flowers seed set flowers seed set 

1 5 5 - -

2 6 3 - -

6 - - 5 2 

7 1 1 3 2 

13 7 2 - -

14 5 4 

16 5 3 - -

Totals 29 . 18 8 4 

Controls 

2 2 2 - -

6 - - 2 1 

7 1 0 1 1 

13 2 1 

16 1 1 - -

Tot a l s 6 4 3 2 
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TaUe 6 

Experimental and Control Crosses made t o i n v e s t i g a t e Hess' Method i n 

Fstunia 

Pollen Parent 

P3 P8 

Female N Successful No. of Successful 

r e c i p i e n t f l o w e r s seed set flowers seed set 

3 5 0 

5 5 0 4 0 

8 5 0 5 3 

9 5 0 4 3 

12 2 0 2 2 

Tota l s 22 0 15 8 

Talkie 7 

Number of Seeds screened f o r Kanamycin Resistance i n Petunia Experiments 

Method Number Number germinated Number of 

pl a t e d <%) r e s i s t a n t plants 

De Wet 2386 2267 (95%) 0 

Hess 447 427 (96%) 0 

TOTAL 2833 2684 0 

32 



Table 6 

Experimental Crosses made t o Inve s t i g a t e De Vet's Method i n Mcotania 

Pollen Parent 

Female T2 T4 T6 

r e c i p i e n t N S N S N S 

3 5 3 5 1 12 3 

4 - - - - 7 0 

5 2 0 2 0 10 1 

7 4 0 3 3 2 0 

Tota l s 11 3 10 4 31 4 

Controls 

3 - - . - - 4 1 

4 - - - - 4 3 

7 - - - - 4 2 

Table 9 

Experimental Crosses made t o I n v e s t i g a t e Hess' Method i n Nicotania 

Pollen Parent 

Female T2 T4 T6 

r e c i p i e n t U S N S IT S 

3 5 2 5 2 5 3 

5 2 0 2 1 2 2 

7 3 0 4 1 4 3 

To t a l s 10 2 11 4 11 8 
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Table 10 

Number of Seeds Screened f o r Kanamycin Besistance i n f f l c Q t i a n a 

Experiments 

Method 

De Wet 

Hess 

TOTAL 

Number 

pla t e d 

1702 

2978 

4680 

Number germinated 

1668 (98%) 

2389 (97%) 

4557 

Number of 

Resistant plants 

0 

• 0 

Table 11 

Flower Opening Dates and Flower'Development (days p r i o r t o opening) 

Flower Anthers dehisced 

number (date) 

14.1 15/5 

11.1 23/5 

11.2 25/5 

11.3 23/5 

15.1 28/5 

15.2 28/5 

17.1 30/5 

17.2 22/5 

12.2 1/6 

15.3 15/5 

Means w i t h standard d e v i a t i o n s 

Closed pe t a l whorl 

Vi" length 

-14 days 

-12 days 

-12 days 

-12 days 

-9 days 

-10 days 

-8 days 

-11 days 

-10 days 

-12 days 

11.0+/-1,7 

Recognisable 

Flower bud 

-21 days 

-19 days 

-21 days 

-19 days 

-17 days 

-17 days 

-19 days 

-18 days 

-18 days 

-15 days 

18.5+/-1.6 
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CHAPTER 4 DISCUSSION 

The p o t e n t i a l advantages of d i r e c t t ransformation of the zygote 

w i t h i n the context of the normal p l a n t reproductive cycle have been 

discussed by many authors, and have been ably summarised by Zhou (1985) 

who adumbrated the f o l l o w i n g major b e n e f i t s : 

<1) A much s h o r t e r time i s required f o r generation of transformed 

p l a n t s compared t o genetic manipulation s t a r t i n g w i t h a plant c e l l 

c u l t u r e stage. 

(2) E x i s t i n g economic c u l t i v a r s may be manipulated d i r e c t l y , and the 

economic importance of the transformed plant judged d i r e c t l y , 

e l i m i n a t i n g the tedious c e l l • s e l e c t i o n procedure, and avoiding the 

un c e r t a i n t y about the genetic value of the f i n a l product due t o passage 

through a r t i f i c i a l c u l t u r e conditions. 

Zhou concluded t h a t these d i r e c t techniques, having the o u t l i n e d 

p o t e n t i a l advantages and also the b e n e f i t of being t e c h n i c a l l y less 

demanding, should be more p r a c t i c a l than current methods I n the 

r e a l i s a t i o n of p l a n t genetic engineering. I n a d d i t i o n , these methods 

allow the p o s s i b i l i t y of addressing the problem of transforming 

raonocots, e s p e c i a l l y the economically important cereals, which have 

l a r g e l y r e s i s t e d manipulation e i t h e r by Agrobacterium mediated 

transformation, t o which they do not seem t o be susceptible, or by 

d i r e c t t r a n s f o r m a t i o n of p r o t o p l a s t s due t o the d i f f i c u l t y i n 

regenerating complete p l a n t s from cereal p r o t o p l a s t s ( L i c h t e n s t e i n 

1987). This l a t t e r problem has r e c e n t l y shown signs of being a 

surmountable problem, w i t h some success being gained w i t h the 
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regeneration of r i c e p r o t o p l a s t s (Fujimura et a l 1985, Yamada et a l 

1986). 

As Old and Primrose (1985) point out i n t h e i r t e x t on genetic 

manipulation, i n the course of a discussion of the merits of pursuing 

the development of the caulimoviruses as p l a n t vectors, research on 

a l t e r n a t i v e vectors f o r p l a n t s transformation would probably be t o t a l l y 

j u s t i f i e d i n economic terms i f they c o n t r i b u t e d only one successful 

transformed c u l t i v o r of one of the major crop plants, such i s the scale 

of the a g r i c u l t u r a l i n d u s t r y . Of the methods considered during t h i s 

p r o j e c t , m i c r o i n j e c t i o n of exogenous DNA d i r e c t l y i n t o p o l l e n tubes or 

embryo sacs has yet t o show any success (Hepher et a l 1985, Steinbiss et 

a l 1985). I n t r o d u c t i o n of exogenous DNA v i a d i r e c t transformation of 

the pregerminating p o l l e n has been reported on several occasions (De Wet 

et a l 1985, Hess 1978, Hess 1979, Hess and Dressier 1984, Hess, Dressier 

and Konle 1985). Also d i r e c t i n j e c t i o n of transforming DNA i n t o the 

p r o x i m i t y of apparently n a t u r a l l y competent c e l l s at d i f f e r e n t stages of 

the development cycle has shown some success (Zhou et a l 1983, Zhou 

1985, de l a Pena, Lorz and Schell 1987). 

The work of D i e t e r Hess i n p a r t i c u l a r , has l a i d on extensive 

groundwork of evidence t h a t pregerminated p o l l e n tubes are competent to 

take up exogenous DNA i n both Petunia and Nicotiana. The recent success 

of De Vet i n achieving transformation of maize uses methods based on the 

same p r i n c i p l e . This apparent c o n f i r m a t i o n of He.ss's ideas suggests 

t h a t these r e l a t i v e l y simple methods are worth examination, f o r i f these 

methods could be a p p l i e d more generally, a considerable r e v o l u t i o n i n 

p l a n t genetic engineering would take place. This work set out t o 

examine the methods of Hess and also the p o t e n t i a l l y simpler method of 
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De Vet, t o see i f they could be repeated w i t h Petunia and Nicotiana, 

Success i n t h i s venture would lend credence t o the claim of Zhou (1985) 

t h a t h i s method and t h a t of Hess promise t o raise plant genetic 

en g i n e r i n g t o a l e v e l of p r a c t i c a l b e n e f i t t o crop improvement. The 

r e s u l t s have shown t h a t despite screening a s u b s t a n t i a l number of 

s u c c e s s f u l l y germinated plants (3935 f o r De Wet's method and 3316 f o r 

Hess's method) no transformants were found. This contrasts with the 

f i n d i n g s of the o r i g i n a l .authors who found r e l a t i v e l y high frequencies 

of t r a n s f o r m a t i o n f o r the characters which they were examining. Thus De 

Wet et a l (1985) found 72 out of 6303 seedlings of a true breeding white 

cob v a r i e t y of maize transformed t o red cob phenotype by t h e i r 

t r a n s f o r m i n g DNA, obtained from a red cob v a r i e t y (a staggering 1.1% 

tr a n s f o r m a t i o n r a t e ) , they also found 2 out of 6303 seedlings 

transformed t o r u s t resistance (a 0.03% transformation r a t e ) . Hess et 

a l (1985) express many reservations, but reading through the group's 

r e s u l t s over the many years i n which they have been researching the use 

of p o l l e n vectors, they appear t o suggest a transformation rat e i n 

Petunia of the order of 0.2% using t h e i r d i r e c t transformation method. 

I n a l l cases (except perhaps the red cob character), the authors f i n d 

some d i f f i c u l t y i n d i f f e r e n t i a t i n g completely s a t i s f a c t o r i l y the 

transformed progeny from background l e v e l s of expression of s i m i l a r 

phenotypes i n untransformed progeny. 

The plasmid pABDI used f o r these experiments was s p e c i f i c a l l y 

s e l e c ted because i t would be a r e l a t i v e l y simple matter t o unambiguously 

demonstrate i t s presence i n , and t r a n s m i s s i b i l i t y t o progeny of, 

transformed i n d i v i d u a l s . Paszkowski et a l (1984) constructed pABDI and 

used i t i n p r o t o p l a s t t r a n s f o r m a t i o n experiments with NiCQtiana tabacum. 
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Presence of the plasmid was selected and demonstrated by resistance t o 

200/ig/ml kanamycln, and confirmed both by assay of APH(3')II enzyme 

a c t i v i t y and by Southern b l o t h y b r i d i s a t i o n of n i c k - t r a n s l a t e d probes 

f o r plasmid DNA sequences. Thus, should genuinely transformed plants be 

evidenced by the screening process, confirmation of the presence of the 

plasmid can be unambiguously demonstrated, a l e v e l of c o n f i r m a t i o n never 

q u i t e achieved e i t h e r by De Wet or Hess. Paszkowski et a l were also 

able t o demonstrate t h a t the acquired resistance was g e n e t i c a l l y 

t r a n s m i s s i b l e , segregating w i t h a 1:1 r a t i o i n one transformant s t r a i n , 

i n d i c a t i n g i n c o r p o r a t i o n of only one f u n c t i o n a l locus f o r kanamycin 

resistance which i s a c t i n g as a Mendelian dominant f a c t o r . This 

evidence suggests t h a t i n c o r p o r a t i o n of a s i n g l e f u n c t i o n a l copy of the 

resistance gene i s s u f f i c i e n t t o confer a r e s i s t a n t phenotype. 

Why then was no success observed i n t h i s case? The p r o b a b i l i t y of 

observing a t l e a s t one transformant f o r a given sample size and 

t r a n s f o r m a t i o n frequency i s c a l c u l a b l e using the binomial theorem. The 

values of these p r o b a b i l i t i e s f o r the highest t o the lowest observed 

t r a n s f o r m a t i o n frequencies, r e l a t i v e t o the sample sizes achieved i n the 

experiments are shown i n t a b l e twelve. I t can be seen t h a t i f the 

highest l e v e l s of t r a n s f o r m a t i o n were obtained, s i m i l a r t o those quoted 

f o r t r a n s f o r m a t i o n of maize t o red cob colour by De Vet et a l (1985), 

the p r o b a b i l i t y of observing a t l e a s t one transformant i n the sample 

would be very high. As the transformation frequency reduces, so do the 

p r o b a b i l i t i e s of observing a transformant f o r each sample size. Thus i t 

can be seen t h a t f o r the lowest transformation r a t e of 0.03% reported by 

De Vet et a l (1985) the sample size would have t o r i s e t o 10,000 f o r a 

reasonable c e r t a i n t y of observing a transformant t o be obtained. 
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However, even a t t h i s t ransformation r a t e a b e t t e r than 50% p r o b a b i l i t y 

e x i s t s of seeing a transformant i n a l l but the experiments having the 

lowest sample sizes. For the lower t r a n s f o r m a t i o n rat e of 0.01% (which 

i s s t i l l higher than the rates claimed by Paszkowski et a l 1984 f o r 

p r o t o p l a s t t r a n s f o r m a t i o n w i t h t h i s plasmid, which are at le a s t one 

order of magnitude lower), i t can be seen t h a t the p r o b a b i l i t y of 

observing at l e a s t one transformant drops away qui c k l y , w i t h the 

p r o b a b i l i t y being very small indeed f o r a sample of 427 and only r i s i n g 

t o 0.39 f o r a sample of 5000. Thus even i f i t were l e g i t i m a t e (which i t 

s u r e l y i s not) t o pool the r e s u l t s of a l l the experiments the 

p r o b a b i l i t y of having seen a transformant at t h i s transformation rat e 

would s t i l l o n l y be around 0.50. I t i s however reasonable t o pool the 

r e s u l t s over a method and thus i t can be seen t h a t f o r a l l the pu t a t i v e 

t r a n s f o r m a t i o n r a t e s observed by other authors using t h e i r methods, the 

lowest p r o b a b i l i t y of f i n d i n g a tranfarmed plant i n these pooled 

experiments was .63, q u i t e a high p r o b a b i l i t y of success. For 

t r a n s f o r m a t i o n frequencies of the order of 0.1% such as those observed 

by D i e t e r Hess's group, a high p r o b a b i l i t y e x i s t s of f i n d i n g a 

transformant i n a l l the experiments taken i n d i v i d u a l l y except the sample 

f o r Hess's method using Petunia which shows a p r o b a b i l i t y of only 0.35 

of observing a transformant. For the highest transformation frequency 

observed by De Vet (1.0%) even the smallest sample gives an extremely 

high p r o b a b i l i t y of having observed a transformed p l a n t . 

The conclusion from t h i s must be t h a t i f the methods of e i t h e r Hess 

or De Wet are looked at i n terms of t h e i r general a p p l i c a b i l i t y , then 

w i t h any of the t r a n s f o r m a t i o n r a t e s which these authors obtained, even 

at the lowest r a t e of transformation, the experiments done here had a 

39 



reasonable chance of f i n d i n g a transformed pla n t , and at the higher 

r a t e s a transformed p l a n t should almost c e r t a i n l y have been observed. 

I f each experiment i s examined as an i n d i v i d u a l case, i t i s s t i l l t r u e 

f o r Hess's t r a n s f o r m a t i o n r a t e s there was high p r o b a b i l i t y of having 

i d e n t i f i e d a transformant (the lowest i s 0,81). The exception to t h i s 

i s f o r the experiment using Hess's method w i t h Petunia where at least 

900 seeds were l o s t t o a major i n c i d e n t of contamination, and no more 

seeds were a v a i l a b l e t o screen, even t h i s experiment gives p = 0.35, 

which i s about a 1 i n 3 chance of observing a transformant. 

I t seems then t h a t the experiments have been unable t o confirm the 

general a p p l i c a b i l i t y of Hess's and De Wet's methods. Cer t a i n l y the 

experiments have not confirmed the high rates of transformation obtained 

by these workers. For the s p e c i f i c case of Hess's method as applied t o 

Petunia, which i n terms of the l i t e r a t u r e evidence, unfortunately, was 

the experiment most l i k e l y t o work, the sample size obtained i s r e a l l y 

i n s u f f i c i e n t t o do anything other than deny rates of transformation i n 

excess of 1%. For the other cases the evidence suggests t h a t 

t r a n s f o r m a t i o n r a t e s of 0. 17, are u n l i k e l y and that even i f 

t r a n s f o r m a t i o n r a t e are as low as 0.03% i t i s probable t h a t a 

transformant would have been found i f the methods have general 

a p p l i c a b i l i t y . I t would have been de s i r a b l e t o achieve even higher 

sample s i z e s i n the screening experiments, and except f o r the Petunia 

crosses using Hess's method, ample seed remains unscreened due t o lack 

of time. However i f the true transformation rat e i s of the same order 

of magnitude as t h a t obtained by p r o t o p l a s t transformation (and the 

methods are i n p r i n c i p l e very s i m i l a r ) , sample sizes would need t o be 

very high indeed (around 5 x lO"- - 2 x 10'=-) i n order t o achieve a high 
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p r o b a b i l i t y of observing a transformant. With p o l l e n transformation 

these p o p u l a t i o n sizes are e a s i l y a t t a i n a b l e i n the t a r g e t population of 

p o l l e n , but as only a r e l a t i v e l y small p r o p o r t i o n of these w i l l 

s u c c e s s f u l l y enter an embryo sac and complete f e r t i l i s a t i o n , the seed 

sampling problem i s immense. An a l t e r n a t i v e approach which takes 

advantage of t h i s a b i l i t y t o a t t a i n high p o l l e n t a r g e t population would 

e x i s t i f i t was possible t o demonstrate expression of the transformed 

phenotype i n the gametophyte i t s e l f ( i . e . the p o l l e n tube). This would 

al l o w e i t h e r d i r e c t screening of the p o l l e n f o r transformation using 

techniques such as anther c u l t u r e , or enrichment of the pregerminated 

p o l l e n f o r transformed phenotype by exposure t o kanamycin containing 

medium d u r i n g the wet p o l l i n a t i o n procedure. 

This l a t t e r suggestion could be p a r t i c u l a r l y appropriate f o r 

u t i l i s a t i o n i n a s s o c i a t i o n w i t h the methods of de l a Pena et a l (1987), 

where the transforming DNA i s incorporated d u r i n g the process of 

gametogenesis. The p r o b a b i l i t y of DNA introduced during thi.s phase of 

development being i n t e g r a t e d and f u n c t i o n a l during the m e t a b o l i c a l l y 

a c t i v e stage of the gametophyte must be q u i t e high, and therefore the 

p o s s i b i l i t y of e n r i c h i n g f o r transformants e x i s t s . 

The method of de l a Pefia et a l (1987) I s an a t t r a c t i v e a l t e r n a t i v e 

t o those of Hess, De Vet and Zhou. I t i s s i m i l a r l y dependent on the 

i n t r o d u c t i o n of transforming DNA at a stage of development where 

n t u r a l l y competent germ-line c e l l s e x i s t . Considerable groundwork of 

c y t o l o g i c a l work s p e c i f i c t o rye was l a i d down before these 

t r a n s f o r m a t i o n experiments were attempted (de l a PeHa, Puertas and 

Merino 1981, Puertas et a l 1984), and t h e r e f o r e i t would have been 

i n a p p r o p r i a t e t o attempt such experiments w i t h other species before a 
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time scale f o r the i d e n t i f i c a t i o n of the same competent stage i n 

development had been established. The r e s u l t s o u t l i n e d i n part two of 

the l a s t chapter have gone some way towards I d e n t i f y i n g the analogous 

stages i n Petunia hybrlda. The timescale i n which buds d i f f e r e n t i a t e 

and move t o the meiotic stage during which the microspore t e t r a d s are 

formed has been established. However, as the o v e r a l l timescale of 

flowe r development i s considerably .shorter i n Petunia than .Secale 

cereale i t seems u n l i k e l y t h a t the treatment time of 10-14 days p r i o r t o 

t h i s i s appropriate f o r Petunia, as i t i s clear t h a t buds are not 

committed t o flower formation t h i s e a r l y before meiosis. I t had been 

hoped t h a t a p r o t o c o l would be established f o r e f f e c t i v e i n j e c t i o n of 

transforming DNA i n t o developing Petunia buds so t h a t experiments could 

be done t o e s t a b l i s h the appropriate time f o r the i n j e c t i o n s using 

methods s i m i l a r t o de l a Pena, Puertas and Merino (1981) and Puertas et 

a l (1984), time d i d not allow t h i s . 
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Table 12 

P r o b a b i l i t y values of f i n d i n g a t l e a s t one transformed plant f o r given 

sample sizes and t r a n s f o r m a t i o n frequencies 

Transformation frequency 

Sample Size 1% 0. 1% 0.03j% . 01 

427 . 98 .35 . 12 . 04 

1668 . 99 .81 . 39 . 15 

2267 >.99 .87 . 49 .20 

2889 .94 .59 .25 

3316 " .98 .63 .28 

3933 .98 . 69 . 32 

5000 " . . .99 . 77 .39 

10000 >.99 .95 . 63 



Plate 1 Freshly harvested p o l l e n of Petunia hybrida a f t e r about 30 

minutes pregermination i n Brewbaker and Kwack's medium. 
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P l a t e s 2 and 3 The e f f e c t o f Kanamycin s e l e c t i o n on g e r m i n a t i n g 

seeds o f P e t u n i a h y b r i d a . The p l a t e s compare t h e 

l u x u r i o u s g r o w t h and l o n g r o o t s o f seeds g r o w i n g on 

a c o n t r o l p l a t e w i t h t h e much p o o r e r f o l i a g e and 

s t u n t e d r o o t s caused by s e l e c t i o n on p l a t e s 

c o n t a i n i n g lOO/ig/ml kanamycin. 

P l a t e 1 shows t h e p l a t e s viewed f r o m t h e f o l i a g e 

s i d e , P l a t e 2 t h e same p l a t e s viewed f r o m t h e 

und e r s i d e showing t h e d r a m a t i c d i f f e r e n c e i n r o o t 

development. 
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P l a t e 4 P r e g e r m i n a t e d p o l l e n o f P e t u n i a h y b r i d a showing c o n t i n u e d 

development i n s i t u on a r e c e p t i v e stigma. The p o l l e n t u b e s 

are s t a i n e d w i t h d e c o l o u r i s e d A n i l i n e b l u e s t a i n and t h e 

squash p r e p a r a t i o n (x400) photographed under UV 

i l l u m i n a t i o n . 

P l a t e 5 P o l l e n t u b e s o f P e t u n i a h y b r i d a showing massive growth down 

t h e s t y l e a f t e r p o l l i n a t i o n w i t h p o l l e n p r e g e r m i n a t e d i n 

Brewbaker's medium c o n t a i n i n g pABDI. P r e p a r a t i o n and 

s t a i n i n g as above. 
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P l a t e 6 M i c r o s p o r o g e r o u s t i s s u e showing c e l l s i n v a r i o u s s t a g e s o f 

t h e m e i o t i c d i v i s i o n which r e s u l t s i n t h e f o r m a t i o n o f 

n i i c r o s p o r e t e t r a d s . 
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P l a t e 7 The f i n a l appearance o f t h e m i c r o s p o r e t e t r a d s b e f o r e t h e y 

s e p a r a t e i n t o h a p l o i d m i c r o s p o r e s , a t about 14-15 days 

b e f o r e a n t h e s i s . 
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APPENDIX I THH PLASMin nABDI 

Pstl 
W/ndin Sail 

5,3/0 \ / 

\ .1.0 

A A A A pABDI 
5.3 kb 

EcoRl 
Smal 

BamHl-A 

EcoRY 
BamHl 

HindE 

Pstl EcoRY 

Replicon : pMBl^ (£. coli) 
Size : 5.3 kb 
Selectable phenotype for plant cells: Neo** 
Selectable phenotype for E. coli : Amp"* 
Cloning sites : £ c o R l , Smal 

Plasmid pABDl can be used for transfer of DNA sequences to plant cells. The plasmid contains the 
neomycin-resistance (neo) gene, the expression of which is controlled by the promoter (pvi), polyadenylation 
signal and transcription terminator of cauliflower mosaic virus (CaMV) gene VI . The plasmid does not con
tain T-DNA sequences, but cloned genes can be transferred to the plant genome by direct transfer (ref. 38) 
with selection of transformed ceils by means of their Neo"* phenotype. The plasmid pABDI carries the 
ampicillin-resistance {amp) genr, and an origin of replication for selection and propagation in E. coli. 

Plasmid pABDl comprises a 2.6 kb Sail fragment containing the CaMV sequences and the neo gene, in
serted into the Sail site of pUC8 (l-A-iv-20). The orientation of the Sail fragment in pABDl is not given; 
one of the two possibilities has been chosen for the drawing. 
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APPENDIX I I FQRmJLAE OF WEPT A USED 

1. P o l l e n g e r m i n a t i o n media. 

(a) Brewbaker's Medium (Brewbaker and Kwack 1961) 

S o l u t i o n A; HoBOs ^OOmg/dm", CadTOs)- 1,500mg/dm-', 

OOs 500mg/dm-% Mg SOd 7HsO l,000mg/dm"' 

S o l u t i o n B: 50% w/v sucrose. 

F i n a l medium 1 p a r t s o l u t i o n A : 1 p a r t s o l u t i o n B ; 3 p a r t s d i s t i l l e d 
w a ter. 

(b> F a h n r i c h ' s Medium ( F a h n r i c h 1964) 

F i n a l s o l u t i o n ; HaBOa 0. 001)JM, Sucrose 0.7M. 

2. Seed g e r m i n a t i o n medium (Wagner & Hess 1973) 

mg/dnP: CaCNOs-)-. 2HaO, 719.5; KlfOa, 125; 

KH-PO.a, 125; MgSO.i, 7H:;;;0, 125; MnSO^, 4H-0, 3; 

Casein h y d r o l y s a t e , 500; M y o - i n o s i t o l , 500; 

G l y c i n e , 7.5; N i a c i n , 1.25; ZnSO.i. 7HaO, 0.5; 

HsBO:;,, 0.5; CuSÔ .. 5H:>0, 0. 025; 

Na:i-MoÔ , 0.025; P y r i d o x i n , HCl, 0.25; 

Thiamin HCl, 0,25; R i b o f l a v i n , 0.25. 

g/dra-'': sucrose, 50; D i f c o Bacto-Agar, 10. 

To t h i s medium was added 5ml o f EDTA Fe Na, 7.35g/dm-='. 
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