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A b s t r a c t 

Agrobacterium tumefaciens-mediated t r a n s f o r m a t i o n was used t o 
i n t r o d u c e f o r e i g n genes i n t o Arabidopsis thaliana (Thale Cress). 
I n i t i a l l y a s i m p l e marker gene c o n s t r u c t (pJIT73) was used t o set up 
t h e t r a n s f o r m a t i o n system. Once e s t a b l i s h e d , t h r e e f u r t h e r c o n s t r u c t s 
were I n t r o d u c e d t o t e s t a l l a s p e c t s of t h e system: a gene; a promoter-
r e p o r t e r f u s i o n ; and a t r a n s p o s a b l e element, 

PsMT,^ ( i s o l a t e d f r o m Pisum sativum [Evans et al., 1990a] > encodes 
a p o l y p e p t i d e w i t h s t r o n g homology t o c l a s s I m e t a l - b i n d i n g p r o t e i n s 
or m e t a l l o t h i o n e l n s . I n o r d e r t o det e r m i n e i t s f u n c t i o n in planta, 

PsMT^ was i n t r o d u c e d i n t o Arabidopsis thaliana under the c o n t r o l of 
t h e 35S CaMV promoter. PGR a n a l y s i s was used t o c o n f i r m the presence 
of t h e e n g i n e e r e d gene and i t s e x p r e s s i o n . F l t r a n s g e n i c s e e d l i n g s , 
grown on b o t h copper-supplemented and c o n t r o l medium, accumulated 
copper a t a h i g h e r c o n c e n t r a t i o n than c o n t r o l s e e d l i n g s . T h i s data 
s u g g e s t s t h a t the PsMT^ gene encodes a copper c h e l a t i n g p r o t e i n . 

The s t r u c t u r e o f s p e c i a l i z e d p l a n t c e l l w a l l s v a r i e s w i t h t h e i r 
f u n c t i o n . H y d r o x y p r o l i n e - r i c h g l y c o p r o t e i n s (HRGPs) or e x t e n s i n s are 
f r e q u e n t l y p r e s e n t i n t h e c e l l w a l l s o f s t r e n g t h e n e d c e l l types. A 
rape e x t e n s i n gene promoter (ext A [Evans e t a i . , 1990bl) fused t o a 
GUS r e p o r t e r was i n t r o d u c e d i n t o Arabidopsis, u s i n g Agrobacterium 

tuwefaciens-mediated t r a n s f o r m a t i o n . extA e x p r e s s i o n i n t h e stems of 
t r a n s g e n i c p l a n t s was l o c a l i z e d t o the phloem and t h e epidermal t i s s u e 
( u s i n g GUS h i s t o c h e m i c a l s t a i n i n g and an anti-GUS Immuno-gold assay). 

T r a n s p o s i t i o n o f the TanB element ( f r o m Antirrhinum majus) has 
been s t u d i e d i n tobacco ( M a r t i n et al. , 1989). TanQ was i n t r o d u c e d 
i n t o Arabidopsis thaliana i n a m o d i f i e d v e r s i o n o f pJlT73. Transgenic 
p l a n t s were i d e n t i f i e d by GUS h i s t o c h e r a i c a l s t a i n i n g , immunogold 
l a b e l l i n g and PGR a n a l y s i s , and t h e presence o f the TanB element was 
d e t e r m i n e d by genomic b l o t t i n g . However, no evidence of a TanB 

t r a n s p o s i t i o n event was c o n c l u s i v e . 
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A l a ; a l a n i n e 
Amp ; a m p i c i l l i n 
AS : a c e t o s y r i n g o n e 
BAP : e-benzylaminopurine 
Bs : Gamborgs Bs medium 
BSA ; bo v i n e serum albumin 
CAT ; c h l o r a m p h e n i c o l a c e t y l t r a n s f e r a s e 
cDNA : complementary DNA 
CIM : c a l l u s - i n d u c i n g medium 
cpmfig" ' ; c o u n t s per mi n u t e per microgramrae 
CTAB : c e t y l t r I m e t h y l a m r a o n i u m bromide 
Cys : c y s t e i n e 
2,4-D ; 2 , 4 - d i c h i o r o p h 6 n o x y a c e t i c a c i d 
dATP : deoxyadenosine 5 ' - t r i p h o s p h a t e 
dCTP : d e o x y c y t o s l n e 5 ' - t r i p h o s p h a t e 
dGTP : deoxyguanoslne 5 ' - t r i p h o s p h a t e 
DNA ; d e o x y r i b o n u c l e i c a c i d 
DNase : d e o x y r i b o n u c l e a s e 
dTTP ; d e o x y t h y m i d i n e 5 ' - t r i p h o s p h a t e 
EDTA : e t h y l e n e d i a m i n e t e t r a a c e t l c a c i d 
E t B r : e t h i d i u m bromide 
Glu : g l u t a m a t e 
Gly : g l y c i n e 
GM : g e r m i n a t i o n medium 
GSH ; g l u t a t h i o n e 
GUS : b e t a - g l u c u r o n i d a s e 
H i s ; h i s t i d i n e 
HPLC ; h i g h p r e s s u r e l i q u i d chromatography 
HRGP : h y g r o x y p r o l i n e - r l c h g l y c o p r o t e i n 
lAA : i n d o l e - 3 - a c e t I c a c i d 
2 i p ; N*^-<2-isopenteny D a d e n i n e 
kDa ; k l l o D a l t o n 
kbp ; k l l o b a s e p a i r 
K i n : k i n e t l n 
X ; b a c t e r i o p h a g e lambda 
M ; molar 
mRNA ; messenger RNA 
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MS : Murashige + Skoog medium 
MT : m e t a l l o t h l o n e i n 
NAA 
NMR 
nos 

1 - n a p h t h a l e n e a c e t i c a c i d 
n u c l e a r magnetic resonance 
n o p a l i n e synthase 

NPT-II : neomycin p h o s p h o t r a n s f e r a s e I I 
ORF : open r e a d i n g frame 
PGR ; polymerase c h a i n r e a c t i o n 
PEG ; p o l y e t h y l e n e g l y c o l 
Pro : p r o l i n e 
p s i : pounds per square i n c h ( p r e s s u r e ) 
PVP : p o l y v i n y 1 - p o l y p y r r o l i d i n e 
RFLP : r e s t r i c t i o n fragment l e n g t h polymorphism 
RNA : r i b o n u c l e i c a c i d 
RNase : r i b o n u c l e a s e 
rpm : r e v o l u t i o n s per minute 
RUBP : r i b u l o s e b l s p h o s p h a t e 
SDS ; sodium dodecyl s u l p h a t e 
Ser ; s e r i n e 
SIM : s h o o t - i n d u c i n g medium 
SOD : s u p e r o x i d e dismutase 
T-DNA : t r a n s f e r DNA 
TE : tris-EDTA 
TESPA ; 3 - a r a i n o p r o p y I t r i e t h o x y s i lane 
T r i s ; t r l s ( h y d r o x y m e t h y l ) m e t h y l a m l n e 
Tyr : t y r o s i n e 
u ; u n i t of enzyme a c t i v i t y 
UV : u l t r a - v i o l e t 
vir : v i r u l e n c e r e g i o n 
X-gal i 5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l - p - D - g a l a c t o p y r a n o s i d e 
X-Gluc : 5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l g l u c u r o n i d e 
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1.1 Arabidopsis thaliana 

Arabidopsis thaliana ( T h a l e c r e s s ) i s a s m a l l weed b e l o n g i n g t o 

th e C r u c i f e r a e . I t i s r e l a t e d t o s e v e r a l i m p o r t a n t crops, such as 

cabbage, b r o c c o l i and h o r s e r a d i s h , but i s i t s e l f o f no economic value 

and i s t y p i c a l l y found as a c o l o n i z i n g weed on c l e a r e d or waste 

ground. A l t h o u g h t h e exact geographic o r i g i n o f Arabidopsis i s 

unknown, i t now grows w e l l i n many r e g i o n s around t h e w o r l d , r a n g i n g 

f r o m t h e t r o p i c s t o n o r t h e r n S c a n d i n a v i a (Meyerowitz, 1987). 

The mature p l a n t c o n s i s t s o f a basal r o s e t t e of leaves, w i t h a 

main stem and s e v e r a l secondary stems, each topped by an 

i n f l o r e s c e n c e . When grown under i d e a l c o n d i t i o n s , the p l a n t can reach 

30 t o 40cm h i g h b e f o r e f l o w e r i n g . The f l o w e r s a r e t y p i c a l o f the 

mustard f a m i l y , c o n s i s t i n g of f o u r s e p a l s a l t e r n a t i n g w i t h f o u r w h i t e 

p e t a l s , c o m b i n i n g t o produce a f l o w e r a p p r o x i m a t e l y 3mm long and 1mm 

acro s s . The f l o w e r s n o r m a l l y s e l f - f e r t i l i z e and develop i n t o f r u i t s , 

known as s i l l q u e s , each c o n t a i n i n g 30-60 s m a l l seeds. On average, a 

p l a n t produces around 5 x 10'^ t o 10" o f t h e t i n y seeds, which each 

weigh a p p r o x i m a t e l y 20^jig, 

1.1.1 The " b o t a n i c a l Drosophilat'. 

L a l b a c h , i n 1943, f i r s t n o t e d t he f e a t u r e s o f Arabidopsis t h a t 

make i t s u i t a b l e f o r l a b o r a t o r y work, and have l e d t o i t being 

r e f e r r e d t o as t h e " b o t a n i c a l Drosophila" (Whyte, 1946), As the mature 

p l a n t i s so s m a l l and compact, hundreds can be grown i n a r e l a t i v e l y 

s m a l l space, e i t h e r i n s t e r i l e media or i n s o i l . When grown i n 

c o n t i n u o u s i l l u m i n a t i o n , i t r e q u i r e s o n l y 5 t o 6 weeks t o progress 

f r o m seed t o seed, t h e r e f o r e s c r e e n i n g o f s e e d l i n g s i s r a p i d and 
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i n e x p e n s i v e . 

The use o f Arabidopsis as a l a b o r a t o r y p l a n t has grown w i t h the 

advances i n m o l e c u l a r b i o l o g y . Assays o f Arabidopsis DNA co n t e n t 

i n d i c a t e a h a p l o l d n u c l e a r genome s i z e of a p p r o x i m a t e l y V x l C b p , which 

i s o r g a n i z e d i n t o o n l y 5 chromosomes. The c o n t r a s t w i t h o t h e r p l a n t s 

used i n m o l e c u l a r g e n e t i c work i s s t r i k i n g : tobacco has a h a p l o i d 

genome o f 1.6xl0^^bp; t h e pea h a p l o i d genome i s 4,5xlO®bp; and the 

wheat h a p l o i d genome i s 5,9xlO-'bp. A n a l y s i s o f Arabidopsis DNA 

r e a s s o c i a t i o n k i n e t i c s and c r o s s - h y b r i d i z a t i o n of genomic c l o n e s 

i n d i c a t e s t h a t t h e n u c l e a r genome has a v e r y low c o n t e n t o f r e p e a t 

sequences, and any t h a t a r e p r e s e n t a r e u s u a l l y w e l l d i s p e r s e d 

( Meyerowitz, 1989; S o m e r v i l l e et al., 1985). 

I t h a r d l y seems s u r p r i s i n g t h a t so many r e s e a r c h programmes have 

been s e t up u s i n g Arabidopsis, i t s s i z e , l i f e s t y l e and genome s i z e 

making i t t h e i d e a l model p l a n t system f o r I s o l a t i o n of genes which 

have been i d e n t i f i e d by mutated phenotype, b u t f o r which t h e 

c o n v e n t i o n a l i s o l a t i o n method v i a cDNA i s n o t a p p l i c a b l e , or i s very 

d i f f i c u l t . The m o l e c u l a r i s o l a t i o n o f such genes by chromosome w a l k i n g 

has been f a c i l i t a t e d by t h e a v a i l a b i l i t y o f r e s t r i c t i o n fragment 

l e n g t h polymorphism maps <Nara et al. , 1989) and t h e c o n s t r u c t i o n of 

ye a s t a r t i f i c i a l chromosomes c o n t a i n i n g l a r g e i n s e r t s o f Arabidopsis 

DNA (Ward and Jen, 1990; G r i l l and S o m e r v i l l e , 1991). However, an 

a l t e r n a t i v e approach t o gene i s o l a t i o n i s p o s s i b l e u s i n g I n s e r t i o n a l 

mutagenesis. The use o f endogenous and f o r e i g n t r a n s p o s a b l e elements 

has been examined b u t t h e i r f e a s i b i l i t y remains t o be e s t a b l i s h e d 

(Schmidt and W i l l m i t z e r , 1989), A^robacterium T-DNA i n s e r t i o n a l 

mutagenesis has, however, a l r e a d y been s u c c e s s f u l l y used t o i s o l a t e 

Arabidopsis genes (Koncz et al., 1990; Feldmann et al., 1989). 
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1.1.2 Mutagenesis of Arabidopsis 

The i n i t i a l g e n e t i c s t u d i e s on Arabidopsis, and the v a s t 

m a j o r i t y o f t h e g e n e t i c I n f o r m a t i o n r e p o r t e d , i n v o l v e d the use o f 

v a r i o u s mutagens t o I s o l a t e v i s i b l e , b i o c h e m i c a l and p h y s i o l o g i c a l 

mutants. Seeds are u s u a l l y soaked i n s o l u t i o n s of p o t e n t mutagens, 

such as e t h y l methane s u l p h o n i c a c i d e s t e r (EMS), or exposed t o X-rays 

t o induce m u t a t i o n s . Each (Ml) seed c o n t a i n s o n l y a few c e l l s t h a t 

g i v e r i s e t o t h e r e p r o d u c t i v e s t r u c t u r e s o f t h e mature p l a n t . A 

m u t a t i o n i n one o f these c e l l s w i l l be r e p l i c a t e d i n i t s progeny, and 

w i l l t h u s be p r e s e n t i n h e t e r o z y g o u s f o r m i n a s e c t o r o f the mature 

p l a n t . When th e f l o w e r s t h a t a r i s e f r o m t h i s mutant s e c t o r s e l f -

f e r t i l i z e , M2 seeds a r e produced. One-quarter o f them are homozygous 

f o r t h e newly induced m u t a t i o n , and t w o - t h i r d s of t h e r e m a i n i n g seeds 

a r e h e t e r o z y g o u s , Mutagenesis o f a l a r g e number of seeds can be done 

i n s m a l l volumes owing t o t h e s m a l l s i z e of t h e Arabidopsis seeds, and 

t h e s m a l l s i z e o f t h e mature p l a n t a l l o w s many thousands of p o t e n t i a l 

mutants t o be screened, 

M o r p h o l o g i c a l v a r i a n t s comprise t h e l a r g e s t c l a s s o f 

c h a r a c t e r i z e d mutants. M u t a t i o n s a f f e c t i n g v i r t u a l l y a l l p a r t s o f t h e 

p l a n t a r e known (Meyerowltz and P r u i t t , 1984); l e a f shape (Redei and 

H l r o n o , 1964); l e a f h a i r s (Koornneef et a i . , 1982); d i s p o s i t i o n and 

s i z e o f stems (R6dei, 1962; Koornneef et a i . , 1983). Many m u t a t i o n s i n 

t h e f l o w e r , and t h e genes c o n t r o l l i n g i t s development, have been 

c h a r a c t e r i z e d (Komakl et al, , 1988), t h e b e t t e r known being the 

agamous mutants (Bowman et al., 1991; Yanofsky et al., 1990) and the 

apetala mutants ( I r i s h and Sussex, 1990). A number of m a l e - s t e r i l e 

mutants have a l s o been c h a r a c t e r i z e d and a r e now b e i n g c l o n e d (Wilson 

et a i . , 1991; Chaudhury e t a i . , 1991). 
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The m u t a t i o n s most e a s i l y found are those t h a t r e s u l t i n an 

e m b r y o - l e t h a l phenotype, as s i l i q u e s mature w i t h about o n e - q u a r t e r of 

t h e seeds a b o r t e d . The h i g h f r e q u e n c y o f e m b r y o - l e t h a l phenotypes 

produced i n d i c a t e s t h e l a r g e number of genes i n v o l v e d i n 

embryogenesls; one group of r e s e a r c h e r s a t Oklahoma S t a t e U n i v e r s i t y 

have a l r e a d y i s o l a t e d and c h a r a c t e r i z e d over 90 r e c e s s i v e mutants of 

/Irafaic/opsis d e f e c t 1 ve i n embryo development ( P a t t o n et a i . , 1991). 

Another c l a s s o f mutants c h a r a c t e r i z e d a r e t h o se which a f f e c t 

t h e a b i l i t y o f t h e p l a n t t o s y n t h e s i z e or respond t o growth 

r e g u l a t o r s . I t i s hoped t h a t t h e i n f o r m a t i o n d e r i v e d from these 

mutants w i l l c o n t r i b u t e g r e a t l y t o t h e u n d e r s t a n d i n g of the complex 

b i o s y n t h e s i s pathways and t h e mode of a c t i o n o f t h e growth r e g u l a t o r s . 

Mutants have been i s o l a t e d t h a t a f f e c t , f o r example, the s y n t h e s i s of 

g i b b e r e l l l n s and a u x i n s (Koornneef e t a i . , 1985); t h a t f a i l t o respond 

t o e t h y l e n e ( B l e e c k e r e t a i . , 1988); and t h a t are r e s i s t a n t t o a u x i n 

( E s t e l l e and S o m e r v i l l e , 1987). 

Mutants have been c h a r a c t e r i z e d i n t h e n i t r o g e n metabolism 

pathway (eg, n i t r a t e r e d u c t a s e [ C r a w f o r d e t a i , , 19881) and i n s e v e r a l 

o f t h e amino a c i d b i o s y n t h e t i c pathways (Klee e t a i . , 1987; Haughn and 

S o m e r v i l l e , 1986). P h o t o s y n t h e s i s r e s e a r c h has a l s o progressed w i t h 

t h e p r o d u c t i o n of p l a n t s d e f i c i e n t i n enzyme a c t i v i t i e s . One of the 

mutants i s o l a t e d proved t o be due t o a m u t a t i o n i n a p r e v i o u s l y 

unsuspected c h l o r o p l a s t enzyme, RUBP carboxylase/oxygenase a c t i v a s e 

( S o m e r v i l l e and Ogren, 1982), Aspects o f phytochrome a c t i v i t y have 

a l s o been c h a r a c t e r i z e d u s i n g Arabidopsis mutants (Chory e t a i . , 1989; 

Parks e t a i . , 1989). Other i s o l a t e d m u t a t i o n s i n c l u d e ones a f f e c t i n g 

l i p i d b i o s y n t h e s i s (Browse e t a i . , 1987; Browse, 1991), s t a r c h 

b i o s y n t h e s i s ( L i n e t a i . , 1988), n u c l e o t i d e s y n t h e s i s ( M o f f a t t and 

S o m e r v i l l e , 1988), and p h o t o t r o p i s r a and g r a v i t r o p i s r a ( T r l s n o and 
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Burke, 1987; Khurana and P o f f , 1988). 

Once c h a r a c t e r i z e d , these mutant genes need t o be cloned. Many 

o f these genes have unknown p r o d u c t s so c l o n i n g them i s very 

d i f f i c u l t . One s t r a t e g y i s t o map t h e genes t o a p o s i t i o n on the RFLP 

map, and then t o use t h e n e a r e s t p o l y m o r p h i c c l o n e as a s t a r t i n g p o i n t 

f o r a chromosomal walk t o t h e gene. As c l o n e d Arabidopsis genes can be 

r e i n t e g r a t e d I n t o t h e genome and f u n c t i o n n o r m a l l y , an assay f o r DNA 

r e g i o n s c l o n e d by chromosomal w a l k i n g i s a v a i l a b l e . The yeast 

a r t i f i c i a l chromosome l i b r a r y (Ward and Jen, 1990) s h o u l d g r e a t l y 

f a c i l i t a t e t h e c l o n i n g of genes t h r o u g h chromosome w a l k i n g , and a 

p h y s i c a l map o f t h e Arabidopsis genome i s a l s o b e i n g developed 

(Goodman e t a i . , 1989) t o s i m p l i f y t h e ta s k of c l o n i n g genes 

i d e n t i f i e d by m u t a t i o n . I t s h o u l d be p o s s i b l e , u s i n g these resources, 

t o c l o n e any gene i d e n t i f i e d by m u t a t i o n i n Arabidopsis and t o examine 

t h e r e l a t i o n s h i p between mutant phenotype and gene f u n c t i o n i n h i g h e r 

p l a n t s . 

However, Arabidopsis has s e v e r a l s h o r t c o m i n g s when i t comes t o 

mapping genes compared t o o t h e r model systems. I t has an absence of 

w e l l - c h a r a c t e r i z e d d e l e t i o n s , d u p l i c a t i o n s , i n v e r s i o n s , and 

t e m p e r a t u r e - s e n s i t i v e mutants which a re p r e s e n t , and a i d mapping, i n 

o t h e r systems, eg., Drosophila and Caenorhabditis eiegans. Arabidopsis 

a l s o l a c k s t h e a c c e s s o r y (B) chromosomes t h a t have f a c i l i t a t e d l i n k a g e 

d e t e c t i o n and the a n a l y s i s o f dosage compensation i n maize (Coe et 

al., 1988), T r l s o m i c and t e l o t r l s o m l c l i n e s have been i s o l a t e d from 

Arabidopsis but have been used p r i m a r i l y t o l o c a l i z e centromeres and 

t o . i d e n t i f y l i n k a g e groups. Complementation t e s t s a r e a l s o of l i m i t e d 

use due t o t h e c o n s i d e r a b l e amount o f time (and p a t i e n c e ) r e q u i r e d t o 

make p a i r w i s e c r o s s e s between l a r g e groups of p l a n t s . I t i s because of 

t h i s d i f f i c u l t y t o a s s i g n a l a r g e number o f mutants t o map p o s i t i o n s 
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t h a t o n l y a f r a c t i o n of t h e mutant genes c h a r a c t e r i z e d so f a r have 

a c t u a l l y been mapped or clone d . 

1.1.3 Cloned genes from Arabidopsis 

S e v e r a l Arabidopsis genes have now been c l o n e d and 

c h a r a c t e r i z e d , and t h e i r s t r u c t u r e and low copy number has l e d t o 

v a r i o u s c o n c l u s i o n s about t h e o r g a n i z a t i o n o f the Arabidopsis genome. 

Arabidopsis gene f a m i l i e s g e n e r a l l y appear t o have fewer genes than 

homologous f a m i l i e s i n o t h e r p l a n t s p e c i e s . The genes a l s o appear t o 

be more compact than t h e i r homologues i n o t h e r s p e c i e s , w i t h fewer and 

s m a l l e r i n t r o n s . I t seems u n l i k e l y t h a t t h i s d i f f e r e n c e i n gene 

s t r u c t u r e and t h e number o f homologues i s the o n l y f a c t o r t h a t causes 

t h e 2 0 - f o l d d i f f e r e n c e i n magnitude o f genome s i z e s but i t o b v i o u s l y 

c o n t r i b u t e s t o t h e s m a l l genome. 

One o f t h e f i r s t Arabidopsis genes cl o n e d and sequenced was t h a t 

c o d i n g f o r a l c o h o l dehydrogenase (Chang and Meyerowitz, 1986), 

o b t a i n e d by r e d u c e d - s t r i n g e n c y c r o s s - h y b r i d i z a t i o n w i t h t h e maize Adhl 

gene. F u r t h e r a n a l y s i s ( D o l f e r u s and Jacobs, 1984) has shown t h a t , i n 

c o n t r a s t t o o t h e r f l o w e r i n g p l a n t s , Arabidopsis has o n l y one such 

gene, DNA sequence a n a l y s i s r e v e a l s a gene I n t e r r u p t e d by 6 i n t r o n s 

w h i c h a r e I d e n t i c a l I n p o s i t i o n t o 6 o f t h e 9 i n t r o n s p r e s e n t i n the 

o t h e r p l a n t Adh genes. A l t h o u g h i t encodes a p r o t e i n o f 379 amino 

a c i d s l i k e t h e o t h e r p l a n t genes, the Arabidopsis Adh gene r e q u i r e s 

a p p r o x i m a t e l y 3 - f o l d l e s s DNA than t h e o t h e r genes, 

A second c l a s s o f c l o n e d Arabidopsis genes are t h e c h l o r o p h y l l 

a/b (cab) l i g h t h a r v e s t i n g p r o t e i n genes of photosystem I I ( L e u t w i l e r 

e t a i , , 1986), Three cab genes were i d e n t i f i e d by c r o s s - h y b r i d i z a t i o n 
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t o a cab probe f r o m Lemna (an aqueous monocot). Other s p e c i e s examined 

have shown many more homologues: Petunia c o n t a i n s a t l e a s t 16 cafa 

genes; 8 i n pea; 7 i n wheat and 10-12 i n Lemna. A l l 3 Arabidopsis 

genes a re coded w i t h i n t h e same 6.5kb DNA r e g i o n and a l l code f o r 

i d e n t i c a l mature p r o t e i n s . No i n t r o n s a r e e v i d e n t . More r e c e n t l y new 

cab genes have been i s o l a t e d , a PSI cab gene and a l s o a new s m a l l e r 

c a f r - l i k e gene, c a l l e d cab4 (Zhang et al. , 1991). The m u l t i g e n e f a m i l y 

e n c o d i n g t h e s m a l l s u b u n i t p o l y p e p t i d e s o f r i b u l o s e - 1 , 5 - b i s p h o s p h a t e 

c arboxylase/oxygenase has a l s o been i s o l a t e d and c h a r a c t e r i z e d 

(Krebbers et al. , 1988), 

Other c l o n e d genes i n c l u d e 1 2 S - g l o b u l i n seed s t o r a g e p r o t e i n 

genes (Meye r o w i t z , 1987), t h e 5 - e n o l p y r u v y l s h i k i m a t e - 3 - p h o s p h a t e 

s y n t h a s e gene (Klee e t a i , , 1987) and t h e a- and ^ - t u b u l i n gene 

f a m i l i e s (Ludwig e t a i . , 1987; Marks et al., 1987b). Many o t h e r genes 

have been c l o n e d u s i n g t h e c r o s s - h y b r i d i z a t i o n t e c h n i q u e and are 

re v i e w e d by Meyerowitz (1987). More r e c e n t a d d i t i o n s t o t h e l i s t , 

i n c l u d e two a u x i n - i n d u c i b l e genes, i s o l a t e d u s i n g soybean cDNA probes, 

(Conner e t a i . , 1990), t h e c a l m o d u l i n c l o n e s ( f r o m t he c a l c i u m 

mediated s i g n a l t r a n s d u c t i o n pathway) i s o l a t e d u s i n g b a r l e y c a l m o d u l i n 

cDNA probes ( L i n g e t a i . , 1991) and t h e Arabidopsis gene encoding the 

lOkDa p o l y p e p t i d e of P S I I (Gil-G6mez e t a i , , 1991), 

With t h e development of PGR c l o n i n g t e c h n i q u e s , s e v e r a l more 

Arabidopsis gene f a m i l i e s have been i s o l a t e d . P l a z i n s k l e t a i . (1991) 

have I s o l a t e d a f a m i l y o f Arabidopsis myosin genes u s i n g PGR, At l e a s t 

10 Arabidopsis a c t i n genes have a l s o been r e v e a l e d (Meagher, 1991). 

Arabidopsis l e n d s i t s e l f w e l l t o t h i s t e c h n i q u e , w i t h i t s lack of 

r e p e t i t i v e DNA t o i n t e r f e r e w i t h t h e PGR p r i m e r s and the s m a l l amount 

of DNA necessary f o r t h e r e a c t i o n . One o f t h e p r o b l e m a t i c aspects w i t h 

Arabidopsis i s t h e d i f f i c u l t y i n e x t r a c t i n g l a r g e amounts o f DNA w i t h 
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t h e s m a l l s i z e o f t h e genome and t h e s m a l l amount of t i s s u e a v a i l a b l e , 

t h e r e f o r e w i t h l i m i t i n g DNA, the PGR t e c h n i q u e i s more l i k e l y t o 

succeed than t h e c r o s s - h y b r i d i z a t i o n t e c h n i q u e . 

1.1,4 Arabidopsis ecotypes 

The use of Arabidopsis i n the l a b o r a t o r y i s now so widespread 

t h a t an Arabidopsis i n f o r m a t i o n s e r v i c e has been e s t a b l i s h e d which 

r e g u l a r l y p u b l i s h e s j o u r n a l s . A c o l l e c t i o n has a l s o been p u b l i s h e d 

l i s t i n g a l l t h e ecotypes w i t h t h e i r i n d i v i d u a l c h a r a c t e r i s t i c s and 

v a r i o u s s t r e n g t h s f o r l a b o r a t o r y work. The most commonly used ecotypes 

i n m o l e c u l a r b i o l o g y a r e the Columbia and Landsberg e r e c t a p l a n t s . The 

homozygous r e c e s s i v e m u t a t i o n e r e c t a was added t o t h e Landsberg s t r a i n 

t o produce a more compact p l a n t , w i t h g r e a t e r s u i t a b i l i t y f o r l a r g e -

s c a l e l a b o r a t o r y work. The ecotype Columbia was a l s o d e r i v e d f r o m the 

Landsberg s t r a i n by Redel ( P r u i t t and Meyerowitz, 1986). 

Arabidopsis c o l l e c t i o n number C24 ( t h e ecotype used i n t h i s 

p r o j e c t ) i s o f t e n known as Columbia; however C24 p l a n t s , when mature, 

a r e g l a b r o u s (have no t r i c h omes) whereas t h e t r u e Columbia ecotype 

has pubescent ( h a i r y ) stems and leaves. 
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1.2 Agrobacterium tumefaciens 

Agrobacterium tumefaciens was found t o be t h e c a u s a t i v e agent of 

crown g a l l tumours as l o n g ago as 1907 (Smith and Townsend). T h i s 

g r a m - n e g a t i v e s o i l phytopathogen i n f e c t s a t l e a s t 150 p l a n t genera, 

p r o d u c i n g tumours on most d i c o t y l e d o n o u s and s e v e r a l monocotyledonous 

s p e c i e s . 

The tumour p r o d u c t i o n was found t o be due t o t h e presence of a 

l a r g e (140-235kb) p l a s m i d , t h e tumour i n d u c i n g ( T i ) p l a s m i d (Zaenen ef 

a i . , 1974). B a c t e r i a t h a t have been cured o f t h e i r T i p l a s m i d are no 

l o n g e r a b l e t o induce tumours but when c o n j u g a t e d w i t h a v i r u l e n t 

s t r a i n , t h e tumour i n d u c i n g c a p a c i t y i s r e s t o r e d . 

I n a d d i t i o n t o t u m o u r i g e n e s i s , t h e T i p l a s m i d encodes a number 

of o t h e r f u n c t i o n s , i n c l u d i n g t h e p r o d u c t i o n o f phytohormones and one 

of a v a r i e t y o f unusual amino a c i d d e r i v a t i v e s (Braun and Wood, 1976), 

s p e c i f i c t o t h e b a c t e r i a r e s p o n s i b l e f o r i n c i t i n g t h e tumour, 

c o l l e c t i v e l y known as opi n e s ( f o r example, o c t o p i n e and n o p a l i n e ) . The 

a b i l i t y t o s y n t h e s i z e and c a t a b o l i z e the v a r i o u s o p i n e s may be used t o 

c l a s s i f y t h e T i p l a s m i d s . 

D u r i n g i n f e c t i o n , a s h o r t p o r t i o n o f the T i p l a s m i d (about 

2 0 k b ) , known as t h e t r a n s f e r (T) DNA, i s t r a n s f e r r e d from the pla s m i d 

t o t h e p l a n t c e l l . A n a l y s i s of crown g a l l tumour l i n e s ( G h i l t o n e t 

a i , , 1980), has shown t h a t T-DNA i n t e g r a t e s i n t o t h e nucleus of the 

s u s c e p t i b l e p l a n t , r e s u l t i n g i n t h e permanent t r a n s f o r m a t i o n d e s c r i b e d 

above. 

The t r a n s f e r p r o c e s s i s p a r t l y c o n t r o l l e d by t h e p r o d u c t s of a 

r e g i o n o f t h e T i - p l a s m i d , known as t h e v i r u l e n c e ( v i r ) r e g i o n . Also 

i n v o l v e d i n the t r a n s f e r process, i s a r e g i o n o f chromosomal DNA, 

known as t h e chromosomal v i r u l e n c e r e g i o n ichv). 
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1.2.1 T r a n s f e r DNA 

For t h e e x c i s i o n and t r a n s f e r o f the T-DNA t o be p r e c i s e , t h e r e 

must be sequences which d e f i n e i t s b o r d e r s , t h a t a r e r e c o g n i z e d by t h e 

Agrobacterium. Genetic a n a l y s i s has shown t h a t t h e T-DNA i s bounded by 

two e s s e n t i a l l y i d e n t i c a l 25bp d i r e c t r e p e a t s (Simpson e t a i . , 1982), 

the r i g h t and l e f t b o r d e r s . While d e l e t i o n of the l e f t border has no 

s i g n i f i c a n t e f f e c t on p a t h o g e n i c i t y , d e l e t i o n of the r i g h t border w i l l 

t o t a l l y a b o l i s h I t (Shaw e t a i . , 1984). The o r i e n t a t i o n o f the r i g h t 

b o r d e r has a l s o t o be conserved, when r e v e r s e d t he e f f i c i e n c y o f 

t r a n s f e r i s g r e a t l y a t t e n u a t e d . T h i s suggests t h a t T-DNA t r a n s f e r i s 

fr o m r i g h t t o l e f t and t h a t t h e d i r e c t i o n i s determined by t h e border 

sequences. S l i g h t d i f f e r e n c e s i n sequence, added t o th e e f f e c t s of the 

s u r r o u n d i n g sequences ( f o r example, t h e overdrive enhancer CVan Haaren 

e t a i . , 19871 ) enhance r i g h t and a t t e n u a t e l e f t border a c t i v i t y , 

r e s u l t i n g i n p o l a r DNA t r a n s f e r (Jen and C h i l t o n , 1986). 

T-DNA sequence a n a l y s i s has shown t h a t a l t h o u g h p a r t o f a 

p r o k a r y o t l c b a c t e r i u m , i t s genes have e u k a r y o t i c - 1 I k e promoters, lack 

i n t r o n s and c o n t a i n a p o l y a d e n y l a t i o n s i g n a l towards t h e i r 3' ends. By 

i n d u c i n g s i t e - d i r e c t e d m u t a t i o n s and a n a l y s i n g t r a n s c r i p t s , s e v e r a l 

l o c i w i t h i n t h e T-DNA have been i d e n t i f i e d . The op i n e synthase and 

s e c r e t i o n genes have been l o c a t e d (De Greve e t a i . , 1982; Sevan e t 

a i . , 1983; Messens e t a i , , 1985) as has the gene c o n f e r r i n g the 

Agrobacteriums o n c o g e n i c i t y towards t h e p l a n t host (Hooykaas e t a i . , 

1988). 

The tmr, tms and t ; n i l o c i ( i n v o l v e d i n a u x i n and c y t o k i n i n 

b i o s y n t h e s i s ) have a l s o been i d e n t i f i e d f r o m T-DNA (Reams e t a i . , 

1983) which e x p l a i n s why p l a n t c e l l s t r a n s f o r m e d w i t h T i T-DNA become 

Independent o f these g r o w t h r e g u l a t o r s and form turaourous growths 
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( B i n n s and Thomashow, 1988). 

1.2.2 The V i r u l e n c e Region 

The vir r e g i o n i s a 35kbp non T-DNA l i n k e d r e g i o n which p r o v i d e s 

most o f the t r a n s - a c t i n g f u n c t i o n s f o r T-DNA t r a n s f e r . E x p r e s s i o n o f 

vir i s t i g h t l y r e g u l a t e d , t h e r e f o r e i t i s t h e a c t i v a t i o n of t h i s 

r e g i o n which i n i t i a t e s t he t r a n s f e r process, Vir a c t i v a t i o n has been 

l i n k e d t o c e r t a i n p h e n o l i c exudates, such as a c e t o s y r i n g o n e (AS) and 

i t s a-hydroxy d e r i v a t i v e , which a r e produced by a c t i v e l y m e t a b o l i z i n g 

wounded p l a n t c e l l s ( S t a c h e l e t a i , , 1985; S t a c h e l e t a i . , 1986a). 

Other groups have i d e n t i f i e d l l g n i n p r e c u r s o r s such as c o n i f e r y l 

a l c o h o l and s i n a p i n i c a c i d (Hooykaas, 1989) and even some f l a v o n o i d s 

which may a c t as v i r i n d u c e r s . 

E x t e n s i v e a n a l y s i s o f t h e l ^ i r - r e g i o n o f a nopal in e C58 s t r a i n 

has shown t h a t i t i s o r g a n i z e d i n t o a t l e a s t s i x s e p a r a t e 

c o m p l e m e n t a t i o n groups t h a t a r e e i t h e r e s s e n t i a l f o r ( v j ' r A, B, D and 

G) o r t h a t enhance t h e e f f i c i e n c y o f ( v j ' r C and E) p l a n t c e l l 

t r a n s f o r r a a t i o n . 

The virk and v i r G p r o t e i n s appear t o f u n c t i o n as a 

chemoreceptor, s e n s i n g t he presence o f t h e wound exudates (Leroux e t 

a i , , 1987) and t r a n s m i t t i n g t h e i n f o r m a t i o n t o t h e i n s i d e of the 

b a c t e r i u m , v i r E encodes DNA b i n d i n g p r o t e i n s ( C h r i s t i e e t a i , , 1988) 

which cover s i n g l e - s t r a n d e d T-DNA molecules, p r o t e c t i n g them from 

c e l l u l a r n u c l e a s e s and f a c i l i t a t i n g t h e t r a n s f e r o f the T-strands 

t h r o u g h b a c t e r i a l membranes ( C i t o v s k y e t a i , , 1989). The f u n c t i o n s of 

th e v i r B p r o d u c t s a r e unknown but i t has been suggested t h a t t h e i r 

r o l e may be i n d i r e c t i n g T-DNA t r a n s f e r t h r o u g h t h e b a c t e r i a l membrane 

- 26 -



p o s s i b l y by t h e f o r m a t i o n o f a pore (Engstrom e t a i . , 1987), 

Mutant a n a l y s i s suggests t h a t V i r D l and VlrD2 a c t as a s i t e -

s p e c i f i c endonuclease t h a t r e c o g n i z e s and c l e a v e s the lower s t r a n d of 

the T-DNA b o r d e r sequences a t t h e 3'"'-"' and l* " * n u c l e o t i d e p o s i t i o n s 

a l l o w i n g T-DNA r e l e a s e by s t r a n d - d i s p l a c e m e n t DNA s y n t h e s i s ( A l b r i g h t 

e t a i . , 1987), The virD operon a l s o encodes a DNA-relaxing enzyme, 

s i m i l a r t o a topoisomerase (Ghai and Das, 1989). 

The v i r u l e n c e - r e l a t e d - p r o t e i n s (VRPs) a re a l s o induced i n 

Agrobacterium grown i n t h e presence o f AS (Engstrom e t a i , , 1987; 

Zambryski e t a i . , 1989), b u t t h e i r r o l e s , as y e t , remain t o be 

deter m i n e d . 

1.2.3 The Chromosomal V i r u l e n c e Region 

The chromosomal v i r u l e n c e genes a re expressed c o n s t i t u t l v e l y , 

which i m p l i e s perhaps some a d d i t i o n a l r o l e s i n o t h e r b a c t e r i a l - p l a n t 

i n t e r a c t i o n s . So f a r , t h e c h v - r e g i o n has been shown t o c o n t a i n f o u r 

d i f f e r e n t l o c i which a r e i n v o l v e d i n attachment o f Agrobacterium t o 

p l a n t c e l l s . 

chvA is t h o u g h t t o encode a t r a n s p o r t system which e x c r e t e s t he 

c y c l i c p - l - 2 - g l u c a n s y n t h e s i z e d by c i j v ^ (and a f f e c t e d by the pscA 

l o c u s [Marks e t a i . , 1987a]) i n t o t h e p e r i p l a s m (Cangelosi e t a i . , 

1989). The c e i l o c u s s y n t h e s i z e s t h e c e l l u l o s e f i b r i l s which cause the 

b a c t e r i a t o c l u s t e r when a t t a c h i n g t o t h e p l a n t c e l l s , t h us i n c r e a s i n g 

t h e i r I n f e c t i v i t y (Matthysse, 1983), 

The a t t l o c u s , i s n o t as w e l l d e f i n e d but a f f e c t s c e l l s u r f a c e 

p r o t e i n s i n v o l v e d i n b a c t e r i a l attachment (Matthysse, 1987), The r o s 

gene p r o d u c t s p e c i f i c a l l y r e p r e s s e s t h e virC and v i r D operons i n the 
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vir r e g i o n o f the T i p l a s m i d , p o s s i b l y by c o m p e t i t i o n f o r b i n d i n g 

s i t e s (Cooley e t a i . , 1991). 

1.2.4 The t r a n s f e r and i n t e g r a t i o n of T-DNA 

The f u n c t i o n o f th e T-DNA b o r d e r s can be more c l e a r l y shown by 

t h e g e n e r a t i o n o f a f r e e t r a n s f e r a b l e T-DNA copy, f o l l o w i n g the 

a c t i v a t i o n o f vir e x p r e s s i o n . Using t h e two border n o p a l i n e T i plasmid 

as an example ( S t a c h e l e t a i . , 1986b), a s i n g l e - s t r a n d e d molecule ( t h e 

T - s t r a n d ) i s produced a t a p p r o x i m a t e l y one copy per v i r ^ i n d u c e d 

b a c t e r i u m . The T - s t r a n d corresponds t o t h e lower s t r a n d o f th e T-DNA 

r e g i o n such t h a t i t s 5' and 3' ends map t o th e r i g h t and l e f t T-DNA 

bo r d e r s , r e s p e c t i v e l y . D o u b l e - s t r a n d e d l i n e a r m olecules o f T-DNA and 

c i r c u l a r T-DNA are a l s o found i n t r a n s f o r m e d p l a n t c e l l s (Veluthambi 

e t a i . , 1987; Yamamoto e t a i . , 1987), I t i s n o t known whether the T-

DNA i s i n t e g r a t e d i n t o t h e p l a n t genome v i a a s i n g l e - or double-

s t r a n d e d DNA i n t e r m e d i a t e . The c o n v e r s i o n o f th e T - s t r a n d t o a double-

s t r a n d e d f o r m i n b a c t e r i a o r i n p l a n t s has been shown t o be p o s s i b l e 

(Bakkeren e t a i , , 1989; G r l m s l e y e t a i , , 1987), 

T-DNA i n t e g r a t i o n a l s o r e l i e s on t h e response of the wounded 

p l a n t c e l l s . S t u d i e s suggest t h a t the p l a n t c e l l s must be d i v i d i n g and 

s y n t h e s i z i n g h o s t DNA f o r t h e i n t e g r a t i o n t o be s u c c e s s f u l (Gheyson e t 

a i . , 1987). 

Genetic mapping i n d i c a t e s t h a t T-DNA i n s e r t i o n i s randomn 

( W a l l r o t h e t a i . , 1986), however t h e h i g h f r e q u e n c y of s u c c e s s f u l gene 

f u s i o n s observed when i n s e r t i n g p r o m o t e r l e s s r e p o r t e r genes I n d i c a t e s 

t h a t T-DNAs a r e p r e f e r e n t i a l l y i n t e g r a t e d i n t o p o t e n t i a l l y t r a n s c r i b e d 

l o c i (Koncz e t a i . , 1989b). F u r t h e r r e s u l t s (Matsumoto e t a i . , 1990) 
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i n d i c a t e t h a t sequence homology between t h e incoming T-DNA and the 

p l a n t DNA has an i m p o r t a n t f u n c t i o n i n I n t e g r a t i o n . Rearrangements of 

t a r g e t p l a n t DNA, i n c l u d i n g d e l e t i o n s , i n v e r s i o n s and d u p l i c a t i o n s , 

occur d u r i n g t r a n s f o r m a t i o n , s u g g e s t i n g t h a t T-DNA i n t e g r a t i o n may 

r e l y on endogenous r e c o m b i n a t i o n . A model f o r T-DNA i n t e g r a t i o n 

i n v o l v i n g i l l e g i t i m a t e r e c o m b i n a t i o n has been d e s c r i b e d by Mayerhofer 

e t a i . (1991). 

1.2.5 Agrobacteriurn v e c t o r s 

The T i - p l a s m i d i s a h i g h l y e f f i c i e n t n a t u r a l v e c t o r f o r the 

t r a n s f e r o f DNA t o p l a n t c e l l s when combined w i t h a v i r u l e n t s t r a i n o f 

Agrobacterium. A l t h o u g h the mechanism o f DNA t r a n s f e r has o n l y begun 

t o be und e r s t o o d , we can take advantage o f t h i s system t o modify t h e 

pl a s m i d f o r a p p l i c a t i o n t o t h e g e n e t i c e n g i n e e r i n g o f p l a n t s . 

S e v e r a l b a s i c r e q u i r e m e n t s have t o be f u l f i l l e d when m o d i f y i n g 

th e p l a s m i d f o r use as a g e n e t i c e n g i n e e r i n g v e c t o r . As i t i s o n l y the 

DNA between t h e r i g h t and l e f t b o r d e r s o f t h e T-DNA t h a t i s 

t r a n s f e r r e d , these sequences d e f i n i n g t h e T-DNA must be determined and 

must remain i n t a c t i f an a c c u r a t e t r a n s f e r i s t o occur. 

Secondly, i f t h e t r a n s f o r m e d p l a n t c e l l s a r e t o be able t o 

d i f f e r e n t i a t e i n a normal manner, r a t h e r than p r o l i f e r a t e as tumours, 

t h e T-DNA c o d i n g f o r t h e oncogenic p r o p e r t i e s must be d e l e t e d . 

T h i r d l y , once t h e oncogenic p r o p e r t i e s are d e l e t e d , a marker 

must be i n t r o d u c e d t o s i m p l i f y d i f f e r e n t i a t i o n between t r a n s f o r m e d and 

un t r a n s f o r m e d c e l l s . S e l e c t a b l e markers and r e p o r t e r genes i n c l u d e 

a n t i b i o t i c r e s i s t a n c e s and e x p r e s s i o n systems such as p - g l u c u r o n i d a s e 

and l u c i f e r a s e , 
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F i n a l l y , i n o r d e r t o make t h e eng i n e e r e d p l a s m i d as v e r s a t i l e as 

p o s s i b l e , a m u l t i p l e c l o n i n g s i t e w i t h i n t he T-DNA makes f u r t h e r 

m a n i p u l a t i o n s much more s t r a i g h t f o r w a r d . 

Two t r a n s f e r systems have now been developed, t h e ' c i s ' and 

' trans' v e c t o r systems. The ' cis' system i s based on a r e c o n s t r u c t e d 

T l - p l a s m l d , where t h e r e q u i r e d DNA can be I n s e r t e d I n t o the T-reglon 

a l o n g w i t h a d r u g r e s i s t a n c e marker (Matzke and C h i l t o n , 1981). The 

T l - p l a s m l d s own v i r u l e n c e genes a re used i n the t r a n s f e r , hence the 

• c i s ' , 

The b i n a r y o r ' trans' system uses a m i n l - T i - p l a s m i d t h a t can 

r e p l i c a t e I n E.coli t h e r e f o r e f a c i l i t a t i n g c l o n i n g t e c h n i q u e s . The 

m i n i - T l c o n t a i n s a f u l l - l e n g t h T-DNA bounded by the border sequences. 

I n t o which t h e r e q u i r e d DNA i s added. A second plasmid, the vir 

p l a s m i d , c o n t a i n i n g t h e e n t i r e v i r u l e n c e r e g i o n . I s a l s o added t o the 

Agrobacterium h o s t and p r o v i d e s t h e t r a n s f e r f u n c t i o n s f o r t h e T-DNA 

I n 'trans' (Rogers e t a i . , 1987a and b ) . 

1.2.6 Agrobacterium transformation of Arabidopsis 

The s u i t a b i l i t y o f Arabidopsis thaliana as a l a b o r a t o r y p l a n t I s 

f u r t h e r i n c r e a s e d by I t s s u s c e p t i b i l i t y t o i n f e c t i o n by Agrobacterium 

tumefaciens. 

I n i t i a l a t t e m p t s a t t r a n s f o r m a t i o n f o l l o w e d t he methods 

developed f o r P e t u n i a and Tobacco (Horsch e t a i . , 1985), u s i n g l e a f 

d i s c e x p l a n t s o f Arabidopsis (Columbia) c o c u l t l v a t e d w i t h an A208 

b i n a r y Agrobacterium s t r a i n ( L l o y d e t a i , , 1986), T r a n s f o r m a t i o n 

e f f i c i e n c y was l a t e r found t o be in c r e a s e d by t h e presence of 

a c e t o s y r i n g o n e ( S h e i k h o l e s l a m and Weeks, 1987), 
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Schmidt and W i l l m i t z e r (1988) developed l e a f and c o t y l e d o n 

t r a n s f o r m a t i o n methods w i t h improved e f f i c i e n c y . T h e i r r e s u l t s showed 

t h a t the Arabidopsis ecotype and t h e Agrobacterium s t r a i n have a f a r 

more d r a s t i c i n f l u e n c e on t h e t r a n s f o r m a t i o n e f f i c i e n c y than the type 

o f e x p l a n t or i t s age. T h e i r r e s u l t s i n d i c a t e d t h a t Arabidopsis C24 

had a h i g h e r t r a n s f o r m a t i o n r a t e than e i t h e r Landsberg e r e c t a or 

W a s s i l e w s k i j a e c o types w i t h the C58 Agrobacterium s t r a i n s . The b i n a r y 

C58 s t r a i n s were e q u a l l y e f f i c i e n t as t h e c i s C58 s t r a i n s w i t h C24 but 

were l e s s e f f i c i e n t w i t h t h e o t h e r Arabidopsis s t r a i n s . 

The system f e a t u r e d i n t h i s p r o j e c t was developed by Valvekens 

e t a i , (1988). The p r o c e d u r e i s e s s e n t i a l l y t h e same as t h e l e a f d i s c 

t r a n s f o r m a t i o n but i n s t e a d o f u s i n g l e a f t i s s u e , r o o t e x p l a n t s were 

c o c u l t i v a t e d w i t h Agrobacterium tumefaciens. Regeneration o f the r o o t 

e x p l a n t s i s r e p u t e d t o be c o n s i d e r a b l y f a s t e r and more e f f i c i e n t than 

t h a t o f the l e a f t i s s u e , Arabidopsis ecotypes C24 and Landsberg erecta 

were found t o be e q u a l l y e f f i c i e n t when t r a n s f o r m e d w i t h the b i n a r y 

C58 Agrobacterium s t r a i n , however, ecotype Columbia tended t o be 

s l o w e r and l e s s e f f i c i e n t a t shoot f o r m a t i o n . F u r t h e r work examining 

t h e r a t e o f spontaneous mutagenesis d u r i n g r o o t r e g e n e r a t i o n 

(Valvekens and Van Montagu, 1990) showed t h a t t h e r a t e i s low enough 

t o have no severe i m p l i c a t i o n s when a p p l y i n g the r o o t t r a n s f o r m a t i o n 

method f o r r e g u l a r use. 

Other methods have been used t o t r y t o improve the e f f i c i e n c y o f 

t h e system. Feldmann and Marks (1987) have p u b l i s h e d a n o n - t i s s u e 

c u l t u r e method i n which g e r m i n a t i n g seeds o f W a s s i l e w s k i j a Arabidopsis 

a r e t r a n s f o r m e d by c o c u l t i v a t i n g w i t h a C58 c i s Agrobacterium s t r a i n . 

T h i s t e c h n i q u e has proved s u c c e s s f u l , e s p e c i a l l y i n T-DNA mutagenesis 

s t u d i e s , but t h e t r a n s f o r m a t i o n and s c r e e n i n g o f thousands o f seeds i s 

necessary i n o r d e r t o i d e n t i f y any t r a n s f o r m a n t s , 
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Arabidopsis thaliana a l s o p r o v i d e s a u s e f u l e x p r e s s i o n system. 

The s u s c e p t i b i l i t y t o Agrobacterium t r a n s f o r m a t i o n , and the speed and 

q u a n t i t y o f t h e p r o d u c t i o n o f f i r s t and second g e n e r a t i o n t r a n s g e n i c 

p l a n t s a l l o w s t h e a n a l y s i s o f e x p r e s s i o n o f engi n e e r e d genes. 

1.2.7 T-DHA I n s e r t i o n a l mutagenesis In Arabidopsis thaliana 

As w e l l as b e i n g used t o add engin e e r e d genes t o the Arabidopsis 

genome, /4g-roi)acteriuro-mediated t r a n s f o r m a t i o n a l s o a l l o w s new genes 

w i t h i n t h e genome t o be I d e n t i f i e d . Two d i f f e r e n t T-DNA i n s e r t i o n 

mutagenesis t e c h n i q u e s have a l r e a d y been used t o I s o l a t e genes i n 

/ I r a i i d o p s j s . 

One approach has been t o use p r o m o t e r l e s s c o n s t r u c t s t o 

e l i m i n a t e t h e somaclonal v a r i a n t s induced i n c u l t u r e and t o focus on 

t r a n s f o r m a n t s I n which T-DNA i n s e r t i o n I n t o a c t i v e genes has o c c u r r e d 

(Andre e t a i . , 1985). Koncz ef a i . (1989a and b) f u r t h e r developed t he 

t e c h n i q u e u s i n g a p r o m o t e r l e s s kanamycln r e s i s t a n c e r e p o r t e r gene 

(kanamycin r e s i s t a n c e ) l i n k e d t o t h e r i g h t end o f t h e T-DNA, 

t r a n s f o r m e d i n t o p l a n t s a l o n g w i t h a p l a s m i d r e p l l c o n and a s e l e c t a b l e 

h y g r o m y c l n - r e s i s t a n c e gene. T r a n s c r i p t i o n a l and t r a n s l a t l o n a l r e p o r t e r 

gene f u s i o n s were I d e n t i f i e d by s c r e e n i n g f o r kanamycin r e s i s t a n c e , 

and t h e gene f u s i o n s were rescued f r o m t h e p l a n t s by t r a n s f o r m a t i o n o f 

th e T-DNA-1inked p l a s m i d and f l a n k i n g p l a n t DNA I n t o E.coli. Several 

t i s s u e - s p e c i f i c p r o m o t e r s were i n i t i a l l y I d e n t i f i e d and t h e technique 

has s i n c e been used t o i s o l a t e t h e n u c l e a r gene, cij-42, encoding a 

n o v e l c h l o r o p l a s t p r o t e i n (Koncz e t a i . , 1990), 

The second approach has i n v o l v e d s c r e e n i n g p l a n t s f o r m u t a t i o n s 

produced a f t e r seed t r a n s f o r m a t i o n w i t h A. tumefaciens (Feldraann and 
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Marks, 1987), This technique depends on a large scale transformation 

programme and the screening of thousands of o f f s p r i n g to f i n d 

mutations t h a t co-segregate w i t h a s e l e c t a b l e marker gene. 

Approximately 19% of these random. T-DNA i n s e r t s are reported to 

generate phenotypes (compared to only 1% reported f o r the previous 

method), r e s u l t i n g i n a wide range of p u t a t i v e l y tagged mutants 

(Feldmann et a i . , 1989; 1990). I s o l a t e d genes include those required 

f o r trichome formation (Marks and Feldmann, 1989), f l o r a l development 

(Yanofsky et al,, 1990) and embryogenesls (Errampalli et al. , 1991). 
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1.3 M e t a l l o t h l o n e i n 

C e r t a i n metal ions, such as zinc, copper and i r o n , are essential 

components i n a v a r i e t y of enzymic reactions, but when present in 

higher concentrations, can be h i g h l y t o x i c . Other ions, such as 

cadmium and mercury, are not known to have any b i o l o g i c a l f u n c t i o n and 

have only t o x i c e f f e c t s . A v a r i e t y of mechanisms of metal tolerance 

have been described i n both prokaryotic and eukaryotic systems. Some 

mechanisms are m e t a l - s p e c i f i c , while others can f a c i l i t a t e 

d e t o x i f i c a t i o n of a range of d i f f e r e n t metal ions. 

Metal l o t h l o n e i n s (MTs) bind to metal ions i n the cytoplasm. They 

are believed to ' b u f f e r ' the l e v e l of f r e e metal ions w i t h i n c e l l s 

and, as such, may serve to d e t o x i f y excess metal. The f i r s t MT was 

i s o l a t e d from equine renal cortex as a cadmium-binding pr o t e i n 

CMargoshes and Vallee, 1957), but MTs and MT genes have since been 

i s o l a t e d from a wide range of vertebrates. Invertebrates, fungi and 

cyanobacterla (Karin and Richards, 1982; Maroni et a/., 1986; Munger 

et al., 1987; Robinson a i . , 1990). 

Analysis revealed MTs to be low molecular weight, s i n g l e chain 

p r o t e i n s w i t h high numbers of metal-binding cysteine residues, 

t y p i c a l l y arranged i n Cys-X-Cys amino aci d repeat motifs (where X i s 

an amino acid other than cysteine) which bind the metal ions with 

t h l o l a t e bonds. Analysis of the secondary s t r u c t u r e by both X-ray 

c r y s t a l l o g r a p h y and NMR spectroscopy revealed two metal-binding 

domains i n animal MTs. Metal ions (such as cadmium) are bound in 

c l u s t e r s of four and three ions formed by b r i d g i n g and terminal 

cysteine t h i o l a t e ligands. The s t r u c t u r e i s folded i n t o two domains; 

the N-terminal (0) enfolds the three metal c l u s t e r , the remaining four 

metal ions are bound w i t h i n the C-terrainal (a) domain (Furey et al. , 
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1987). Mammalian MT i s s t a b i l i z e d by a t o t a l of 42 intramolecular Cys-

metal-Cys c r o s s - l i n k s , 24 of which are i n the a-domain and only 18 i n 

the p-domain, r e s u l t i n g i n a lower conformational s t a b i l i t y and 

c o l l e c t i v e a f f i n i t y f o r the metal i n the l a t t e r . The Cys side chains 

of the p-domain are therefore more accessible to a l k y l a t i n g agents and 

have a greater tendency to lose metal (Bernhard et al. , 1986), This i s 

also r e f l e c t e d by the sequence i n which the c l u s t e r s are b u i l t up when 

metal ions are added to the apoprotein. The exchange of metal ions i s 

thought to be considerably f a s t e r from the p-doraain, so i t i s t h i s one 

that i s thought to be more l i k e l y to be involved i n the trans f e r of 

metal ions t o apometal loenzymes, i f i n f a c t MTs also f u n c t i o n as a 

metal ion r e s e r v o i r which d i r e c t l y donate metal ions to metal-

r e q u i r i n g apoenzymes (Haraer, 1986). A l t e r n a t i v e l y , MT could serve as a 

'metal-reservoir' but the metals could be released when required v i a 

p r o t e i n degradation. 

MTs i s o l a t e d from most vertebrates and some fungi ( f o r example, 

Neurospora [Lerch and B e l t r a m i n i , 19831 and Agaricus CMunger and 

Lerch, 19851) show extensive sequence homology to equine renal cortex 

MT, these have been designated class I MTs. 

Class I I MTs are found i n prokaryotes such as Synechococcus sp. 

and i n some yeasts, eg, Saccharomyces cerevisiae, (Olafson et a i . , 

1988; Hamer, 1986) and although they have no d i r e c t sequence 

r e l a t i o n s h i p s w i t h class I , they also contain metal-binding cysteine 

residues, t y p i c a l l y In Cys-X-Cys motifs, and they are synthesized 

f o l l o w i n g exposure t o elevated metals. 

Class I MTs display extensive polymorphism. Mammalian tissues 

u s u a l l y contain two or more d i s t i n c t isoforms, grouped i n t o two major 

f r a c t i o n s , MT-1 and MT-2, d i f f e r i n g by a s i n g l e negative charge at 

n e u t r a l pH. In many cases, there are also subforms w i t h i n these 
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f r a c t i o n s , separable by HPLC and s p e c i f i e d as MT-la, MT-lb etc. The 

various isoforms e x h i b i t small d i f f e r e n c e s i n t h e i r binding a f f i n i t y 

f o r metal ions, but otherwise appear to have s i m i l a r biochemical 

p r o p e r t i e s . Some of the m u l t i p l i c i t y of MTs has been confirmed by gene 

cl o n i n g experiments showing that animal MTs are encoded by a m u l t i -

gene fa m i l y (Hamer, 1986). 

Synthesis of MTs i s induced, i n response to elevated 

concentrations of c e r t a i n trace metal ions, at the t r a n s c r i p t i o n a l 

l e v e l . This i s mediated through I n t e r a c t i o n s between upstream 

r e g u l a t o r y DNA sequences and t r a n s - a c t i v a t i n g c e l l u l a r f a c t o r s (Karin 

et a]., 1984; Carter et a i . , 1984). The ACEl or CUP2 locus from yeast 

c o n s t i t u t i v e l y expresses a t r a n s - a c t i v a t i n g f a c t o r , which i n the 

apoprotein form, cannot bind to DNA. In the presence of the copper or 

s i l v e r ion, the araino-terralnal domain undergoes a conformational 

switch i n t o a folded, protease-resistant form that s p e c i f i c a l l y 

recognizes the C(/P1 upstream a c t i v a t o r sequence (Culotta et al. , 

1989). 

D i f f e r e n t isoforms of human MT have shown d i f f e r e n t i a l 

t r a n s c r i p t i o n responses: the hMT-l^ promoter i s responsive only to 

cadmium, whereas the hMT-S^ promoter i s responsive to zinc and 

g l u c o c o r t i c o i d s as wel l as cadmium (Richards et al. , 1984). MT 

expression can also be a l t e r e d by changes i n gene s t r u c t u r e , such as 

a m p l i f i c a t i o n and methylation, and by c e l l u l a r d i f f e r e n t i a t i o n and 

development (Compere and Palmiter, 1981). 

The f u n c t i o n of MT, even i n animals, i s s t i l l a subject of 

debate. The presence of the multi-gene family and the d i f f e r e n t i a l 

responses of the various Isoforms of MTs imply that there may be 

d i v e r s i t y i n the f u n c t i o n of the d i f f e r e n t genes. A r o l e i n metal 

metabolism and/or d e t o x i f i c a t i o n i s st r o n g l y suggested by i t s 
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i n d u c t i o n and binding to metals. Other functions suggested f o r MT 

include c o n t r o l of the i n t r a c e l l u l a r redox p o t e n t i a l , a c t i v a t e d oxygen 

d e t o x i f i c a t i o n or r o l e s i n sulphur metabolism, but at present, no 

experimental evidence i s a v a i l a b l e (Hamer, 1986), 

The p o s s i b i l i t y that MT Is involved i n t r a n s f e r of metal ions to 

apometalloenzymes has led to several studies of MT metal exchange 

reactions. Mammalian zinc-MT can r e a c t i v a t e various zinc-dependent 

enzymes i n c l u d i n g carbonic anhydrase, aldolase, thermolysin and 

a l k a l i n e phosphatase i n vitro w i t h approximately the same rates as 

inorganic zinc s a l t s (Udom and Brady, 1980). 

MT may have a m e t a l l o r e g u l a t o r y f u n c t i o n i n c e l l u l a r r e p a i r 

processes, growth and d i f f e r e n t i a t i o n . In view of the known e f f e c t s of 

zinc on DNA and RNA polymerases, and I t s serving as a s t r u c t u r a l 

modulator of the zinc f i n g e r domains i n several DNA-binding proteins, 

i t has been hypothesized that Zn-MT plays a part in the storage, 

transmission and the expression of genetic information <KMgi and 

SchSffer, 1988; Zeng et a i . , 1991). Furthermore, i t has r e c e n t l y been 

demonstrated that MT-accumulates w i t h i n the nucleus of c e r t a i n animal 

c e l l s at S-phase (Tsujlkawa et a i . , 1991). 

1.3.1 Metal ions i n metabolism 

The uptake of phytotoxlc amounts of metals can r e s u l t in 

i n h i b i t i o n of several enzymes and an Increase in a c t i v i t y of others. 

Enzyme i n h i b i t i o n i s predominantly by binding of the metal to 

sulphydryl groups involved i n the c a t a l y t i c a c t i v i t y or the s t r u c t u r a l 

i n t e g r i t y of enzymes. I n a c t i v a t i o n can also occur through the 

d e f i c i e n c y of an e s s e n t i a l metal i n m e t a l l o p r o t e i n s or metal-protein 
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complexes, which may be combined with s u b s t i t u t i o n of a t o x i c metal 

f o r the d e f i c i e n t element, The Induction of some enzymes i s considered 

to play a s i g n i f i c a n t r o l e i n the metal-induced stress metabolism (Van 

Assche and C l i j s t e r s , 1990). 

The p a r t i c i p a t i o n of metal ions i n metabolic processes i s 

widespread, I r o n p r o t e i n s are oft e n involved i n e l e c t r o n t r a n s f e r , f o r 

example, f e r r e d o x l n s and cytochromes. Copper-containing pr o t e i n s are 

present i n various forms, some a c t i n g i n one-electron t r a n s f e r 

processes ( f o r example, plastocyanin), some as peroxide-producing 

oxidases ( f o r example, galactose oxidase and amine oxidase) and some 

as two-electron acceptors i n o x i d a t i o n processes ( f o r example, 

tyrosinase, an o-phenol monooxygenase) (reviewed i n C l i j s t e r s and Van 

Assche, 1985), 

Superoxide dismutase (SOD) catalyses the conversion of the 

superoxide r a d i c a l (O^;") to hydrogen peroxide and oxygen (Sal i n , 

1987), Iron-SOD has been i s o l a t e d from Euglena (Lengfelder and 

Elstner, 1979) and Brassica ( S a l l n and Bridges, 1980). Copper-zinc-SOD 

was demonstrated i n animals, fu n g i and higher plants (Asada et al. , 

1977) and manganese-SOD i n the mitochondria of higher plants (Palma et 

al., 1986). 

Zinc has widespread f u n c t i o n s w i t h i n the organism, a c t i n g almost 

l i k e a vitamin. Z i n c - c o n t a i n i n g carbonic anhydrase promotes hyd r o l y s i s 

and h y d r a t i o n reactions i n v o l v i n g carbonyl groups, f o r example, the 

hyd r a t i o n of acetaldehyde or the h y d r o l y s i s of a toluenesulphonic acid 

sulphone (Sandmann and Boger, 1983). Alcohol dehydrogenases are also 

dependent on zinc, as are a l k a l i n e phosphatases, phospholipases, 

carboxy- and amino-peptidases and RNA and DNA polymerases. Zinc 

d e f i c i e n c y also a f f e c t s the synthesis of tryptophane and lAA, and 

ribosome s t a b i l i t y (Clarkson and Hanson, 1980), Over recent years, 
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zinc has been shown to be a necessary co-factor to DNA-binding 

p r o t e i n s i n c l u d i n g the h i g h l y p u b l i c i z e d ' z i n c - f i n g e r ' proteins. These 

re g u l a t o r y p r o t e i n s are thought to recognize and bind to a s p e c i f i c 

DNA sequence v i a a z i n c - f i n g e r s t r u c t u r e . The zinc-binding domains are 

characterized by Cys-Cys...His-His or Cys-Cys...Cys-Cys sequence u n i t s 

w i t h a constant spacing of 12 or 13 amino acids between the inner 

llgands. The zinc i s bound between the p a i r s of Cys and His residues 

causing the p r o t e i n to f o l d up i n t o a m u l t i - f i n g e r e d s t r u c t u r e . The 

number of f i n g e r s present and the spacing between them can be varied, 

thus a v a r i a t i o n i n the strength of the i n t e r a c t i o n and a high level 

of s p e c i f i c i t y i n r e c o g n i t i o n can be achieved. In a d d i t i o n to the Zn-

f i n g e r p r o t e i n s , there are also a number of other Zn-requiring DNA-

binding p r o t e i n s which form other t e r t i a r y s t r u c t u r e s ( f o r review, 

Harrison, 1991). 

1.3.2 Metal binding polypeptides and p r o t e i n s i n higher p l a n t s 

Class I I I MTs (cadystin; phytochelatln; ysl^t^n'yl metal-binding 

peptide; phyto-metallothionein and polyCyglutarayl-cysteinyllglycine or 

[ Y E C I ^ G ) have been proposed to bind and d e t o x i f y c e r t a i n metal ions 

w i t h i n higher plants. Unlike the g e n e t i c a l l y encoded classes I and I I , 

c lass I I I MTs are synthesized from g l u t a t h i o n e and/or ^-glutamyl 

cysteine and consi s t of repeating YSl'̂ t='"̂ y I c y s t e i n y l u n i t s with a 

s i n g l e C-terrainal g l y c i n e (or p-alanine) residue ([yGlu-Cys] .iGly, 

where n = 2 - 11 ), 

Metal ions are aggregated i n a c l u s t e r containing several (yGlu-

Cys),.,GIy molecules. Complexes are extremely heterogeneous because of 

m u l t i p l e peptide components and the many possible combinations that 
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can a r i s e from these mixtures, 

Phytochelatins were o r i g i n a l l y described from the yeast 

Scbizosaccharomyces pombe (Murasugl et al., 1981) where they were 

found to be i n d u c i b l e by cadmium, The a b i l i t y to synthesize these 

polypeptides has since been shown to be conserved through the most 

advanced higher plants ( f o r example, the Orchldales) to the more 

p r i m i t i v e red, green and brown algae (Steffens, 1990), 

Phytochelatin synthesis i s Induced by a number of d i f f e r e n t 

metals, w i t h cadmium as the strongest inducer and zinc as one of the 

weakest. In Euglena gracilis, exposure to zinc d i d not induce 

synthesis of Zn-(YEC),-,G, the m a j o r i t y of the zinc present was found in 

a low molecular weight pool (Shaw et al., 1989). Data suggests that 

(yEOviG i s only l i k e l y to weakly associate with zinc, i f at a l l , in 

vivo (Reese and Wagner 1987a and b). 

The s i m i l a r i t y of phytochelatins to g l u t a t h i o n e (GSH: 7-Glu-Cys-

Gly) Indicates t h a t t h e i r biosynthesis shares a common enzymology. 

G r i l l et al. (1989) i d e n t i f i e d the heavy metal a c t i v a t e d phytochelatin 

synthase as the enzyme c a t a l y s i n g the stepwise a d d i t i o n of 7-

glutarayIcystelne from GSH to phytochelatin oligomers. 

Although i t i s evident that phytochelatins play a c e n t r a l r o l e i n 

the d e t o x i f i c a t i o n of excess metals and are also involved in metal ion 

homoeostasis, recent evidence suggests that they may not enjoy an 

exclusive r o l e as the heavy metal-binding polypeptides of plants. 

The E,- p r o t e i n , i s o l a t e d from wheatgerm, i s known to bind zinc 

(Lane et al. , 1987), possibly a c t i n g as a zinc storage p r o t e i n . I t s 

abundant Cys-X-Cys m o t i f s and i t s a b i l i t y to bind zinc have led to i t 

being designated a class I I MT. The presence of e i t h e r class I or I I 

MT in vegetative plant t i s s u e has not yet been confirmed, although the 

i s o l a t i o n of a metal-binding low molecular weight p r o t e i n from maize 
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s e e d l i n g s , p r o b a b l y analogous t o animal MT, has been d e s c r i b e d 

(Leblov6 and Sp l r h a n z l o v 6 , 1987). 

1.3.3 PsMTf, 

The PsMT^ gene, i s o l a t e d from Pisum sativum, has an open reading 

frame encoding a p r o t e i n w i t h sequence homology to class I MTs (Evans 

et a i . , 1990a). The coding region consists of two MT-like domains, i n 

the f i r s t of which 14 out of 26 amino acids are I d e n t i c a l to 

Neurospora crassa class I MT. PsMT^ t r a n s c r i p t s are hi g h l y abundant In 

roots even when not exposed to high concentrations of trace metals. 

Two f u r t h e r genes PSMTB, and PsMTc have since been is o l a t e d , along 

w i t h homologous genes from a l f a l f a and Phaseolus vulgaris (Bryden and 

Tommey, personal communication). Other r e l a t e d genes, a l l of which 

encode the two domain MT-like p r o t e i n s have been detected i n Mimulus 

guttatus (de Miranda et a i . , 1990)), soybean (Chlno et a i . , 

unpublished), maize (de Framond, 1991) and barley (Okumura et a i . , 

1991). 

The r e g u l a t i o n and f u n c t i o n of these genes i s s t i l l under 

i n v e s t i g a t i o n . In order to confirm that the genes are in f a c t MT 

genes, c h a r a c t e r i z a t i o n of t h e i r p u t a t i v e products i s necessary as 

we l l as the determination of t h e i r a c t i o n w i t h i n the plant. 
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1.3.4 Metal-blndlng p r o t e i n s I n Arabidopsis 

Although, no homologues have been detected using cross-

h y b r i d l z a t l o n to a PsMT^^ probe or that are a m p l i f i e d using PsMT^, PGR 

primers, an MT-like gene has r e c e n t l y been i s o l a t e d from Arabidopsis 

by Chlno et a i , (unpublished). With the range of species that have now 

been reported to encode an MT-like p r o t e i n , i t would appear highly 

probable t h a t most, I f not a l l , plant species have at least one MT 

gene. 

The i n t e r a c t i o n s of heavy metals w i t h Arabidopsis has also been 

studied using heavy metal s e n s i t i v e mutagenized seeds. Mutants have 

been i d e n t i f i e d which display cadmium and mercury s e n s i t i v i t y , but are 

only s l i g h t l y s e n s i t i v e to copper and zinc. This suggests that these 

are mutants i n a s p e c i f i c d e t o x i f i c a t i o n mechanism. So f a r , the 

mutation has been mapped to chromosome 5, and a chromosome walk i s now 

being undertaken to i s o l a t e the gene involved (Cobbett et a i . , 1991). 

1.3.5 Engineered e x p r e s s i o n of mammalian MT i n p l a n t s 

B i o t e c h n o l o g i s t s have, f o r several years, been attempting to 

engineer MT i n t o p l a n t s i n order to e i t h e r produce metal t o l e r a n t 

p l a n t s or, on a more fundamental scale, t o e l u c i d a t e more d e t a i l s of 

MT f u n c t i o n and ac t i o n . As f a r as crop production i s concerned, MT may 

be useful f o r decreasing chronic, low-level cadmium exposure in 

humans, as the bulk of cadmium intake i n man i s derived from 

a g r i c u l t u r a l crops. 

A cDNA clone of Chinese hamster MT-II was introduced by a 

systemic i n f e c t i o n i n t o t u r n i p <Brassica campestris) using a 
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recombinant c a u l i f l o w e r mosaic v i r u s (Lefebvre et al., 1987). Infected 

t i s s u e was found to contain MT at a l e v e l of 0.5% of the soluble leaf 

p r o t e i n , had four times the cadmium-binding capacity of c o n t r o l leaves 

and conferred tolerance to lOmM cadmium, 

M a i t i et al. , (1988, 1989 and 1991) improved the system by 

transforming tobacco (.Nicot iana tabacum) with mouse MT using 

Agrobacterium tumef aciens, r e s u l t i n g i n seed-transmissable MT 

expression. Their r e s u l t s corroborate those of Lefebvre et a i , (1987) 

i n suggesting t h a t c h e l a t i o n of excess f r e e cadmium was the mechanism 

of tolerance. Cadmium tolerance i n very young seedlings was found to 

be a f f e c t e d by l e v e l s of MT 5 to 10 times lower (0.06% to 0.1% soluble 

leaf p r o t e i n ) than those obtained by Lefebvre. Their r e s u l t s also 

suggest t h a t MT may a f f e c t the steady s t a t e l e v e l s of cadmium by 

a l t e r i n g the r a t e of uptake or discharge of cadmium i n leaves. 

A l t e r n a t i v e l y , MT may reduce the t r a n s l o c a t i o n of cadmium from roots 

to upper p a r t s of the pla n t s , again r e s u l t i n g i n an o v e r a l l decrease 

i n cadmium i n the leaves. 
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1.4 Transposable elements 

A transposable genetic element (or transposon) i s a piece of DNA 

that can move independently from place to place w i t h i n a genome. 

Transposable elements were f i r s t i d e n t i f i e d i n maize plants by Barbara 

McClintock (1963). S i m i l a r elements have since been found in many 

other organisms (Bingham et a i . , 1981; Moerman et a i . , 1986). 

U n t i l the l a t e 1970s, the genome was thought to be completely 

sta b l e , w i t h each gene occupying a f i x e d p o s i t i o n on a p a r t i c u l a r 

chromosome. Transposition was discovered from studies of unstable 

pigment mutations, i n most cases, a mutation produces an i r r e v e r s i b l e 

i n a c t l v a t i o n of a gene, with a back mutation (or reversion) almost 

never occurring. However i n a few cases, the frequency of reversion i s 

so high that the organism i s produced with patches of mutant and 

rev e r t a n t t i s s u e and can the r e f o r e have a variegated appearance. This 

v a r i e g a t i o n has since been shown to a r i s e from the i n s e r t i o n of a 

transposable element i n t o the gene, blocking i t s expression, followed 

by i t s t r a n s p o s i t i o n away and the r e s t o r a t i o n of f u n c t i o n . 

Transposable elements f a l l i n t o two classes. One class can 

promote t h e i r own t r a n s p o s i t i o n and are, therefore, autonomous. The 

second class of elements are unable to transpose without the presence 

of an autonomous element In the same c e l l , a c t i n g i n trans. 

Elements of both classes have been characterized from maize, the 

most well-known being the Ac/Ds and the Spm (.En') systems. Ac 

( A c t i v a t o r ) and Spm (Suppressor-mutator) are both autonomous elements, 

but only Ac can t r a n s a c t i v a t e Ds ( D i s s o c i a t i o n ) . The other w e l l -

c haracterized transposable element f a m i l y i s the autonomous fajji f amily 

from Antirrhinum majus, 
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1.4.1 Transposon tagging 

Transposable elements have no obvious phenotype unless they 

i n s e r t Into a gene (or the c o n t r o l l i n g regions surrounding a gene) 

tha t has a v i s i b l e phenotype. The movement of transposons has been 

studied using genes that encode, f o r example, the biosynthesis of 

anthocyanin pigments of maize (McClintock, 1963) and flower 

pigmentation i n Antirrhinum majus (Bonas et a i . , 1984). By using the 

process i n reverse, however, w i t h a transposon-specific h y b r i d i z a t i o n 

probe, a dis r u p t e d gene (whose products are often unknown) can be 

is o l a t e d . This technique has been used to i s o l a t e a v a r i e t y of genes. 

I n i t i a l l y i n Drosophila melangaster (Bingham et a i . , 1981), then 

f u r t h e r developed f o r use in plants (Federoff et a i , , 1984; Martin et 

a i . , 1985). 

Transposon-tagging has been l i m i t e d by the small number of 

elements that have been f u l l y characterized and the l i m i t e d number of 

species that contain these p a r t i c u l a r elements. This problem has since 

been overcome by the I n t r o d u c t i o n of characterized transposons i n t o 

the novel p l a n t host v i a /4gTo6acteriui?3-mediated transformation. The 

Spm element has been introduced and shown to transpose w i t h i n both the 

Nicotiana tabacum and the Solanum tuberosum genomes (Masson and 

Federoff, 1989; Frey et a i , , 1989). In a d d i t i o n to both these genomes, 

the Ac element has also been shown to transpose i n Lycopersicon 

esculentum (Yoder et a i . , 1988), Glycine max (Zhou and Atherly, 1990), 

Oryza sativa (Izawa et a i . , 1991), Daucus carota and Arabidopsis 

thaliana (Van Sluys et a i . , 1987). Tam3 has also been shown to 

transpose i n tobacco (Martin et a i . , 1989); however, the frequency of 

t r a n s p o s i t i o n appears to be less than that of Ac. 

Complications may a r i s e with t h i s technique because the 
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transposon may I n s e r t i n t o a great many s i t e s i n the genome, causing 

d i f f i c u l t i e s i n the i s o l a t i o n of the gene of i n t e r e s t . A pronounced 

d i f f e r e n c e i n dosage e f f e c t has been shown wi t h Ac i n maize and 

tobacco. In maize, the increase i n number of a c t i v e Ac elements 

r e s u l t s i n a decrease of t r a n s p o s i t i o n , while i n tobacco, more copies 

of Ac cause more t r a n s p o s i t i o n (Hehl and Baker, 1990). 

1.4.2 T-aiiO 

In Antirrhinum majus, transposon a c t i v i t y has been most 

i n t e n s i v e l y s t u d i e d i n the genes responsible f o r anthocyanin 

biosynthesis, as mutations have an e a s i l y recognizable phenotype. The 

Pallida (.pal) locus encodes the enzyme dihydrof lavanol-4-reductase 

from the anthocyanin pathway, which when blocked, r e s u l t s i n ivory 

r a t h e r than red flowers, A h i g h l y mutable pai-recurrens (rec) l i n e was 

I s o l a t e d where the flowers have randomnly occurring red sectors 

i n d i c a t i n g the presence of a transposable element. This l i n e was 

crossed to a homozygous nivea (chalcone synthase) l i n e i n order to 

produce unstable mutations i n t h i s previously cloned gene. 

The r e s u l t a n t niV'^'' plant produced pa l e l y pigmented flowers with 

randomnly o c c u r r i n g red sectors. R e s t r i c t i o n digest analysis and 

h y b r i d i z a t i o n w i t h a r a d i o l a b e l l e d p o r t i o n of the chalcone synthase 

gene led to the i d e n t i f i c a t i o n of the TanQ (Transposon antirrhinum 

izjajus 3) element (Sommer et a i . , 1985), 

S t r u c t u r a l a n a l y s i s has shown the TanQ element to be 3629bp long, 

c o n t a i n i n g an open reading frame of 2,4akb and no i n t r o n (Sommer et 

a i , , 1988). In common w i t h many transposons, TanQ possesses 12bp 

terminal i n v e r t e d repeats and generates 8bp d u p l i c a t i o n s upon 
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i n t e g r a t i o n . 

The Tarn elements f a l l i n t o two d i f f e r e n t transposon f a m i l i e s , 

rami, Tan£ and TanA have homologous t e r m i n i and produce 3bp target 

d u p l i c a t i o n s (Luo et a i . , 1991). 12 out of 13bp of t h e i r termini are 

homologous t o the t e r m i n i of both the Spm and En elements of Zea mays 

(Upadhyaya et a i . , 1985); they are also homologous to the terminal 5bp 

of the Tgml element of Glycine max (Vodkin et a i . , 1983). The Taml 

element Includes two genes itnpi and 2 ) ; the tnpZ t r a n s c r i p t contains 

an ORF that shares 45% homology with part of the tnpD gene of En/Spm 

and 48% homology w i t h an ORF of the Tgm element (Nacken et a i . , 1991). 

A l l of these elements also produce 3bp targ e t d u p l i c a t i o n , suggesting 

t h a t they are members of the same fam i l y (Bonas et a i . , 1984), 

faiiiS appears to belong to the second transposon family, along 

w i t h the maize Ac/Ds element system and the P and hobo elements from 

Drosophila (Kaufman et a i . , 1989; Streck et a i . , 1986), They a l l 

generate an 8bp d u p l i c a t i o n of target sequences on i n t e g r a t i o n 

(although there i s evidence that Tai?33 can also produce 5bp 

d u p l i c a t i o n s tCoen et a i , , 19861 ), Tarni and Ac produce s i m i l a r sizes 

of t r a n s c r i p t (approximately 3,Ikb and 3,3kb r e s p e c t i v e l y ) , both with 

unusually long 5' untranslated regions, 500 nucleotides (7azn3) and 

600-700 nucleotides (.Ac), The p r o t e i n s encoded by the elements are 

very s i m i l a r (749 amino acids f o r Tami and 807 amino acids f o r Ac), 

w i t h regions of f a i r l y high homology (50-60%), probably i n d i c a t i n g 

s i m i l a r f u n c t i o n . 
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1.4.3 TanQ t r a n s p o s i t i o n 

Various mechanisms have been proposed f o r the t r a n s p o s i t i o n of 

transposable elements, u s u a l l y based on e i t h e r homologous 

recombination between copies of the elements w i t h i n the genome (Martin 

et a i . , 1988) or chromosomal breaks made at the ends of d i f f e r e n t 

element copies (Roiha et a i . , 1988), Both of these systems, however, 

re q u i r e a copy of the transposable element at each breakpoint of the 

rearrangement. 

Chromosomal rearrangements around 7ajD3 breakpoint s i t e s i n the 

pai-42 Antirrhinum majus l i n e cannot be e a s i l y explained by e i t h e r of 

these basic mechanisms. The pai-42 inversion has been explained as an 

aberrant example of a proposed t r a n s p o s i t i o n model where the ends of 

the element are cleaved s e q u e n t i a l l y rather than simultaneously 

(Robblns et al. , 1989), For t h i s model to be co r r e c t , the donor and 

r e c i p i e n t transposon s i t e s must become associated, and therefore 

t r a n s p o s i t i o n should occur to those s i t e s most l i k e l y to become 

associated w i t h the donor s i t e , Association between DNA s i t e s depends 

on the s p a t i a l arrangement of chromatin i n the nucleus, but i t would 

seem l i k e l y to include s i t e s predominantly near t o each other on the 

same chromosome. Further work (Hudson ef a i , , 1990) has Indicated a 

strong preference f o r TanQ t r a n s p o s i t i o n to r e c i p i e n t s i t e s that are 

t i g h t l y l i n k e d to the donor. 

S i m i l a r l y , two t h i r d s of Ac t r a n s p o s i t i o n s from the P locus i n 

maize are t o li n k e d p o s i t i o n s and almost h a l f are w i t h i n 5 map u n i t s 

of P (Greenblatt, 1984). This, together with t h e i r s i m i l a r t e r m i n i and 

exc i s i o n s i t e f o o t p r i n t s , implies TanQ and Ac transpose by a s i m i l a r 

mechanism. Novick and Peterson (1981) have shown tha t the maize 

element En (Spm) also transposes p r e f e r e n t i a l l y to linked s i t e s , 
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s u g g e s t i n g t h a t t h i s element a l s o t r a n s p o s e s by a s i m i l a r mechanism. 

1.4.4 F a c t o r s a f f e c t i n g TanB t r a n s p o s i t i o n 

The e f f e c t of t e m p e r a t u r e on u n s t a b l e l i n e s w i t h t h e TanB element 

i n d i f f e r e n t l o c i was examined. I n each case, t h e frequency o f 

e x c i s i o n was fou n d t o be a p p r o x i m a t e l y 1000 times g r e a t e r a t IŜ 'C than 

a t 25"C ( C a r p e n t e r e t al., 1987). 

The e f f e c t o f t e m p e r a t u r e on most u n s t a b l e m u t a t i o n s i n p l a n t s i s 

much l e s s t h a n t h a t d e s c r i b e d f o r TairB: t y p i c a l v a l u e s range from a 

1 . 4 - f o l d change i n t h e v l o c u s i n Nicotiana s p e c i e s h y b r i d s (Sand, 

1957) t o a 5 t o 1 3 - f o l d change i n pg"'' o f Zea mays (Peterson, 1958). 

Elements w i t h a h i g h e r degree o f t e m p e r a t u r e s e n s i t i v i t y have been 

d e s c r i b e d i n Saccharomyces cerevisiae where the Ty element shows a 

1 0 0 - f o l d i n c r e a s e i n t r a n s p o s i t i o n r a t e when grown a t 15-20'''C than a t 

30°C (Paquin and W i l l i a m s o n , 1986) and i n E.coli where the Tn3 element 

shows a 2 0 - f o l d i n c r e a s e a t 23'='C than a t 37='C (Kretschmer and Cohen, 

1979). The e x c e p t i o n a l l y h i g h r a t e o f TauQ e x c i s i o n a t 15°C compared 

t o 25"C may r e f l e c t a l t e r e d l e v e l s o f a c t i v i t y of transposase or 

r e p r e s s o r s o f t r a n s p o s i t i o n . A l t e r n a t i v e l y , t r a n s p o s i t i o n may be 

f a v o u r e d by t h e slower c e l l d i v i s i o n c y c l e a t 15°C. 

TanB i s a l s o c o n t r o l l e d by an u n l i n k e d gene Stabiliser ( S t ) , 

which reduces t h e e x c i s i o n r a t e . St appears t o i n t e r a c t s p e c i f i c a l l y 

w i t h 7am3 and does n o t a f f e c t t h e e x c i s i o n r a t e o f Taml ( H a r r i s o n and 

Car p e n t e r , 1973). I t has been suggested t h a t St and TairB c o u l d a c t as 

a two component system l i k e Ac/Ds or En/I i n maize (Carpenter e t al. , 

1987) b u t i t perhaps seems more l i k e l y t h a t St a c t s as a r e p r e s s o r 

element and i s p r o b a b l y a l s o t e m p e r a t u r e s e n s i t i v e . 
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1.5 E x t e n s l n 

The p l a n t c e l l w a l l i s a complex e n t i t y which l a r g e l y determines 

t h e f u n c t i o n o f t h e c e l l . W a l l s o f d i s t i n c t c e l l t ypes a r e comprised 

of a c h a r a c t e r i s t i c c o m b i n a t i o n and s p a t i a l o r g a n i z a t i o n o f c e l l u l o s e , 

h e m i c e l l u l o s e s , p e c t i c compounds, l l g n i n , s u b e r l n , p r o t e i n s and water. 

S p e c i a l i z e d c e l l w a l l s v a r y f r o m r i g i d sclerenchyma t o gas impermeable 

p h o t o s y n t h e t i c bundle s h e a t h c e l l s , 

The best c h a r a c t e r i z e d and most abundant p r o t e i n s i n 

d i c o t y l e d o n o u s p l a n t c e l l w a l l s are t h e h y d r o x y p r o l i n e - r i c h g l y c o ­

p r o t e i n s (HRGPs), t h e ' e x t e n s i n s ' . The e x t e n s i n s a r e c h a r a c t e r i z e d by 

a p e n t a p e p t i d e Ser-Pro-Pro-Pro-Pro r e p e a t m o t i f , t h a t i s p o s t -

t r a n s l a t i o n a l l y m o d i f i e d by t h e a c t i o n o f p r o l y l h y d r o x y l a s e t o y i e l d 

a h y d r o x y p r o l i n e - r i c h p o l y p e p t i d e . A f t e r h y d r o x y l a t i o n i s complete, a 

f u r t h e r m o d i f i c a t i o n o c c u r s ; a r a b i n o s y l t r a n s f e r a s e a c t i v i t y i n t h e 

G o l g i r e s u l t s i n t h e s p e c i f i c l i n k a g e s between a r a b i n o s e r e s i d u e s and 

t h e h y d r o x y p r o l i n e . A f t e r s e c r e t i o n i n t o t h e c e l l w a l l , the e x t e n s i n s 

a r e s l o w l y i n s o l u b i 1 i z e d by c r o s s l i n k i n g , t y p i c a l l y w i t h c o v a l e n t 

i s o d i t y r o s i n e bonds (Biggs and Fry, 1990), r e s u l t i n g i n c e l l w a l l 

s t r e n g t h e n i n g . 

A n a l y s i s o f sugar beet e x t e n s i n ( L i et al., 1990) has r e v e a l e d 

t h e presence o f an i n s e r t i o n sequence s p l i t t i n g the 

t e t r a h y d r o x y p r o l i n e b l o c k . Using t h i s e x t e n s i n sequence as a probe, 

homologues i n b o t h soybean and c a r r o t cDNA sequences, p r e v i o u s l y 

d i s r e g a r d e d , have been i d e n t i f i e d , 

The r o l e most a s s o c i a t e d w i t h e x t e n s i n i s t h a t o f a c e l l w a l l 

s t r e n g t h e n e r . E l e c t r o n m i c r o g r a p h s have shown t h a t e x t e n s i n i s p r e s e n t 

as t h i n r o d - l i k e s t r u c t u r e s w i t h average l e n g t h s o f 80-84nm ( S t a f s t r o m 

and S t a e h e l i n , 1986). I t s r o d - l i k e s t r u c t u r e p r o v i d e s t h e c e l l w i t h 
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mechanical s t r e n g t h and r i g i d i t y . 

E x a m i n a t i o n o f wounded and i n f e c t e d t i s s u e has shown t h e r e t o be 

a t e n ti m e s i n c r e a s e i n t h e amount of e x t e n s i n produced (Esquerre-

Tugaye and Lamport, 1979), s u g g e s t i n g a p r o b a b l e r o l e i n defence. 

There a r e v a r i o u s suggested reasons f o r t h i s : t o produce a more dense 

c e l l w a l l , p r e v e n t i n g i n f e c t i o n spread and t i s s u e d e s i c c a t i o n around a 

wound; t o p r o v i d e n u c l e a t i o n s i t e s f o r l l g n i n d e p o s i t i o n r e s u l t i n g i n 

a tougher w a l l (Whitmore, 1978) and a l s o t o i m m o b i l i z e pathogens 

w i t h i n t h e w a l l as t h e p o s i t i v e charge o f t h e HRGP r e s u l t s i n the 

a g g l u t i n a t i o n o f i n v a d i n g b a c t e r i a (van H o i s t and Varner, 1984). 

S t u d i e s o f tomato HRGPs show the presence o f more than one type 

o f c e l l w a l l HRGP i n a g i v e n t i s s u e , i n d i c a t i n g t h e p r o b a b l e e x i s t e n c e 

o f a m u l t l g e n e f a m i l y . V a r i a t i o n s i n t h e number of c o p i e s of t h e 

re p e a t m o t i f and t h e s i z e o f t h e DNA I n s e r t between them or w i t h i n t h e 

t e t r a h y d r o x y p r o l i n e b l o c k s would vary t h e number and r i g i d i t y o f t h e 

'rods' and, t h e r e f o r e , t h e s t r e n g t h o f the e x t e n s i n . With such 

v a r i a t i o n f o u n d between t h e e x t e n s i n sequences, t h e presence o f the 

m u l t i g e n e f a m i l y seems h i g h l y p r o b a b l e . 

Two e x t e n s i n c l o n e s . I s o l a t e d f r o m tomato, e x h i b i t d i f f e r e n t 

responses t o wounding. A l t h o u g h b o t h c l a s s I and I I e x t e n s i n mRNAs are 

p r e s e n t i n unwounded stems, c l a s s 1 mRNA accumulates markedly I n 

response t o wounding, w h i l e c l a s s I I e x t e n s i n mRNA does n o t . Showalter 

e t a i , (1991) s p e c u l a t e d t h a t both c l a s s e s o f e x t e n s i n r e p r e s e n t 

s t r u c t u r a l components o f t h e c e l l w a l l but t h a t an a d d i t i o n a l r o l e i n 

wound h e a l i n g and defence i s p o s s i b l e f o r t h e c l a s s I e x t e n s i n c l o n e . 

Such a r o l e i s p a r t i c u l a r l y a t t r a c t i v e , g i v e n the abundancy o f Tyr-X-

Tyr u n i t s , compared t o c l a s s I I e x t e n s i n , and t h e r e f o r e t h e enhanced 

p o t e n t i a l f o r t h e f o r m a t i o n o f I n t e r m o l e c u l a r i s o d i t y r o s i n e c r o s s ­

l i n k s , i n c l a s s I e x t e n s i n . These c r o s s - l i n k s would a l l o w f o r t h e 
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e r e c t i o n o f a h i g h l y dense and i m p e n e t r a b l e c e l l w a l l b a r r i e r , s e r v i n g 

t o keep pathogens a t bay as w e l l as t o pr e v e n t e x c e s s i v e e v a p o r a t i v e 

w ater l o s s a t a wound s i t e . 

I t i s p o s s i b l e t h a t , l i k e t h e h y d r o x y p r o l i n e - c o n t a i n i n g c o l l a g e n s 

( t h e animal c e l l s t r u c t u r a l p r o t e i n s ) , t h e e x t e n s l n s are ' t a i l o r e d t o 

t h e i r t i s s u e ' . S t u d i e s o f c o l l a g e n have shown t h a t o f the 10 t o 11 

c o l l a g e n t y p e s , 4 a r e e x c l u s i v e t o c a r t i l a g e t i s s u e (Piez, 1987). I n 

o r d e r t o a s s i g n a f u n c t i o n t o each member o f t h e proposed e x t e n s i n 

m u l t i g e n e f a m i l y , i t i s necessary t o know i n what t y p e o f c e l l i t i s 

p r e s e n t and i t s c e l l u l a r l o c a t i o n . As the e x t e n s i n genes are i s o l a t e d 

and c h a r a c t e r i z e d , i t i s p o s s i b l e t o d e t e r m i n e t h e i r f u n c t i o n s and 

e x p r e s s i o n p a t t e r n s w i t h g e n e t i c e n g i n e e r i n g t e c h n i q u e s . 

1.5.1 C e l l w a l l p r o t e i n s i n Arabldopsis 

Very l i t t l e has been r e p o r t e d about t h e c e l l w a l l s t r u c t u r e o f 

Arabidopsis. A f t e r an e x t e n s i v e l i t e r a t u r e search, the o n l y d e t a i l s 

f ound d e s c r i b e t h e i s o l a t i o n o f f i v e cDNA c l o n e s encoding g l y c i n e - r i c h 

p r o t e i n s (de O l i v e i r a e t a i , , 1990). G l y c i n e - r i c h p r o t e i n s (GRPs) are 

an o t h e r c l a s s o f p l a n t c e l l w a l l p r o t e i n s , c o n t a i n i n g (Gly-X)„ 

r e p e a t s . They have been I s o l a t e d from a number o f s p e c i e s f o r example, 

Oryza sativa ( L e i and Wu, 1991) and Phaseolus vulgaris L. ( K e l l e r e t 

a i . , 1989), and do n o t appear t o r e p l a c e or ex c l u d e the presence o f 

HRGPs. From t h e dat a p u b l i s h e d , t h e r e seems n o t h i n g t o suggest t h a t 

Arabidopsis c e l l w a l l s a r e any d i f f e r e n t t o any o t h e r d i c o t y l e d o n o u s 

p l a n t e e l 1 w a l 1 . 
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1.5.2 extA 

The extA gene was one of s e v e r a l e x t e n s i n genes i s o l a t e d from a 

Brassica napus L. ( o i l s e e d r a p e ) genomic l i b r a r y (Evans e t al. , 

1990b). I t c o n t a i n s t h e c h a r a c t e r i s t i c Ser-Pr04. r e p e a t m o t i f which i s 

markedly more r e g u l a r l y r e p e a t e d than i n c a r r o t e x t e n s i n . The h i g h l y 

r e p e t i t i v e n a t u r e o f t h e p o l y p e p t i d e produces t h e usual e x t e n s i n 

a l t e r n a t i n g h y d r o p h i 1 i c / h y d r o p h o b i c h y d r o p h i 1 i c i t y p r o f i l e . 

N o r t h e r n b l o t s and RNase p r o t e c t i o n assays showed the gene i s 

expressed a t l e a s t 400 t i m e s h i g h e r i n r o o t t i s s u e than i n o t h e r 

organs. P r e v i o u s e x t e n s i n s t u d i e s have l i n k e d i t s e x p r e s s i o n w i t h 

sclerenchyma c e l l f o r m a t i o n ; however no sclerenchyma have been found 

i n t h e g r o w i n g t i p o f rape r o o t s where t h e extA e x p r e s s i o n i s most 

abundant. 

I n o r d e r t o e l u c i d a t e t h e e x p r e s s i o n p a t t e r n s o f t h i s p a r t i c u l a r 

e x t e n s i n gene, p r o m o t e r - r e p o r t e r gene f u s i o n c o n s t r u c t s were made t o 

i n t r o d u c e v i a t r a n s f o r m a t i o n back i n t o rape and I n t o o t h e r species. 

The c o n s t r u c t i o n o f t h e f u s i o n i s d e s c r i b e d f u l l y i n S h i r s a t e t a i . 

(1991), 
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1.6 Aims 

The i n i t i a l aim o f t h i s p r o j e c t was t o e s t a b l i s h a workable 

Agrobacterium tumefaciens t r a n s f o r m a t i o n procedure of Arabldopsis 

thaliana. I n o r d e r t o t e s t a l l aspects o f t h e t r a n s f o r m a t i o n system, 

t h r e e c o n s t r u c t s were I n t r o d u c e d : a gene; a p r o m o t e r - r e p o r t e r f u s i o n ; 

and a t r a n s p o s a b l e element. 

The i n t r o d u c t i o n o f t h e p u t a t i v e m e t a l l o t h i o n e i n gene, PsMT^, 

i n t o t h e Arabidopsis genome, under t h e c o n t r o l of a s t r o n g 

c o n s t i t u t i v e promoter, was t o be a t t e m p t e d t o t r y t o e l u c i d a t e i t s 

f u n c t i o n w i t h i n t h e p l a n t . 

I n s i g h t s i n t o t h e f u n c t i o n o f t h e c l o n e d e x t e n s i n extA gene were 

t o be o b t a i n e d by l o c a l i z i n g i t s e x p r e s s i o n . A f t e r i n t r o d u c i n g an extA 

promoter/ GUS r e p o r t e r f u s i o n i n t o Arabidopsis, u s i n g the 

Agrobacterium t r a n s f o r m a t i o n method, i t s p a t t e r n o f e x p r e s s i o n was t o 

be d e t e r m i n e d by microscopy. 

F i n a l l y , a t t e m p t s t o i n t r o d u c e t h e t r a n s p o s a b l e element 7ara3 i n t o 

t h e Arabidopsis genome were t o be f o l l o w e d by o b s e r v i n g t h e e f f e c t s of 

I t s t r a n p o s l t i o n and 'tr a n s p o s o n t a g g i n g ' any i n t e r e s t i n g mutant genes 

produced. 
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2.1 MATERIALS 

2.1.1 G l a s s and p l a s t l c w a r e 

A l l g l a s s w a r e used i n DNA m a n i p u l a t i o n s were s i l i c o n i z e d and 

a u t o c l a v e d . P l a s t i c w a r e and Pipetman t i p s were a u t o c l a v e d . Pipetman 

t i p s used i n t i s s u e c u l t u r e work were i n d i v i d u a l l y f o i l wrapped and 

a u t o c l a v e d . 

2.1.2 Chemicals and b i o l o g i c a l reagents 

A l l r e a g e n t s , u n l e s s l i s t e d s e p a r a t e l y below, were o b t a i n e d from 

BDH Chemicals L t d , Poole, Dorset and were o f a n a l y t i c a l grade or the 

best a v a i l a b l e . 

BSA, DTT, EtBr, TESPA, RNase A, Pronase P, P r o t e i n a s e K, 2,4-D, 

2 i p , t h i a m i n e , p y r i d o x i n , n i c o t i n i c a c i d , lysozyme, a c e t o s y r i n g o n e , 

a m p l c i l l i n , kanamycin monosulphate and s p e c t i n o m y c i n were a l l o b t a i n e d 

f r o m Sigma Chemical Co., Poole, Dorset. 5-bromo-4-chloro-3-indoyl-p-D-

g l u c u r o n i d e , PVP, s o r b i t o l and N a - l a u r y I s a r c o s l n e were a l s o o b t a i n e d 

f r o m Sigma. Augmentin was s u p p l i e d by Beechams Pharmaceuticals, 

B r e n t f o r d , Middlesex. 

3MM paper and f i l t e r paper were f r o m Whatman L t d , Maidstone, 

Kent; N i t r o c e l l u l o s e f i l t e r s were from Anderman and Co. L t d , K i n g s t o n -

upon-Thames. 
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MS medium and Gamborgs Basal s a l t s ( w i t h o u t sucrose, k i n e t i n o r 

2,4-D) were o b t a i n e d f r o m Flow L a b o r a t o r i e s , Rickmansworth, Herts. 

Agar was o b t a i n e d f r o m D l f c o , D e t r o i t , Michigan, U.S.A. Agarose was 

f r o m Gibco BRL L t d , P a i s l e y . P e t r i d i s h e s (9cm) and Chloros were 

s u p p l i e d by A & J Beveridge, Newcastle. S t e r i l e A c r o d i s c f i l t e r u n i t s 

(0.2)am) were f r o m Gelman Sciences, Ann Arbor MI48106, U.S.A. 1.25cm 

M i c r o p o r e tape was o b t a i n e d f r o m Boots L t d , Beeston, Nottingham. 

Sephadex G-50 and F l c o l 1 - 4 0 0 were f r o m Pharmacia F i n e Chemicals, 

Uppsala, Sweden. NaCl was fro m May and Baker L t d , Dagenhara. Yeast 

e x t r a c t , b a c t o - t r y p t o n e and beef e x t r a c t were o b t a i n e d from Oxoid L t d , 

B a s i n g s t o k e , Hants, 

a[^3^P]-dCTP and t h e IntenSE M S i l v e r Enhancement k i t were from 

Amersham I n t e r n a t i o n a l P i c , , Amersham, Oxon. R e s t r i c t i o n 

endonucleases, b u f f e r s o l u t i o n s , DNA m o d i f y i n g enzymes, cDNA s y n t h e s i s 

k i t s and dNTPs were f r o m B o e h r i n g e r Mannheim GmbH,, Mannheim, Germany 

and Northumberland B i o l o g i c a l s L t d , C r a r a l l n g t o n . Taq polymerase and 

b u f f e r were f r o m Promega, 2800 Woods Hollow Road, Madison, Wl 53711-

5399 U.S.A. 

DH5a and DH5aMAX f r o z e n competent c e l l s were f r o m Gibco-BRL L t d , 

P a i s l e y , S c o t l a n d . 

Goat a n t i - r a b b i t IgG g o l d c o n j u g a t e was fro m B i o c l l n Immunogold 

Reagents, P a r a p l a s t p l u s t i s s u e embedding medium was f r o m Monoject 

S c i e n t i f i c I n c . , Athy, Co. K i l d a r e , I r e l a n d ; H i s t o - c l e a r and E c o s c i n t 

A were f r o m N a t i o n a l D i a g n o s t i c s , M a n v l l l e , New Jersey, U,S.A. 
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2.1.3 Arabidopsis thallana 

The Arabidopsis s t r a i n used was C24, f r o m the Arabidopsis 

thaliana c o l l e c t i o n ( f r o m Dr C. Dean, John Innes I n s t i t u t e , Norwich.) 

2.1.4 Agrobacterium tumefaclens 

The non-oncogenic C58/3 Agrobacterium tumefaciens s t r a i n (Dr P. 

M u l l i n e a u x , John Innes I n s t i t u t e , Norwich, [ D a l e e t a i . , 19891 ) was 

used i n a l l t h e t r a n s f o r m a t i o n s . lOOmg/1 s p e c t i n o m y c i n and 80mg/l 

n a l i d i x i c a c i d s e l e c t i o n was used t h r o u g h o u t . 

2.1.5 C o n s t r u c t s 

pJIT73 was developed by Dr P.Mul1ineaux, John Innes, Norwich and 

was p r o v i d e d by Dr M, Gibbs, F i s o n s H o r t i c u l t u r e . 

TartQ was o b t a i n e d as a Kpnl fragment c l o n e d i n t o pUC18 f r o m Dr 

A. G i e r l , M a x - P l a n c k - I n s t i t u t f l i r ZUchtungsforschung, D-5000 K51n 30. 

pAS44 and pAS45 were c o n s t r u c t e d by and o b t a i n e d from Dr A. 

S h i r s a t , U n i v e r s i t y of Bangor. 

PsMT^ was o b t a i n e d f r o m Dr I.M.Evans, U n i v e r s i t y o f Durham, 

c l o n e d i n t o pUC18. 

PsMT^i was i s o l a t e d and c l o n e d by Miss J. Bryden ( U n i v e r s i t y of 

Durham). 

pROKIl was c o n s t r u c t e d by Dr M. Sevan and Dr T. Kavanagh, IPSR, 

Norwich and was p r o v i d e d by Dr C. Brough, U n i v e r s i t y o f Durham / 

A.G.C., Cambridge. 

2.1.6 Primers 

GUS gene PGR p r i m e r s 216 and 217 were p r o v i d e d by Dr R.R.D.Croy; 

283 and 284 (.PsMTg) were from Miss J. Bryden ( U n i v e r s i t y o f Durham). 
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2.2 METHODS 

2.2.1 B a c t e r i a l Manipulations 

2.2.1.1 B a c t e r i a l c u l t u r e media 

E.coli c u l t u r e s were grown i n t h e f o l l o w i n g media:-

YT: 8g b a c t o - t r y p t o n e , 5g y e a s t e x t r a c t , 5g NaCl - L"' 

LB: lOg b a c t o - t r y p t o n e , 5g y e a s t e x t r a c t , 5g NaCl, I g g l u c o s e - L"' 

( M i l l e r , 1972). 

Agrobacteria were c u l t u r e d on YEB medium:-

I g y e a s t e x t r a c t , 5g beef e x t r a c t , 5g b a c t o - t r y p t o n e , 5g sucrose, 2mM 

MgS0^.7H20 - L-' pH 7.2 ( V e r v l i e t e t a i . , 1975). 

A l l media were used a t pH 7.2 and, when necessary, were 

s o l i d i f i e d w i t h 1.5% bactoagar. S t e r i l i z a t i o n was by a u t o c l a v i n g a t 

121'"-'C, 15 p . s . l . f o r 20 minutes. Media was c o o l e d t o below 60'=>C b e f o r e 

any necessary a n t i b i o t i c s were added. 

2.2.1.2 B a c t e r i a l g l y c e r o l p r e p a r a t i o n 

A sample o f b a c t e r i a was s t r e a k e d o u t , u s i n g a s t e r i l e loop, 

o n t o YT (.E.coli) or YEB (.A. tumefaciens) p l a t e s c o n t a i n i n g the 

a p p r o p r i a t e a n t i b i o t i c s e l e c t i o n . The b a c t e r i a were l e f t t o grow a t 

37'=C (.E.coli) or 28"C (A. tumefaciens) u n t i l s i n g l e c o l o n i e s c o u l d be 

seen c l e a r l y and any c o n t a m i n a t i o n , I f p r e s e n t , was obvious. Using a 

s t e r i l e loop, a s i n g l e c o l o n y was t r a n s f e r r e d t h i c k l y o n t o a new p l a t e 

w i t h t h e same s e l e c t i o n and grown up u n t i l t h e p l a t e was covered. 
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The b a c t e r i a were then scraped o f f t h e p l a t e w i t h t he s t e r i l e 

l o o p and suspended i n 1ml YT or YEB ( w i t h no s e l e c t i o n added). Once 

a d e q u a t e l y suspended, 1ml s t e r i l e 80% g l y c e r o l was added and mixed. 

The sample was then s t o r e d a t -80'^C ready f o r use. 

2.2.1.3 B a c t e r i a l transformation 

A 50|jil a l i q u o t o f E. coll DH5a c e l l s was thawed s l o w l y on i c e 

b e f o r e l - 3 } j i l (maximum 0.01)jig) DNA was added and d i s p e r s e d c a r e f u l l y 

t h r o u g h o u t t h e c e l l s . The c o n t e n t s were mixed by t a p p i n g the tube and 

were then i n c u b a t e d on i c e f o r 30 minutes. The c e l l s were then h e a t -

shocked a t 37°C f o r 2 minutes f o l l o w e d by 2 minutes on i c e . 

200]xl L.B, was added and t h e c e l l s were grown on a shaker a t 

37'̂ C f o r 1 hour. 50\il and 200\il c e l l s were spread o n t o L.B. p l a t e s , 

w i t h 100p.g/ml a m p i c i l l i n , 50fig/ml X-gal ( i n d i m e t h y l f ormamide) and 

f u r t h e r a p p r o p r i a t e a n t i b i o t i c s as necessary, and were i n c u b a t e d a t 

37'=C o v e r n i g h t . 

2.2.1.4 B a c t e r i a l transformation (maximum e f f i c i e n c y c e l l s ) 

A 20(Jil a l i q u o t o f E.coli DH5aMAX c e l l s was t r e a t e d as above. 1-

3(jil (maximum O.Olpig) DNA was added and d i s p e r s e d t h r o u g h the c e l l s , 

which were t h e n t r e a t e d as above. 

80pil S.O.C. b r o t h (Sambrook e t a i . , 1989) was added t o the c e l l s 

p r i o r t o t h e hour i n c u b a t i o n . l O j i l and 90}xl a l i q u o t s were p l a t e d o u t , 

as above. 
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2.2.1.5 T r i p a r e n t a l mating 

I n o r d e r t o t r a n s f e r a p l a s m i d f r o m a donor E. coli s t r a i n i n t o 

a r e c i p i e n t Agrobacterium, a m o b i l i z i n g s t r a i n must be used, f o r 

example, E.coli pRK2013. The a n t i b i o t i c r e s i s t a n c e s of a l l of the 

s t r a i n s were c o n f i r m e d p r i o r t o t h e mating, by t h e gro w t h or lack of 

gr o w t h on media c o n t a i n i n g each o f t h e v a r i o u s a n t i b i o t i c s 

i n d i v i d u a l l y . 

A 5ml c u l t u r e o f each s t r a i n was grown o v e r n i g h t w i t h 

a p p r o p r i a t e s e l e c t i o n a t e i t h e r 37'-">C (E.coli) or 28'="C (.Agrobacterium). 

The c e l l s were h a r v e s t e d by c e n t r l f u g a t i o n f o r 10 minutes a t 900g and 

washed by r e s u s p e n s i o n i n 5ml s t e r i l e lOmM MgSO^. Using 1ml of each 

suspension, a 1:1:1 mix was made. 1ml o f t h e mix was p l a t e d onto non-

s e l e c t i o n L.Agar. P l a t e s were a l s o prepared w i t h 1ml E.coli pRK2013; 

1ml Agrobacterium r e c i p i e n t s t r a i n ; 1ml E.coli donor s t r a i n c o n t a i n i n g 

t h e p l a s m i d ; and, as a s t e r i l i t y check, 1ml lOmM MgSO^, The 

suspensions were r o l l e d r a t h e r than spread around t h e p l a t e s and were 

t h e n grown, o v e r n i g h t ( n o t I n v e r t e d ) , a t 28°C ( t h e 2 E.coli s t r a i n s 

were grown a t 37''-'C). 

The g r o w t h was scraped and washed o f f the p l a t e s w i t h 3ml 

s t e r i l e lOmM MgEÔ .. A s e r i a l d i l u t i o n o f each o f the s t r a i n s was 

p l a t e d o n t o YEB w i t h f u l l s e l e c t i o n f o r t h e Agrobacterium c o n t a i n i n g 

t h e p l a s m i d and grown f o r 24 - 48 hours. 

S i n g l e c o l o n i e s f r o m t h e 1:1:1 mix p l a t e s were p i c k e d o f f and 

grown ( w i t h s e l e c t i o n ) on a r e f e r e n c e p l a t e and i n 5ml c u l t u r e s ready 

f o r m i n l p r e p i n g . 
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2.2.2 DNA E x t r a c t i o n Techniques 

2.2.2.1 Plasmid minlprep ( B i r n b o i m and Doly, 1979) 

S i n g l e b a c t e r i a l c u l t u r e s were i n o c u l a t e d i n t o 5ml YT medium 

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

r e f e r e n c e p l a t e . These were i n c u b a t e d o v e r n i g h t a t 37'='C, 1.5ral of the 

c u l t u r e was t r a n s f e r r e d t o an eppendorf tube and c e n t r i f u g e d f o r 1 

mi n u t e t o p e l l e t t h e b a c t e r i a . The p e l l e t was resuspended by p i p e t t i n g 

i n lOOpl i c e - c o l d s o l u t i o n I (lOmM EDTA; 25mM T r I s HCl pH 8; 50mM 

gl u c o s e ; 4mg/ml lysozyme added j u s t b e f o r e use). The tubes were 

i n c u b a t e d a t room t e m p e r a t u r e f o r 5 minutes. 

200)jil o f f r e s h l y prepared, i c e - c o l d s o l u t i o n I I (0.2N NaOH; 1% 

SDS) was added and mixed by i n v e r t i n g r a p i d l y s e v e r a l times b e f o r e 

l e a v i n g on i c e f o r 5 minutes. 

Then 150fil i c e - c o l d p o t a s s i u m a c e t a t e (60ml 5M potassium 

a c e t a t e ; 11.5ml g l a c i a l a c e t i c a c i d and 28.5ml w a t e r ) was added, mixed 

by i n v e r s i o n f o r 10 seconds and s t o r e d on i c e f o r 5 minutes. The RNA 

was p e l l e t e d by c e n t r i f u g a t i o n f o r 5 minutes a t 4'̂='C. The DNA was then 

p h e n o l / c h l o r o f o r m e x t r a c t e d and e t h a n o l p r e c i p i t a t e d . 

2.2.2.2 Plasmid minlprep f o r sequencing 

T h i s method ( M i e r e n d o r f and P f e f f e r , 1987) i s s l i g h t l y m o d i f i e d 

f r o m t h e a l k a l i n e l y s i s method above. I t produces DNA t h a t I s c l e a n 

enough f o r sequencing. 

The c e l l s a r e grown and pr e p a r e d as above, then resuspended i n 

s o l u t i o n I but no lysozyme i s added. The r e s t o f t h e m i n i p r e p i s 
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i d e n t i c a l t o t h e a l k a l i n e l y s i s method u n t i l t he f i n a l c e n t r i f u g a t i o n . 

The s u p e r n a t a n t was t r a n s f e r r e d t o a f r e s h tube and t h e c e n t r l f u g a t i o n 

was r e p e a t e d . The s u p e r n a t a n t was then RNase t r e a t e d (see s e c t i o n 

2.2.3,1), b e f o r e an equal volume o f p h e n o l / c h l o r o f o r m was added and 

mixed f o r 30 seconds. A f t e r c e n t r i f u g a t i o n , t he aqueous l a y e r was 

p r e c i p i t a t e d w i t h 2.5 volumes o f e t h a n o l a t -70"C f o r 5 minutes. 

The DNA was p e l l e t e d by c e n t r i f ugat i o n and then r i n s e d w i t h 

p r e c h i l l e d 70% e t h a n o l , b e f o r e b e i n g d r i e d under vacuum. The p e l l e t 

was d i s s o l v e d i n 16(xl s t e r i l e d e l o n i z e d water and was mixed w i t h 4-y.l 

4M sodium c h l o r i d e and then 20^1 13% PEG (MW 8000), The PEG 

p r e c i p i t a t i o n was I n c u b a t e d a t O'̂'C f o r 20 minutes, then c e n t r i f u g e d 

f o r 10 m i n u t e s and t h e p e l l e t r i n s e d and d r i e d as b e f o r e . The DNA was 

d i s s o l v e d a t an a p p r o p r i a t e c o n c e n t r a t i o n f o r sequencing on the ABI 

373A DNA Sequencer. 

2.2.2.3 Agrobacterium plasmid mlnlprep 

F o l l o w i n g Dhaese e t a i . (1979), s i n g l e c o l o n i e s from the 

t r i p a r e n t a l m a t i n g were I n o c u l a t e d o n t o a r e f e r e n c e p l a t e and i n t o 5ml 

YEB w i t h s e l e c t i o n and grown o v e r n i g h t a t 28'"'C. A 1. 5ral a l i q u o t of the 

c u l t u r e was p e l l e t e d by c e n t r i f u g a t i o n f o r 30 seconds a t 4200rpm. The 

p e l l e t was resuspended by v o r t e x i n g i n 380)j.l pronase b u f f e r : 50mM T r i s 

pH 8; 20mM EDTA; 0.8% N a - l a u r y l s a r c l n a t e , 2 0 f i l 20mg/ml pronase P 

( p r e v i o u s l y s e l f - d i g e s t e d by i n c u b a t i o n a t 42'-'C f o r 2 ho u r s ) was added 

and t h e m i x t u r e was i n c u b a t e d a t 37"C f o r 1 hour u n t i l c o l o u r l e s s . 

The l y s a t e was sheared c a r e f u l l y by p a s s i n g i t , s e v e r a l times, 

t h r o u g h f i r s t a 1.1mm d i a m e t e r needle f o l l o w e d by a 0.6mm diameter 

n e e d l e u n t i l t he v i s c o u s l i q u i d became f l u i d . The DNA was 
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d e p r o t e i n i z e d w i t h 2 phenol e x t r a c t i o n s (500)JL1 phenol, 400(il s t e r i l e 

d i s t i l l e d w a t e r ) then 4 c h l o r o f o r m e x t r a c t i o n s . 

The DNA was e t h a n o l p r e c i p i t a t e d ( w i t h added 0.3M sodium 

a c e t a t e ) then p e l l e t e d i m m e d i a t e l y . The p e l l e t was resuspended i n TE 

and t h e e t h a n o l p r e c i p i t a t i o n r e p e a t e d . The p e l l e t was washed t w i c e i n 

80% e t h a n o l and d r i e d b e f o r e f i n a l l y r e s u s p e n d i n g ready f o r 

r e s t r i c t i n g . 

2.2.2.4 ylra6idops/s DNA pr e p a r a t i o n ( B a n c r o f t , p e r s o n a l communication) 

2 t o 3g of f r o z e n t i s s u e was ground t o a f i n e powder i n a l i q u i d 

n i t r o g e n - c o o l e d p e s t l e and m o r t a r . 12.5ml e x t r a c t i o n b u f f e r (140mM 

s o r b i t o l ; 220mM T r i s pH 8; 22mM EDTA; 800mM NaCl; 1% Na - l a u r y l 

s a r c o s i n e ; 0.8% CTAB; pH 8 and a u t o c l a v e d ) was added and t r a n s f e r r e d 

t o a 30ml s i l i c o n i z e d Corex tube. The t i s s u e was i n c u b a t e d a t 65'='C f o r 

20 minutes, w i t h o c c a s i o n a l v i g o r o u s s h a k i n g , 5ml c h l o r o f o r m was added 

and shaken a t room t e m p e r a t u r e f o r 20 minutes. The phases were 

s e p a r a t e d by c e n t r i f u g a t i o n (5000rpm f o r 10 m i n u t e s ) . 

8.5ml i s o p r o p a n o l was mixed w i t h t h e aqueous phase and l e f t on 

i c e f o r 10 minutes. The p r e c i p i t a t e was c o l l e c t e d by c e n t r i f u g a t i o n 

(lOOOOrpm f o r 10 m i n u t e s ) , then d i s s o l v e d i n 2ral TE (lOmM T r i s ; ImM 

EDTA; pH 8 and a u t o c l a v e d ) by g e n t l e p i p e t t i n g . The RNA was 

p r e c i p i t a t e d by a 20 minute i n c u b a t i o n on i c e a f t e r t h e a d d i t i o n o f 

2ml 4M l i t h i u m a c e t a t e and p e l l e t e d by c e n t r i f u g a t i o n (lOOOOrpm f o r 10 

m i n u t e s ) , 

The DNA was e t h a n o l p r e c i p i t a t e d and c o l l e c t e d by c e n t r i f u g a t i o n 

(SOOOrpm f o r 15 m i n u t e s ) . The tube was then d r a i n e d and i n v e r t e d f o r 
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10 m i n u t e s b e f o r e r e s u s p e n d i n g t h e p e l l e t ready f o r c l e a n i n g 

( p h e n o l / c h l o r o f o r m e x t r a c t i o n o r s i l i c a f i n e s ) , 

2.2.2.5 Glassware s i 1 I c o n l z a t l o n 

The g l a s s w a r e was washed and r i n s e d i n d i s t i l l e d water and d r i e d 

w e l l . A f t e r d e g r e a s i n g w i t h c h l o r o f o r m and l e a v i n g i t t o evaporate, 

th e g l a s s w a r e was r i n s e d w i t h s i l i c o n i z i n g f l u i d (any excess was 

poured o f f ) . I t was then l e f t t o e v a p o r a t e f o r 'k hour b e f o r e washing 

t h o r o u g h l y w i t h d i s t i l l e d water. Once the glassware was d r y , i t was 

a u t o c l a v e d and was then ready f o r use i n a l l DNA experiments. 

2.2.2.6 Rapid p l a n t genomic DNA e x t r a c t i o n f o r PGR a n a l y s i s 

The t i s s u e samples f o r a n a l y s i s were macerated i n a s t e r i l e 

eppendorf f o r 15 seconds a t room t e m p e r a t u r e w i t h no b u f f e r (Edwards 

et al., 1991). 400)J.1 e x t r a c t i o n b u f f e r (200mM T r i s HCl pH 7,5; 250mM 

NaCl; 25mM EDTA; 0.5% SDS) was added and the sample was v o r t e x e d f o r 5 

seconds. 

The e x t r a c t s were c e n t r i f u g e d a t 13 OOOrpm f o r 1 minute, 300}JL1 

o f t h e s u p e r n a t a n t was removed and mixed w i t h an equal volume of 

i s o p r o p a n o l . A f t e r i n c u b a t i o n a t room t e m p e r a t u r e f o r 2 minutes, the 

e x t r a c t was c e n t r i f u g e d a t 13 OOOrpra f o r 5 minutes. The p e l l e t was 

vacuum d r i e d b e f o r e b e i n g resuspended i n lOOp.1 TE. 

10 or 2.5^11 o f t h i s s o l u t i o n was used as t h e t e m p l a t e f o r a 35 

c y c l e polymerase c h a i n r e a c t i o n . 
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2.2.3 DMA Manipulations 

2.2.3.1 RNase d i g e s t i o n 

The c r u d e DNA p e l l e t was resuspended i n TE pH 8.0, w i t h DNase-

f r e e RNase (RNase was d i s s o l v e d i n water [lOmg/ml] and b o i l e d f o r 5 

mi n u t e s ) added t o a f i n a l c o n c e n t r a t i o n o f 50-lOOfig/ml and i n c u b a t e d 

f o r ! ^ - l hour a t 37'='C. The s o l u t i o n was then e x t r a c t e d w i t h e i t h e r 

p h e n o l / c h l o r o f o r m or s i l i c a f i n e s and e t h a n o l p r e c i p i t a t e d . 

2.2.3.2 Phenol/chloroform e x t r a c t i o n 

To t h e crude DNA s o l u t i o n , an equal volume o f phenol was added, 

v o r t e x e d and t h e n c e n t r i f u g e d f o r 2 minutes. The s u p e r n a t a n t was 

removed and t h e phenol l a y e r b a c k - e x t r a c t e d ( t o ensure maximum DNA 

r e c o v e r y ) by t h e a d d i t i o n o f an equal volume TE pH 7.5, f o l l o w e d by 

v o r t e x i n g and c e n t r i f u g a t i o n , T h i s second s u p e r n a t a n t was removed and 

added t o t h e f i r s t . 

An eq u a l volume o f p h e n o l - c h l o r o f o r m (1:1) was added, then 

v o r t e x e d and c e n t r i f u g e d . To t h e s u p e r n a t a n t , an equal volume of 

c h l o r o f o r m ( w i t h 4% v/v i s o a m y l a l c o h o l t o a i d phase s e p a r a t i o n ) was 

added b e f o r e v o r t e x i n g and c e n t r i f u g i n g . The s u p e r n a t a n t was removed 

and t h e l a s t s t e p r e p e a t e d . 

A t e n t h volume 3M sodium a c e t a t e pH 5.2 was added, f o l l o w e d by 

1000)il 100% e t h a n o l a t -20"C, and the tubes l e f t a t -20°C f o r 1 hour. 

A f t e r c e n t r i f u g a t l o n a t f o r 15 minutes, t h e s u p e r n a t a n t was 

removed, The p e l l e t was then washed i n 70% e t h a n o l (-20°C), r e p e l l e t e d 
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and t h e e t h a n o l removed. The p e l l e t was then vacuum d r i e d and 

resuspended i n an a p p r o p r i a t e volume o f TE pH 7,5, 

2.2.3.3 S i l i c a f i n e s e x t r a c t i o n 

T h i s method was developed (and the s i l i c a f i n e s p r o v i d e d ) by Dr 

N,J,Robinson, Durham U n i v e r s i t y , based on the method of Golden et al. 

(1987), 

The crude DNA p e l l e t was resuspended i n 0,35ml s t e r i l e d i s t i l l e d 

w a t e r t h e n mixed w i t h 0,7ml sodium i o d i d e s o l u t i o n (90,8g Nal; 1. 5g 

NaaSOai 100ml d i s t i l l e d water; f i l t e r s t e r i l i z e d ; 0.5g Na^SOs added t o 

s a t u r a t i o n and s t o r e d i n the dark a t 4'='C), A f t e r s h a k i n g the f i n e s , 

iOp.1 was added t o t h e DNA and mixed w e l l . 

A 10 m i n u t e i n c u b a t i o n a t room t e m p e r a t u r e bound t h e DNA t o the 

f i n e s , which were t h e n p e l l e t e d I n a m i c r o c e n t r i f u g e f o r 15 seconds. 

The s u p e r n a t a n t was a s p i r a t e d o f f and t h e f i n e s resuspended i n 1ml 70% 

e t h a n o l ( 70% e t h a n o l ; 30% TE b u f f e r ) . The f i n e s were p e l l e t e d again 

and as much s u p e r n a t a n t removed as p o s s i b l e . The f i n e s were 

resuspended i n 50) i l TE b u f f e r and i n c u b a t e d a t 37'='C f o r 10 minutes t o 

e l u t e t h e DNA. The f i n e s were p e l l e t e d a g a i n and t h e DNA s o l u t i o n was 

ready f o r use. 
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2.2.3.4 DHA r e s t r i c t i o n d i g e s t i o n 

DNA r e s t r i c t i o n s were s e t up i n s t e r i l e eppendorfs, each made up 

t o a f i n a l volume o f lOpil f o r every Ifjig DNA used. The amount of 

r e s t r i c t i o n enzyme used a l s o v a r i e d and was based on 1 u n i t of enzyme 

d i g e s t i n g l^jig DNA i n 1 hour a t 37'̂ -C. 

Using t h e c o r r e c t d i l u t i o n of t h e a p p r o p r i a t e enzyme b u f f e r , t he 

r e a c t i o n tubes were s e t up c o n t a i n i n g t he DNA sample, the r e s t r i c t i o n 

enzyme and, i n most cases, some RNase t o ensure the sample i s cle a n . 

These were t h e n i n c u b a t e d a t 37<̂ C f o r 1-2 hours b e f o r e the l o a d i n g 

b u f f e r was added ready f o r r u n n i n g on the g e l . 

2.2.3.5 P l a t e g e l prep a r a t i o n 

Perspex f o r m e r s (150mm x 185mm) were se a l e d o n t o e t h a n o l - c l e a n e d 

p l a t e s w i t h s i l i c o n e grease and t h e w e l l - f o r m e r p o s i t i o n e d a t the 

c o r r e c t h e i g h t . 200ml A l e c ' s g e l b u f f e r ( f r o m a lOx st o c k of 96.8g 

T r i s and 7.4g EDTA i n 21, pH7.7 w i t h g l a c i a l a c e t i c a c i d ) was 

s o l i d i f i e d w i t h 0.8% agarose by h e a t i n g i n t h e microwave u n t i l 

d i s s o l v e d . Once the g e l had co o l e d , lmg/1 e t h i d i u m bromide was added 

b e f o r e p o u r i n g . 

The g e l ( w i t h o u t t h e f o r m e r s ) was pl a c e d o n t o t h e p l a t f o r m of 

th e h o r i z o n t a l submarine e l e c t r o p h o r e s i s tank, w i t h s u f f i c i e n t Alec's 

g e l b u f f e r ( c o n t a i n i n g lmg/1 e t h i d i u m bromide) added t o cover the g e l 

by 2-5mm. Having loaded t h e samples w i t h t h e l o a d i n g b u f f e r (Fast 

orange: 0 . 1% Orange G, 20% F i c o U 400, 0. IM EDTA pH 8, a u t o c l a v e d ) 

i n t o t h e w e l l s (making s u r e t o have added a ma r k e r ) , t he g e l was r u n 

w i t h a maximum v o l t a g e of around 100-120V. 
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2.2.3.6 Mini-gel p r e p a r a t i o n 

50ml TBE ( 1 0 8 g / l T r i s , 5 5 g / l B o r i c a c i d , 9.3g/l EDTA, pH 8.3) 

was heated w i t h 0.7% agarose and when c o o l , lmg/1 e t h i d i u m bromide was 

added. T h i s was poured i n t o a cleaned m i n i - g e l a p p a r a t u s (Cambridge 

U n i s c l e n c e ) . 50ml TBE w i t h lmg/1 e t h i d i u m bromide was used as the 

b u f f e r . 

2.2.3.7 E l e c t r o e l u t i o n 

The DNA fragment r e q u i r e d was c u t out o f t h e g e l u s i n g an 

e t h a n o l - s t e r i 1 i z e d s c a l p e l . The d i a l y s i s t u b i n g was prepared by 

b o i l i n g f o r 10 minu t e s I n ImM EDTA then washing t h o r o u g h l y w i t h 

s t e r i l e d i s t i l l e d water. The g e l was p l a c e d i n t o t he t u b i n g a l o n g w i t h 

500pil TBE (90mM T r i s ; 90mM B o r i c A c i d ; 2.5mM EDTA; pH 8.3) making sure 

t h a t the end i s s e a l e d s e c u r e l y . A f t e r a l l t he a i r bubbles had been 

removed, t h e second end was s e a l e d and the t u b i n g was placed 

t r a n s v e r s e l y i n t o a m i n i g e l tank c o n t a i n i n g s u f f i c i e n t TBE t o cover 

i t . 

A c u r r e n t of 60mA was r u n acr o s s t h e t u b i n g f o r 20 minutes, 

f o l l o w e d by a 20 second b u r s t o f r e v e r s e d p o l a r i t y t o r e l e a s e t h e DNA 

f r o m t h e s i d e o f t h e t u b i n g . Having checked t h e DNA had i n f a c t e l u t e d 

u s i n g UV l i g h t , t h e b u f f e r ( c o n t a i n i n g t h e DNA) was removed from t h e 

t u b i n g which was r i n s e d w i t h more b u f f e r t o remove any t r a c e s of DNA 

l e f t . The DNA was t h e n c l e a n e d u s i n g e i t h e r p h e n o l / c h l o r o f o r m or 

s i l i c a f i n e s , ready f o r e t h a n o l p r e c i p i t a t i o n . 
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2.2.3,8 DNA v i s u a l i z a t i o n and photography 

DNA, s t a i n e d w i t h e t h i d i u m bromide, was v i s u a l i z e d on a 

U. V. t r a n s l I l u m i n a t o r , w avelength 300nm. When r e q u i r e d , photographs 

were taken u s i n g a P o l a r o i d Land camera w i t h 3000 ASA Type 667 

P o l a r o i d f i l m . The exposure was F l l f o r 3 seconds, w i t h an orange 

f i l t e r . 

2.2.3.9 E s t i m a t i o n of DNA content using the spectrophotometer 

Using t h e Pye-Unicara SP8-150 Spectrophotometer, t h e absorbance 

of t h e DNA samples was measured a t 260nm. The samples were prepared I n 

1ml g l a s s c u v e t t e s , I j i l o r i g i n a l sample was made up t o 1ml w i t h water. 

Img/ml DNA has an absorbance of 20 a t a wavelength of 260nm. 

Using t h i s f a c t and t a k i n g n o t e o f the s c a l e used, t h e c o n c e n t r a t i o n 

o f DNA i n t h e samples can be c a l c u l a t e d f r o m t h e p r i n t o u t . 

The absorbance of t h e DNA samples was a l s o measured w i t h t h e 

P h i l i p s PU8700 s e r i e s U V / V i s i b l e Spectrophotometer. 

2.2.3.10 Southern b l o t t i n g 

The method used was based on t h a t o f Southern (1975). P r i o r t o 

b l o t t i n g , t h e g e l was soaked ( w i t h a g i t a t i o n ) i n v a r i o u s s o l u t i o n s t o 

d e n a t u r e and n e u t r a l i z e t h e DNA: 30 minutes i n 0.25M HCl ( i f the 

fra g m e n t s o f i n t e r e s t a r e l a r g e r than 15kbp); 2 x 15 minutes and 1 x 

30 m i n u t e s i n 1.5M NaCl and 0.5M NaOH; and 3 x 30 minutes i n 1.5M 

NaCl, 0.5M T r i s HCl (pH 7.2) and ImM Na^EDTA. 
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The g e l b l o t t i n g a p p a r a t u s was a p l a t f o r m covered w i t h 3 l a y e r s 

of 3MM f i l t e r paper soaked i n 20xSSC (3M NaCl; 0.3M CH3C00.Nai pH 7.0 

w i t h ION NaOH) I n c l u d i n g a f i l t e r paper wick immersed i n a tank of 

20xSSC. The g e l was smoothed down on t o p o f t h e f i l t e r paper and was 

surrounded w i t h c l i n g f i l m t o ensure t h a t the 20xSSC passed o n l y 

t h r o u g h t h e g e l . A n i t r o c e l l u l o s e f i l t e r , soaked f i r s t i n d i s t i l l e d 

w a t e r t h e n i n 20xSSC f o r 20 minutes, was smoothed down on t o p o f t h e 

g e l , making s u r e t h a t no a i r bubbles were p r e s e n t . T h i s was topped 

w i t h 3 l a y e r s o f d r y 3MM f i l t e r paper, 3 l a y e r s of absorbent nappy 

pads and a 500g w e i g h t . 

A f t e r b l o t t i n g o v e r n i g h t , t h e ap p a r a t u s was d i s m a n t l e d c a r e f u l l y 

making s u r e t h a t t h e edge and lanes o f t h e g e l were marked onto the 

f i l t e r ( i n i n k ) b e f o r e t h e f i l t e r was removed and d r i e d i n a vacuum 

oven. 

2.2.3.11 Colony h y b r i d i z a t i o n 

R e p l i c a L.Agar p l a t e s , w i t h a p p r o p r i a t e s e l e c t i o n , were o v e r l a i d 

w i t h g r i d d e d n i t r o c e l l u l o s e f i l t e r s as d e s c r i b e d by Sarabrook et al. 

(1989), C o l o n i e s produced f r o m t r a n s f o r m a t i o n s were s t r e a k e d , w i t h i n 

t h e g r i d s , on r e p l i c a p l a t e s and grown o v e r n i g h t a t 37'^C. 

One f i l t e r o f each p a i r was s e a l e d and s t o r e d a t 4'̂ C w h i l e the 

o t h e r was p r e p a r e d f o r p r o b i n g . T h i s was done by sandwiching the 

f i l t e r between dampened b l o t t i n g paper and immersing i t i n v a r i o u s 

s o l u t i o n s ( d r y i n g inbetween each); 3 minutes i n 10% SDS; 5 minutes I n 

1.5M NaCl and 0.5M NaOH; 5 minutes i n 1.5M NaCl, 0.5M T r i s HCl (pH 

7.2) and ImM Na^EDTA; and f i n a l l y 5 minutes i n 2xSSC. The f i l t e r was 

a i r d r i e d f o r 30 minu t e s then baked a t QO'^C f o r 1 hour, 
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2.2.3.12 F i l t e r p r e h y b r i d l z a t i o n and h y b r i d i z a t i o n 

P r e h y b r i d i z a t i o n o f the f i l t e r was c a r r i e d out f o l l o w i n g 

Sambrook et al. (1989) i n a s e a l e d p l a s t i c bag c o n t a i n i n g 100ml (per 

f i l t e r ) p r e h y b r i d l z a t i o n s o l u t i o n ; 5xSSC; 5xDenhardt's [ 0 . 1 % F i c o l l ; 

0 . 1 % PVP; 0 . 1 % BSAl; and 100-200)ig/ml b o i l e d h e r r i n g sperm DNA. The 

f i l t e r was p r e h y b r i d i z e d f o r a t l e a s t an hour at 65"='C i n a s h aking 

w a t e r b a t h . 

The bag was d r a i n e d b e f o r e 50ml (per f i l t e r ) h y b r i d i z a t i o n 

s o l u t i o n was added: 5xSSC; IxDenhardt's; lOOpg/ml b o i l e d h e r r i n g sperm 

DMA. The r a d i o l a b e l l e d probe was b o i l e d f o r 5 m i n u t e s b e f o r e i t was 

added t o t h e f i l t e r , t h e bag was r e s e a l e d and i n c u b a t e d a t 65'="C, i n a 

s h a k i n g w a t e r b a t h , o v e r n i g h t . 

The probe was r e t a i n e d and s t o r e d f r o z e n f o r 1-2 months. The 

f i l t e r was washed i n d i l u t i o n s o f SSC: 30 minutes i n 2xSSC; 2 x 15 

m inutes I n IxSSC; and 2 x 15 m i n u t e s i n 0. IxSSC, a l l warmed t o 65f<£ 

b e f o r e use. The f i l t e r was checked inbetween t h e washes f o r bands o f 

r a d i o a c t i v i t y which c o u l d be d i s t i n g u i s h e d above th e background l e v e l . 

The f i l t e r was then exposed, w i t h markers, t o f l a s h e d X-ray f i l m w i t h 

an i n t e n s i f y i n g screen o v e r n i g h t , or l o n g e r i f necessary, b e f o r e the 

f i l m was developed. 

2.2.3.13 ^^P probe production 

-̂̂ :p probes were produced by n i c k t r a n s l a t i o n f o l l o w i n g Rigby e t 

al. (1977). The DNA fragment t o be r a d i o l a b e l l e d was i s o l a t e d as a 

band on an agarose g e l , then e x c i s e d and e l u t e d f r o m t h e g e l . 0,1-

0.25jjg DNA was d i s s o l v e d i n 26\il s t e r i l e d i s t i l l e d water and b o i l e d 
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f o r 5 minutes. 

10|jil OLB (Sambrook et al. , 1989) was mixed i n t o the sample 

f o l l o w e d by 2pLl RNase-free BSA (lOrag/ml). lOpil ^^=PdCTP (100)iCl) was 

added and t h e r e a c t i o n was i n i t i a t e d w i t h 2|il (2u) Klenow enzyme. The 

r e a c t i o n was i n c u b a t e d o v e r n i g h t i n a lead pot a t room temperature. 

The probe was p u r i f i e d f r o m t h e u n i n c o r p o r a t e d l a b e l by 

chromatography on Sephadex G-50 column ( b u f f e r : 150mM NaCl; lOmM EDTA; 

50mM T r i s ; 0 . 1 % SDS; pH 7.5). 500p,l a l i q u o t s were c o l l e c t e d from t h e 

column and t h e r a d i o a c t i v i t y was measured by s c i n t i l l a t i o n . Ijxl from 

each 500pil a l i q u o t was added t o 5ml s c i n t i l l a t i o n f l u i d ( E c o s c i n t A). 

The s c i n t i l l a t i o n was measured on a Packard T r i - C a r b P r i a s 

s c i n t i l l a t i o n c o u n t e r . 

2.2.4 DNA Cl o n i n g Techniques 

2.2.4.1 DWA Polymerase blunt-ending 

The DNA t o be b l u n t - e n d e d was d i s s o l v e d i n 15^il s t e r i l e 

d e l o n l z e d w a t e r and mixed w i t h 2fjil lOx Polymerase b u f f e r (0,33M T r i s 

a c e t a t e pH 7.9; 0.66M potassium a c e t a t e ; 0.lOM magnesium a c e t a t e ; 

5.00mM DTT; Img/ml BSA). 2^1 dNTP mix, c o n t a i n i n g 0. 125mM o f each o f 

t h e 4 dNTPs was added f o l l o w e d by l ^ i l (2.5 u) T^ DNA Polymerase. 

The m i x t u r e was i n c u b a t e d a t 37'=*C f o r 5 minutes, then the 

r e a c t i o n was stopped by i n c u b a t i o n a t 65'='C f o r 5 minutes. The b l u n t -

ended DNA was d i l u t e d w i t h 200f i l TE, then cleaned w i t h a 

p h e n o l / c h l o r o f o r m e x t r a c t i o n . 
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2.2.4.2 Blunt-end c l o n i n g 

The v e c t o r , i n t o which a b l u n t - e n d e d i n s e r t i s t o be cloned, 

must f i r s t be r e s t r i c t e d w i t h a b l u n t c u t t i n g r e s t r i c t i o n enzyme, 

u s u a l l y Hindi, 

The b l u n t - e n d e d i n s e r t , f r o m above, was d i l u t e d w i t h TE and 

mixed w i t h 300)^1 phenol, then l e f t on i c e u n t i l t h e v e c t o r r e s t r i c t i o n 

was ready. The c o r r e c t c o n c e n t r a t i o n o f r e s t r i c t e d v e c t o r was added 

and mixed w i t h t h e phenol and I n s e r t . A r a t i o o f 3:1 i n s e r t : v e c t o r o f 

molar s i z e s was used, w i t h ^0. 1 pmol i n s e r t . The p h e n o l / c h l o r o f o r m 

e x t r a c t i o n was completed, t h e n t h e DNA was p r e c i p i t a t e d w i t h 2.5 

volumes o f a 1:10 m i x t u r e o f sodium a c e t a t e : e t h a n o l . The p e l l e t was 

resuspended i n Spil water and mixed w i t h I j j i l lOx l i g a s e b u f f e r and I f i l 

l l g a s e . The l i g a t i o n was i n c u b a t e d o v e r n i g h t a t 15'=C. 

2.2.4.3 Dephosphorylation of DNA 

P r i o r t o t h e a d d i t i o n o f t h e i n s e r t DNA t o the v e c t o r , d u r i n g 

c l o n i n g , t h e 5' r e s t r i c t e d v e c t o r ends were t r e a t e d w i t h a l k a l i n e 

phosphatase t o reduce s e l f - r e l i g a t i o n . S u f f i c i e n t ZnCl^. was added, 

p o s t - r e s t r i c t i o n , t o the v e c t o r t o produce a ImM s o l u t i o n , i n t o which 

0,5-l.Ou a l k a l i n e phosphatase was mixed. The s o l u t i o n was in c u b a t e d a t 

37°C f o r 30 minutes, then a t SS'̂'C f o r 10 minutes. A f t e r 

p h e n o l / c h l o r o f o r m e x t r a c t i o n and e t h a n o l p r e c i p i t a t i o n , t he DNA was 

resuspended ready f o r c l o n i n g . 
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2.2.4.4 Shotgun c l o n i n g 

The v e c t o r and i n s e r t DNA, a t t h e c o r r e c t molar r a t i o , were 

r e s t r i c t e d t o g e t h e r , u s u a l l y w i t h a r e s t r i c t i o n enzyme t h a t g i v e s a 

l a r g e overhang. The r e s t r i c t i o n was checked by r u n n i n g h a l f o f i t on a 

m i n i - g e l . The remainder was c l e a n e d up w i t h p h e n o l / c h l o r o f o r m , then 

e t h a n o l p r e c i p i t a t e d . The p e l l e t was resuspended i n 8^il water and 

mixed w i t h l | j i l lOx l i g a t i o n b u f f e r and 1^1 l i g a s e . The r e a c t i o n was 

i n c u b a t e d o v e r n i g h t a t IS^C. 

2.2.4.5 Polymerase c h a i n r e a c t i o n (PGR) 

The r e a c t i o n s were c a r r i e d o u t f o l l o w i n g S a i k i et al. (1988) i n 

a volume o f 100^1 and, a t a l l t i m e s , c a r e was tak e n t o a v o i d 

c o n t a m i n a t i o n w i t h o t h e r DNA by t h e use o f p o s i t i v e displacement 

p i p e t t e s . S t e r i l e d e l o n i z e d water was p i p e t t e d i n t o an eppendorf tube, 

f o l l o w e d by l O j i l Taq r e a c t i o n b u f f e r , 16p.l dNTP mix (1.25mM s o l u t i o n 

o f each o f t h e 4 dNTPs), 5 f i l o f each 20mM f o r w a r d and r e v e r s e p r i m e r 

s o l u t i o n s , 1^1 (4.5u) Taq Polymerase and f i n a l l y 15[xl t e m p l a t e DNA. 

The c o n t e n t s were mixed by t a p p i n g t h e tube and then o v e r l a i d w i t h 

lOOfil m i n e r a l o i l , e n s u r i n g a l l a i r bubbles were removed. The tubes 

were U V - l r r a d i a t e d f o r a p p r o x i m a t e l y 5 minutes t o reduce c r o s s -

c o n t a m i n a t i o n ( S a r k a r and Soramer, 1990), The tube was then p l a c e d i n t o 

a t h e r m a l c y c l e r (Pharmacia LKB Gene ATAQ C o n t r o l l e r ) and t h e 3 stage 

d e n a t u r a t i o n , a n n e a l i n g and e x t e n s i o n r e a c t i o n begun. 

For each r e a c t i o n , a n e g a t i v e c o n t r o l was s e t up, which was 

i d e n t i c a l except i t c o n t a i n e d no t e m p l a t e DNA. T h i s enabled any 

c o n t a m i n a t i o n t o be i d e n t i f i e d . 
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The t e m p e r a t u r e s used i n the r e a c t i o n s were c a l c u l a t e d t o s u i t 

t h e i n d i v i d u a l p r i m e r s , u s i n g t h e i r m e l t i n g t e m p e r a t u r e s (Sambrook e t 

al., 1989); o b v i o u s l y , t h e a n n e a l i n g t e m p e r a t u r e has t o be below t h e 

m e l t i n g t e m p e r a t u r e . 

Once t h e a m p l i f i c a t i o n c y c l e s were completed, an a l i q u o t of the 

r e a c t i o n m i x t u r e was r u n on an agarose p l a t e g e l , w i t h t he c o n t r o l and 

a X s i z e marker, t o d e t e r m i n e t h e r e s u l t s . 

2.2.4.6 O l i g o n u c l e o t i d e s y n t h e s i s 

O l i g o n u c l e o t i d e p r i m e r s were s y n t h e s i z e d by Mr J. G i l r o y (Durham 

U n i v e r s i t y ) on t h e ABI 381A DNA S y n t h e s i z e r , u s i n g t h e st a n d a r d 

s y n t h e s i s programme. The p r i m e r s were d i s s o l v e d i n s t e r i l e d i s t i l l e d 

w ater and s t o r e d a t -80""'C. 

2.2.4.7 Rapid mRNA e x t r a c t i o n and cDNA s y n t h e s i s 

F o l l o w i n g G i l l i l a n d et al. (1990), mRNA can be e x t r a c t e d and 

an a l y s e d f r o m as few as 10 c e l l s . 

mRNA h a n d l i n g p r e c a u t i o n s , s t e r i l e equipment and d i e t h y l -

p y r o c a r b o n a t e t r e a t m e n t s were used t h r o u g h o u t t h e e x t r a c t i o n and 

r e v e r s e t r a n s c r i p t a s e r e a c t i o n , f o l l o w i n g Sambrook e t al. (1989). A 

s m a l l amount o f l e a f t i s s u e was chopped up i n t o a s t e r i l e eppendorf 

and 20JJ.1 b u f f e r ( 0 . 5 % NP-40; lOmM T r i s pH 8.0; lOmM NaCl; 3mM MgC^) 

was added. A f t e r a 5 minute i n c u b a t i o n on i c e , the n u c l e i and d e b r i s 

were removed by c e n t r i f u g i n g a t 13 OOOrpm f o r 2 minutes. 

l O j i l o f t h e mRNA s u p e r n a t a n t was used i n t h e r e v e r s e 
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t r a n s c r i p t i o n r e a c t i o n . 20 t o 50pnol o l i g o ( d T ) p r i m e r was added t o the 

mRNA t o g e t h e r w i t h SOOpM o f each dNTP, 1 x Taq polymerase PGR b u f f e r , 

ImM DTT, 2 u n i t s RNase i n h i b i t o r , 5 u n i t s Reverse t r a n s c r i p t a s e and 

made up t o ZOjil w i t h d i e t h y l p y r o c a r b o n a t e - t r e a t e d water. The m i x t u r e 

was i n c u b a t e d f o r 1 hour a t 37"'C. 

10|il o f t h i s r e a c t i o n m i x t u r e was used as t h e t e m p l a t e i n a 35 

c y c l e PGR. 

2.2.5 ylrafc/dopsjs Transformation and T i s s u e C u l t u r e 

2.2.5.1 S t e r i l e techniques 

A l l t i s s u e c u l t u r e p rocedures were c a r r i e d o u t i n a laminar f l o w 

c a b i n e t , which was sprayed l i b e r a l l y w i t h 70% e t h a n o l b e f o r e use. A l l 

t h e equipment used was sprayed w i t h 70% e t h a n o l b e f o r e b e i n g p l a c e d i n 

t h e c a b i n e t and e i t h e r a u t o c l a v e d or flamed w i t h 80% e t h a n o l b e f o r e 

use. A l l media used i n the e x p e r i m e n t s were a u t o c l a v e d f o r 20 minutes 

a t 15 p . s . i . (121'='G) and c o o l e d t o 60'=C b e f o r e t h e a d d i t i o n of any 

necessary a n t i b i o t i c s . 

A l l t h e s t e r i l e p r o c e d u r e s were completed q u i c k l y and w i t h as 

l i t t l e c o n t a c t as p o s s i b l e , t o a v o i d c o n t a m i n a t i o n . I t i s i m p o r t a n t t o 

remember t h a t t h e r e a r o f t h e c a b i n e t i s t h e most s t e r i l e area and 

whenever any s t e r i l e o b j e c t i s uncovered, o t h e r equipment should be 

moved around i t r a t h e r than over i t . 
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2.2.5.2 C u l t u r e of axenic p l a n t s 

The seeds were s t e r i l i z e d i n 20% sodium h y p o c h l o r i t e ( C h l o r o s ) 

f o r 20 minutes, w i t h f r e q u e n t shaking. A f t e r 3 r i n s e s w i t h s t e r i l e 

w ater, t h e seeds were spaced o u t o n t o s t e r i l e GM (MS s a l t s ; 1% 

sucrose; l.Omg/1 t h i a m i n e ; 0.5mg/l p y r i d o x i n e ; 0.5mg/l n i c o t i n i c a c i d ; 

pH 5.7; s o l i d i f i e d w i t h 0.8% ag a r ) i n a p e t r i d i s h . The d i s h e s were 

then s e a l e d w i t h M i c r o p o r e and p l a c e d i n t h e gr o w t h room f o r about 3 

t o 4 weeks b e f o r e the t i s s u e was ready f o r use. 

2.2.5.3 i4g-rof>acterium p r e p a r a t i o n f o r transformations 

5ml YEB, w i t h t h e a p p r o p r i a t e s e l e c t i o n , was i n o c u l a t e d w i t h a 

loop of Agrobacterium g l y c e r o l . T h i s was i n c u b a t e d on a shaker a t 28'='C 

o v e r n i g h t . The c u l t u r e was then t r a n s f e r r e d t o 25ml YEB w i t h s e l e c t i o n 

i n a 100ml c o n i c a l f l a s k and i n c u b a t e d o v e r n i g h t . 

For use i n a t r a n s f o r m a t i o n , t h e Agrobacterium was p e l l e t e d 

u s i n g t h e benchtop c e n t r i f u g e a t 4200rpra f o r 10 minutes a t room 

te m p e r a t u r e . The p e l l e t was then washed 3 ti m e s i n s t e r i l e 2mM MgSÔ ., 

r e s u s p e n d i n g and c e n t r i f u g i n g each time. A f t e r t h e f i n a l p e l l e t i n g , 

t h e Agrobacterium was resuspended i n t h e a p p r o p r i a t e t r a n s f o r m a t i o n 

medium. 

2.2.5.4 Acetosyringone indu c t i o n of Agrobacterium 

A f t e r g r o w i n g o v e r n i g h t i n 25ml YEB, t h e Agrobacterium was 

p e l l e t e d and resuspended i n 25ml i n d u c t i o n medium (MS s a l t s , 3% 
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sucrose, 12.5mM NaaHPO^. [ S h e i k h o l e s l a m and Weeks, 19871 ) w i t h 

a n t i b i o t i c s e l e c t i o n and 1. 5mM a c e t o s y r i n g o n e . The f l a s k was then 

i n c u b a t e d a t 28"'G o v e r n i g h t and washed w i t h s t e r i l e 2mM MgSO^, as 

d e s c r i b e d above. 

2.2.5.5 Root transformation 

Root t i s s u e t r a n s f o r m a t i o n was a t t e m p t e d f o l l o w i n g Valvekens e t 

al. (1988). I n t a c t r o o t systems were e x c i s e d f r o m s t e r i l e p l a n t s and 

i n c u b a t e d on CIM (Gamborgs Bg s a l t s ; 2% gl u c o s e ; 0.5mg/l 2,4-D; pH5.7; 

0.8% agar) f o r 3 days. The r o o t s were then c u t i n t o 5mm e x p l a n t s , 

p l a c e d i n l i q u i d medium w i t h an added o v e r n i g h t /Igrofaacteriu/n c u l t u r e 

and then mixed g e n t l y f o r about 2 minutes. A f t e r b l o t t i n g on s t e r i l e 

f i l t e r paper, t h e r o o t e x p l a n t s were p l a t e d out i n clumps on GIM and 

In c u b a t e d f o r 48 hours i n t h e Growth Room. 

The e x p l a n t s were then r i n s e d , b l o t t e d and p l a t e d onto SIM 

(Gamborgs Bs s a l t s ; 2% gl u c o s e ; 5mg/l 21p; pH5.7; 0.8% agar) w i t h 

200mg/l augmentln and 50mg/l kanamycin monosulphate s e l e c t i o n . The 

p l a t e s were s e a l e d w i t h 1.25cm M i c r o p o r e , t o reduce t h e condensation, 

and kept under c o n s t a n t I l l u m i n a t i o n . The e x p l a n t s were t r a n s f e r r e d 

o n t o f r e s h medium e v e r y f o r t n i g h t . Any shoots produced were 

t r a n s f e r r e d o n t o GM (see 2.2.5.2) i n t a l l Beatson b o t t l e s w i t h p e t r l 

d i s h l i d s and s e a l e d w i t h M i c r o p o r e . I n o r d e r t o i n c r e a s e r e g e n e r a t i o n 

e f f i c i e n c y , o n l y 2 t o 4 s h o o t s were p u t i n each Beatson. 

Note: i n o r d e r t o f a c i l i t a t e t h e i n f e c t i o n s and washes, s m a l l 

a u t o c l a v e d p l a s t i c b a s k e t s w i t h lOOfira mesh bases were used. The 

e x p l a n t s were put i n t o t h e s i e v e s ready f o r i n f e c t i o n or washing. T h i s 
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a l l o w e d t h e e x p l a n t s t o be removed e a s i l y from t h e mesh r a t h e r than 

" f i s h i n g " them o u t o f t h e l i q u i d medium. The tim e needed f o r i n f e c t i o n 

and washing can t h e r e f o r e be Judged more a c c u r a t e l y . 

2.2.5.6 Kanamycln k i l l l e v e l s f o r root t i s s u e 

S t e r i l e Arabidopsis r o o t t i s s u e was e x c i s e d and p l a t e d onto CIM 

t h e n t r a n s f e r r e d o n t o SIM p l a t e s a f t e r 3 days. The media of both s e t s 

o f p l a t e s was supplemented w i t h kanamycin c o n c e n t r a t i o n s of 0, 10, 20, 

30, 40, 50, 60mg/l. The t i s s u e was examined d a i l y u n t i l t he k i l l l e v e l 

c o u l d be d e t e r m i n e d . 

2.2.5.7 Metal t o x i c i t y l e v e l s of germination 

S t e r i l i z e d Arabidopsis seeds were p l a t e d o n t o GM (see Methods 

2.2.5.2) c o n t a i n i n g i n c r e a s i n g c o n c e n t r a t i o n s o f heavy metals. The 

p l a t e s were examined r e g u l a r l y and t h e l e v e l o f g e r m i n a t i o n and growth 

was compared t o t h e unsupplemented c o n t r o l p l a t e s . 

2.2.6 Hlstochemlcal GUS assay procedure 

T i s s u e was chopped up f i n e l y and Incu b a t e d o v e r n i g h t a t 37='C 

w i t h 10|il O.IM sodium phosphate b u f f e r pH 7.0 (30.5 u n i t s 0.2M Na^HPO^ 

and 19.5 u n i t s 0.2M NaH:sPO^)and lOfj.1 2mM X-Gluc (5-brorao-4-chloro-3-

i n d o l y l g l u c u r o n i d e d i s s o l v e d i n phosphate b u f f e r ) , f o l l o w i n g 

J e f f e r s o n (1987). The t i s s u e was then dehydrated w i t h 100% e t h a n o l 

( f r e s h e t h a n o l was added when n e c e s s a r y ) . Any p o s i t i v e , e x p r e s s i n g 

t i s s u e shows a b l u e c o l o u r a t i o n , seen more c l e a r l y u s i n g a l i g h t 

microscope. 
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2.2.7 T i s s u e S e c t i o n i n g 

2.2.7.1 F i x a t i o n 

Snrra l e n g t h s o f X-Gluc s t a i n e d Arabldopsis t i s s u e were placed 

i n t o a f r e s h l y p r e p a r e d 3% paraformaldehyde and 1.25% g l u t e r a l d e h y d e 

s o L u t i o n i n 0,05M phosphate b u f f e r pH 7,0. The samples were f i x e d f o r 

a t l e a s t 4 h o u r s a t room te m p e r a t u r e , w i t h g e n t l e a g i t a t i o n , on a 45'= 

r o t a t i n g p l a t f o r m a t 2 r.p.m, 

2.2.7.2 Dehydration 

The t i s s u e samples were deh y d r a t e d a t room temperature, w i t h 

g e n t l e a g i t a t i o n , i n i n c r e a s i n g c o n c e n t r a t i o n s of e t h a n o l . The t i s s u e 

was Immersed f o r 30 min u t e s i n each o f t h e f o l l o w i n g c o n c e n t r a t i o n s o f 

e t h a n o l : 2.5%, 25%, 50%, 75%, 95% and 100%. 

2.2.7.3 Embedding i n wax 

The t i s s u e was i n f i l t r a t e d o v e r n i g h t a t room temperature I n a 

1:1 m i x t u r e o f 100% e t h a n o l : H l s t o - c l e a r w i t h g e n t l e a g i t a t i o n . The 

m i x t u r e was r e p l a c e d w i t h 100% H i s t o - c l e a r which was changed t w i c e 

d a i l y over 24 hours. The t i s s u e was i n f i l t r a t e d o v e r n i g h t i n a 1:1 

m i x t u r e o f H l s t o - c l e a r : wax ( P a r a p l a s t p l u s ) a t 56"C and then 100% 

wax a t 56'-'C f o r 36 hours, r e p l a c i n g t h e wax t w i c e d a l l y . The t i s s u e 

was then embedded i n f r e s h wax. 
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2.2.7.4 T i s s u e s e c t i o n i n g and mounting 

5 t o Z5}im s e c t i o n s were c u t fr o m t h e wax b l o c k s u s i n g a L e i t z 

1512 m l c r o t o n e , The s e c t i o n s were f l o a t e d i n a beaker of water, heated 

t o 45'='C, u n t i l t h e y u n r o l l e d . S e c t i o n s were p i c k e d up onto TESPA-

co a t e d microscope s l i d e s and d r i e d o v e r n i g h t , ( S l i d e s were TESPA 

co a t e d by Immersing i n a 2% TESPA i n acetone s o l u t i o n f o r 10 - 15 

seconds, r i n s e d t w i c e i n 100% acetone then i n d i s t i l l e d water and 

d r i e d i n a d u s t - f r e e e n v i r o n m e n t . ) 

The s l i d e s were immersed i n H i s t o - c l e a r t o d i s s o l v e the wax, 

r i n s e d w i t h 100% e t h a n o l and then d i s t i l l e d water. A f t e r d r y i n g and 

c l e a n i n g , c o v e r s l i p s were added w i t h D.P.X.mountant. 

S e c t i o n s were examined and photographed u s i n g a Nikon O p t i p h o t 

microscope. 

2.2.8 Inmuno-label l i n g 

2.2.8.1 Immuno-gold l a b e l l i n g 

5 t o 25}im s e c t i o n s were c u t f r o m t h e wax b l o c k s and processed 

(as i n 2.2.7), up t o and i n c l u d i n g t h e dewaxing w i t h H i s t o - c l e a r . The 

s l i d e s were washed i n d i s t i l l e d water then i n PBS (0.IM phosphate-

b u f f e r e d s a l i n e ) . The s e c t i o n s were then i n c u b a t e d ( s t i l l on the 

s l i d e s ) i n 5% BSA i n PBS f o r 30 minutes a t room temperature t o block 

t h e n o n - s p e c i f i c s i t e s . A f t e r r i n s i n g i n PBS, the s e c t i o n s were 

i n c u b a t e d i n a 1:50 c o n c e n t r a t i o n of s p e c i f i c a n t i b o d y ( p r o v i d e d by Dr 

A . S h i r s a t , U n i v e r s i t y o f Bangor) i n 5% BSA i n PBS f o r 4 hours a t room 

te m p e r a t u r e . The s e c t i o n s were washed ag a i n i n PBS, 3 x 15 minutes, 

then were i n c u b a t e d i n InM goat a n t i - r a b b i t IgG ( g o l d l a b e l ) i n 5% BSA 
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i n PBS, f o r 2 hours a t room t e m p e r a t u r e . A f t e r washing a f u r t h e r 3 x 

15 m i n u t e s I n PBS, t h e s e c t i o n s were r i n s e d i n d i s t i l l e d water and 

then railli Q water, ready f o r s i l v e r enhancing. 

2.2.8.2 S l i v e r enhancing 

S i l v e r enhancing was c a r r i e d out u s i n g the IntenSE M S i l v e r 

Enhancement k i t f r o m Amersham. Equal volumes o f enhancer and i n i t i a t o r 

s o l u t i o n s were mixed and added o n t o t h e s e c t i o n s , which were i n c u b a t e d 

u n t i l a brown s i g n a l was v i s i b l e . At which p o i n t , t h e s e c t i o n s were 

r i n s e d w e l l i n d i s t i l l e d water, a l l o w e d t o a i r d r y and then mounted I n 

D.P.X.mountant. 

2.2.9 Metal a n a l y s i s by flame spectrophotometry 

I n d i v i d u a l p u t a t i v e t r a n s g e n i c and c o n t r o l p l a n t l e t s were 

a n a l y s e d f o r copper c o n t e n t a f t e r 3 t o 4 weeks on c o n t r o l or lOOyiM 

CuSO^-containlng medium. Each p l a n t l e t was washed t h o r o u g h l y I n de-

i o n i z e d d i s t i l l e d water t o remove any t r a c e s o f medium. A f t e r b l o t t i n g 

d r y on Whatmann f i l t e r paper, t h e p l a n t l e t s were weighed ( i n as l i t t l e 

t i m e as p o s s i b l e t o a v o i d d e h y d r a t i o n ) . The p l a n t l e t s were f r o z e n I n 

l i q u i d n i t r o g e n and ground i n eppendorfs. 1ml 70% n i t r i c a c i d was 

added t o each p l a n t l e t and I n c u b a t e d o v e r n i g h t a t room temperature. 

The d e b r i s was c e n t r i f u g e d out o f t h e s o l u t i o n , and t h e s u p e r n a t a n t 

removed. 

A Perk i n Elmer Atomic A b s o r p t i o n Spectrophotometer was used t o 

measure t h e m e t a l c o n t e n t o f these s u p e r n a t a n t s , and the c o n c e n t r a t i o n 

was c a l c u l a t e d by comparison w i t h s t a n d a r d curves. 
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3. RESULTS 
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3.1 E s t a b l i s h i n g a Transformation Method f o r Arabidopsis thallana. 

3.1.1 Kanamycin k i l l l e v e l s of Arabidopsis 

From t h e c o n c e n t r a t i o n s of kanamycin t e s t e d (Methods 2.2.5.6), 

50mg/l was chosen f o r subsequent s e l e c t i o n s . Growth o f t h e c o n t r o l 

t i s s u e s t a r t e d t o d e c l i n e when the kanamycin c o n c e n t r a t i o n increased 

over 30mg/1 but ceased t o t a l l y a t 50mg/l. These r e s u l t s a r e I n 

agreement w i t h Valvekens et al. (1988). 

3.1.2 Agrobacterium tumefaclens C58/3 

T h i s s t r a i n was developed by Dr P. MuUineaux (John Innes 

I n s t i t u t e , Norwich) as a b i n a r y v e c t o r system f o r p l a n t 

t r a n s f o r m a t i o n s . The T-DNA f r o m t h e p T i C58 was d e l e t e d and r e p l a c e d 

by a s p e c t i n o m y c i n / s t r e p t o m y c i n r e s i s t a n c e gene. C58/3 was i s o l a t e d 

as a s p e c t l n o m y c l n / streptomycin*^' n a l i d i x i c acid'^ kanamycin'^ co l o n y 

(Dale et aJ. , 1989). 
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3. 1.3 pJIT73 

pJIT73 i s a 17.5kb c h i m a e r i c c o n s t r u c t , developed by Dr P. 

M u l l i n e a u x , based on pBIN19 (Bevan, 1984). I t c o n t a i n s a broad host 

range o r i g i n o f r e p l i c a t i o n ( e n a b l i n g i t t o r e p l i c a t e i n bo t h E.coli 

and AgrobacteriuTD) and s e l e c t a b l e b a c t e r i a l a n t i b i o t i c marker genes. 

I t a l s o c o n t a i n s a T-DNA r e g i o n , bounded by r i g h t and l e f t border 

r e p e a t s , r e c o g n i z a b l e by t h e Agrobacterium and can t h e r e f o r e be used 

as t h e donor p l a s m l d i n an Agrobacterium b i n a r y v e c t o r system. 

F i g u r e 1 shows t h e components o f the T-DNA, t h e hygromycin 

CaphlV) and neomycin (nos-neo) p h o s p h o t r a n s f e r a s e s f o r s e l e c t i o n and 

the GUS r e p o r t e r gene. The GUS gene encodes the e a s i l y d e t e c t a b l e p-

Gl u c u r o n l d a s e a c t i v i t y and, as no endogenous GUS a c t i v i t y c o u l d be 

d e t e c t e d i n Arabidopsis thaliana (see R e s u l t s 3.1.7), i t was an i d e a l 

s c o r a b l e r e p o r t e r gene. 

The GUS and aphlV genes a re both c o n s t i t u t l v e l y expressed, under 

t h e c o n t r o l o f 35S CaMV promoters. A l t h o u g h l e v e l s of e x p r e s s i o n of 

genes promoted by 35S CaMV have been shown t o v a r y I n t r a n s g e n i c 

p l a n t s (Sanders et al., 1987) ( p o s s i b l y due t o T-DNA p o s i t i o n a l 

e f f e c t s n o t t h e CaMV p r o m o t e r ) . I t has been shown t o produce 

e x p r e s s i o n l e v e l s more than 30 times h i g h e r than the commonly used 

n o p a l i n e s y n t h a s e promoter. 

T h i s c o m b i n a t i o n o f s e l e c t a b l e markers and t h e e a s i l y s c o r a b l e 

r e p o r t e r gene made pJIT73 an o b v i o u s c h o i c e t o use w h i l s t e s t a b l i s h i n g 

t h e t r a n s f o r m a t i o n procedure. 
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Ikbp 

F i g u r e 1 

pJIT73 T-DNA 

R i g h t Border 

nos-neo 

CaMV t e r m i n a t o r 

GUS 

CaMV 35S Promoter 

CaMV t e r m i n a t o r 

aphlV 

CaMV 35S Promoter 

L e f t Border 

S t r u c t u r e o f t h e pJIT73 c o n s t r u c t <P. M,Mul1ineaux), c o n t a i n i n g 

t h e nos-neo (neomycin p h o s p h o t r a n s f e r a s e ) kanamycin r e s i s t a n c e gene, 

t h e aphlV hygromycin r e s i s t a n c e gene and t h e GUS marker gene. 
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3.1.4 Production of Agrobacterlum tumefaclens pJIT73 

The p r o c e d u r e f o r t h e i n t r o d u c t i o n o f a broad h o s t range plasmld 

I n t o Agrohacterium by a t r i p a r e n t a l m a t i n g i s d e s c r i b e d I n Methods 

2.2.1.5. The a n t i b i o t i c r e s i s t a n c e phenotypes of the c o n j u g a t i v e 

<pRK2013) and donor <pJIT73) E.coli s t r a i n s were c o n f i r m e d : both grew 

on SOfigml"' kanamycin but f a i l e d t o grow on lOOpgml"' s p e c t i n o m y c i n or 

SO^igml"' n a l i d i x i c a c i d . The r e v e r s e s i t u a t i o n o c c u r r e d when the 

Agrobacterlum s t r a i n C58/3 was t e s t e d . 

A f t e r t h e t r i p a r e n t a l m a ting, 9 s i n g l e c o l o n i e s were p i c k e d o f f 

th e s e l e c t i o n p l a t e s and grown up o v e r n i g h t f o r m i n i p r e p i n g . DNA was 

e x t r a c t e d (Methods 2.2.2.3) and r e s t r i c t e d w i t h Hindlll. The 

r e s t r i c t i o n was then r u n on a 0.8% agarose g e l t o g e t h e r w i t h Hindlll 

r e s t r i c t e d DNA f r o m t h e Agrobacterium r e c i p i e n t s t r a i n as a n e g a t i v e 

c o n t r o l , Hindlll r e s t r i c t e d DNA f r o m the E.coli pJ'IT73 donor s t r a i n as 

a p o s i t i v e c o n t r o l and a X s i z e marker. The g e l was Southern b l o t t e d 

(Methods 2.2.3.10) and t h e DNA was baked onto the n i t r o c e l l u l o s e 

f i l t e r , 

The 4kb GUS fragment and t h e l,3k b Hygromycin fragment from 

/ / j ' n d l l l - r e s t r i c t e d pJIT73 were l a b e l l e d by n i c k t r a n s l a t i o n (Methods 

2,2,3.13) t o a s p e c i f i c a c t i v i t y o f 8,5 x lO'' co u n t s min-"" MS""'' arid 

were used t o probe t h e f i l t e r (Methods 2,2.3.12). A f t e r washing t o a 

s t r i n g e n c y o f 0. 1 x SSC f o r 30 minutes a t 65'^C, t h e f i l t e r was exposed 

overn i g h t . 

The r e s u l t s a r e shown i n P l a t e 1. Colony 1 ( t r a c k 1) was chosen 

f o r subsequent p l a n t t r a n s f o r m a t i o n s as t h e h y b r i d i z i n g bands pr e s e n t 

c o r r e s p o n d t o t h e 4.0kb GUS fragment and t h e 1.3kb Hygroraycin fragment 

(as do t r a c k s 3, 5, 7, 8 and 9 ) . 
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P l a t e 1 

A u t o r a d l o g r a p h o f 058/3 pJIT73 T r i p a r e n t a l M a t i n g 

1 2 3 4 5 6 7 8 9 10 

U n r e s t r i c t e d 
p j I T 7 3 

4kb GUS 
fragment 

1, 3kb 
Hygromycin 
fragment 

1-9. P u t a t i v e C58/3 pJIT73 / / i n d l l I - r e s t r i c t e d samples 

10. C58/3 / / i / K i l l l - r e s t r i c t e d n e g a t i v e c o n t r o l 

11. E.Coli pJIT73 / ^ i / 3 d I I I - r e s t r l c t e d p o s i t i v e c o n t r o l 
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3.1.5 058/3 pJIT73 transformation of Arabidopsls thaliana 

T r a n s f o r m a t i o n o f Arabidopsis r o o t t i s s u e was c a r r i e d o u t , 

f o l l o w i n g Methods 2.2.5.5, w i t h a c e t o s y r i n g o n e - i n d u c e d (Methods 

2.2.5.4) A. tumefaclens C58/3 pJIT73, The r e g e n e r a t i o n sequence of 

t r a n s f o r m e d r o o t e x p l a n t s , compared t o c o n t r o l r o o t e x p l a n t s on 50mg/l 

kanamycin s e l e c t i o n , i s shown i n P l a t e s 2a-d; shoots were l a r g e enough 

f o r e x c i s i o n w i t h i n 3 t o 4 weeks. 

P u t a t i v e t r a n s g e n i c s h o o t s which came t h r o u g h t h e 50mg/l 

kanamycin s e l e c t i o n were e x c i s e d and p l a n t e d i n t o l a r g e Beatson j a r s 

c o n t a i n i n g g e r m i n a t i o n medium (GM), Ti s s u e samples and seeds were 

c o l l e c t e d f r o m each p l a n t . 
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R e g e n e r a t i o n Sequence o f Root E x p l a n t s 

P l a t e 2a 

Transformed r o o t 

e x p l a n t s , a f t e r 

7 days on SIM 

( + s e l e c t i o n ) . 

P l a t e 2b 

Transformed r o o t 

e x p l a n t s , a f t e r 

14 days on SIM 

( t s e l e c t i o n ) . 
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P l a t e 2c 

Transformed r o o t 

e x p l a n t s , a f t e r 

21 days on SIM 

( + s e l e c t i o n ) 

3 

P l a t e 2d 

C o n t r o l r o o t 

e x p l a n t s , a f t e r 

21 days on SIM 

( f s e l e c t l o n ) 
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A n a l y s i s of p u t a t i v e transformants 

3.1.6 DNA a n a l y s i s of p u t a t i v e transformants 

DNA was e x t r a c t e d f r o m s i n g l e p u t a t i v e t r a n s g e n i c Arabidopsls 

l e a v e s and s i n g l e c o n t r o l Arabidopsis leaves, f o l l o w i n g Methods 

2,2,2,6. A 35 c y c l e PCR (polymerase c h a i n r e a c t i o n ) a m p l i f i c a t i o n , 

u s i n g p r i m e r s s p e c i f i c f o r the GUS gene (216 and 217), was used t o 

c o n f i r m t h e presence of t h e I n t r o d u c e d gene i n t r a n s f ormants. Each PCR 

c y c l e c o n s i s t e d o f 45s a t 94'='C d e n a t u r a t i o n , 45s a t 45'='C a n n e a l i n g and 

2 min, a t 72'='C e x t e n s i o n ( w i t h a 5 minute f i n a l e x t e n s i o n i n t h e 3 5 t h 

c y c l e ) , A 50pil r e a c t i o n was s e t up f o r each sample (Methods 2.2.4,5) 

u s i n g 5fj.l DNA e x t r a c t i n each r e a c t i o n , w i t h pJIT73 as a p o s i t i v e 

c o n t r o l . A l l t h e r e a c t i o n s were U V - i r r a d i a t e d f o r 7 minutes b e f o r e 

b e i n g p l a c e d i n t h e t h e r m a l c y c l e r , 

20fJil o f each r e a c t i o n was r u n on a 0,8% agarose g e l , t o g e t h e r 

w i t h a X s i z e marker, which was then Southern b l o t t e d (Methods 

2.2.3,10), The 4kb HindllJ GUS fragment o f pJlT73 was -̂'̂P l a b e l l e d by 

n i c k t r a n s l a t i o n (Methods 2.2.3.13) t o a s p e c i f i c a c t i v i t y o f 2.6 x 

10-' c o u n t s rain""' jjig""^ and was h y b r i d i z e d t o t h e f i l t e r , o v e r n i g h t , a t 

Q^'^C. The f i l t e r s were washed t o a s t r i n g e n c y o f 1 x SSC f o r 30 

m i n u t e s a t 65"'C b e f o r e b e i n g exposed f o r two hours t o X-ray f i l m 

(Methods 2.2,3, 12), 

The r e s u l t s a r e shown i n P l a t e 3. The a m p l i f i e d p r o d u c t i s 

p r e d i c t e d t o be 1808bp i n l e n g t h . A band o f the c o r r e c t s i z e , 

h y b r i d i z i n g t o t h e GUS probe, i s p r e s e n t i n t h e t r a n s g e n i c p l a n t 

t e s t e d , b u t n o t i n t h e c o n t r o l . 
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P l a t e 3 

Autoradiograph of FCR-amplif led GUS 

from P u t a t i v e Transgenic Arabidopsis pJIT73 

1808bp GUS 
fragment 

1 , 

2. 

3. 

4. 

pJIT73 GUS PGR p o s i t i v e c o n t r o l 

GUS PGR o f p u t a t i v e t r a n s g e n i c Arabidopsis pJIT73 

PGR n e g a t i v e c o n t r o l 

GUS PGR o f p u t a t i v e t r a n s g e n i c Arabidopsis pJIT73 
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3.1.7 Histochemical GUS assay 

P u t a t i v e t r a n s f o r m e d t i s s u e , t o g e t h e r w i t h c o n t r o l t i s s u e , was 

I n c u b a t e d i n X-Gluc (Methods 2.2.6). The t r a n s f o r m e d t i s s u e was 

c l e a r l y b l u e i n c o l o u r when compared t o t h e green c o n t r o l t i s s u e . 

S t a i n e d t i s s u e was f i x e d , d e h y d r a t e d and embedded i n wax (Methods 

2,2.7), then s e c t i o n e d and photographed ( P l a t e s 4a and b ) . The 

t r a n s f o r m a n t s show an a l l over b l u e c o l o u r a t i o n , I n d i c a t i n g the non-

t i s s u e s p e c i f i c e x p r e s s i o n p a t t e r n o f t h e 35S CaMV promoter. The 

c o n t r o l t i s s u e showed no bl u e c o l o u r a t i o n a t a l l . 

3.1.8 Immuno-gold antl-GUS l a b e l l i n g 

S e c t i o n s o f t i s s u e , p r e p a r e d as above, were i n c u b a t e d w i t h the 

anti-GUS a n t i b o d y , t h e n immuno-gold l a b e l l e d and s i l v e r enhanced 

(Methods 2.2.8), A f t e r mounting i n D.P.X. mountant, t h e s e c t i o n s were 

photographed under e p l - p o l a r l z e d l i g h t ( P l a t e 5 ) . The s i l v e r p a r t i c l e s 

t h a t enhance t h e Immuno-gold l a b e l were c l e a r l y seen a l l over the 

t r a n s g e n i c s e c t i o n whereas no l a b e l was p r e s e n t on t h e c o n t r o l 

s e c t i o n s . 

3.1.9 C o n c l u s i o n 

I t was conclud e d f r o m t h i s data t h a t t he r o o t t r a n s f o r m a t i o n 

system d e s c r i b e d was s u f f i c i e n t l y f a s t and e f f i c i e n t f o r use i n f u t u r e 

e x p e r i m e n t s . The GUS marker gene has a l s o proved t o be u s e f u l I n 

d e t e c t i n g t r a n s f o r r a a n t s . The h i s t o c h e m i c a l assay i s q u i c k and easy, 

and w i t h t he a v a i l a b i l i t y o f t h e GUS PCR p r i m e r s , the presence of the 

gene a t t h e DNA l e v e l i s r e a d i l y d e t e c t e d . 
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P l a t e 4 <a and b) 
Stem S e c t i o n s of Transgenic Arabidopsis / pJIT73 

Histochemical GUS Expression 

4a : Stem s e c t i o n s o f GUS h i s t o c h e m i c a l l y s t a i n e d t r a n s g e n i c 
Arabidopsis / pJIT73, showing a s t r o n g b l u e c o l o u r a t i o n 
t h r o u g h o u t t h e s e c t i o n s (except i n some of the more h i g h l y 
r e f r a c t i v e xylem c e l l s [ X ] ) , which I n d i c a t e s a h i g h l e v e l o f 
n o n - t i s s u e - s p e c i f i c 35S CaMV-GUS e x p r e s s i o n . 

S e c t i o n of a GUS h i s t o c h e m i c a l l y s t a i n e d c o n t r o l Arabidopsis 
stem, showing t h e lac k o f b l u e c o l o u r a t i o n , and t h e r e f o r e lack 
of GUS e x p r e s s i o n , when compared t o P l a t e 4a. 
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P l a t e 5 
Stem S e c t i o n of Transgenic Arabidopsis / pJIT73 

Inmiunogold GUS Assay 

x200 

stem s e c t i o n o f Arabidopsis / pJIT73 a f t e r immunogold anti-GUS 
l a b e l l i n g and s i l v e r enhancing, showing t h e a c c u m u l a t i o n of s i l v e r 
p a r t i c l e s over t h e e n t i r e s e c t i o n . T h i s c o r r e l a t e s t o the GUS 
e x p r e s s i o n p a t t e r n shown i n P l a t e 4a of n o n - t i s s u e - s p e c i f i c e x p r e s s i o n 
which I s t h e expected e x p r e s s i o n p a t t e r n of t h e 35S CaMV promoter. 
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3.2 Transformation of Arabidopsis with the P u t a t i v e Plant 

M e t a l l o t h l o n e i n Gene PsMT^ (from Plsum sativum). 

3.2.1 PGR a m p l i f i c a t i o n of PsMT^ 

The PSM;» c o d i n g r e g i o n was c o n t a i n e d i n a c l o n e d segment of pea 

genomic DNA, pXS2 (3. I k b i n s e r t i n pUC18). The c l o n i n g s t r a t e g y 

employed t o o b t a i n t h e c o d i n g sequence i n a f o r m s u i t a b l e f o r 

i n c o r p o r a t i o n i n A, tumefaciens e x p r e s s i o n v e c t o r s was t o a m p l i f y the 

PsMT,-^ c o d i n g r e g i o n u s i n g t h e polymerase c h a i n r e a c t i o n (PGR), a t the 

same time a d d i n g a s p e c i f i c r e s t r i c t i o n s i t e t o b o t h ends. A two stage 

c l o n i n g would t h e n f o l l o w , f i r s t i n t o pUC18, then i n t o t he pROKII 

v e c t o r ready f o r t h e A, tumefaciens t r l p a r e n t a l mating. 

F i g u r e 2 shows the PsMT^ sequence, and t h e p o s i t i o n and sequence 

o f b o t h t h e f o r w a r d (270) and r e v e r s e (271) p r i m e r s . 

The PGR f o r w a r d p r i m e r (270) was designed t o prime from base -44 

(T) and was a 15bp p e r f e c t match. A Kpnl (and ASF71Q^ r e s t r i c t i o n s i t e 

was added, t o g e t h e r w i t h two e x t r a bases a t the 5' end t o ensure t h a t 

t h e Kpnl s i t e would be a m p l i f i e d i n t a c t , as one or two bases are o f t e n 

l o s t f r o m t h e ends o f the PGR p r o d u c t d u r i n g a m p l i f i c a t i o n . 

The r e v e r s e PGR p r i m e r (271) was designed t o prime from base 883 

(G) and was a l s o a 15bp p e r f e c t match. A Kpnl r e s t r i c t i o n s i t e and two 

e x t r a bases were added t o t h e 5' end as on t h e f o r w a r d primer. 

Kpnl r e s t r i c t i o n s i t e s were chosen f o r the p r i m e r c o n s t r u c t i o n 

because the PSMTA c o d i n g r e g i o n c o n t a i n s no i n t e r n a l s i t e s and the 

pROKII v e c t o r has a u s e f u l l y p o s i t i o n e d Kpnl c l o n i n g s i t e . A l s o the 

Kpnl I s o s c h i z o m e r , ASF?\Q, produces a l a r g e r overhang than Kpnl and 

was t h e r e f o r e used i n the PsMTf^ c l o n i n g . 
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F i g u r e 2 

The Sequence of PsMTf^ 
5' . . GAAGATAACAGCAACCAAGCAATTAATATCAATTGTTGTTTGCAAAAAATCTTAGGTTCTGAAAAT 

ATGGTACCAGCAACCAAGCAAT (Primer 270> 

ATG TCT GGA TGT GGT TGT GGA AGC AGT TGC AAC TGT GGT GAT AGC TGC AAGTAA 
Met Ser Gly Cys Gly Cys Gly Ser Ser Cys Asn Cys Gly Asp Ser Cys Ly 

Domain 1 

GGATCCACCACCTTAATTCTTTGTTGTTTTTCTGTATAATTTTTTCATTACAATTATTTGTATGTCTATT 

TTTAATCATATAGATGATTCTTTGGAGATTTTTTTAAATAATTTGTTTAGTTTTATCGCATCGAATAATA 

TATGATCTGAGCATGAGAAAAATAAATTTAATATAGACGGATTGTTTTTTATAAATGAATTAGGCTGAAT 

CTAAATTCTAAGACTATGAATATGGTTCATAATTCTATGTTAAATCATTTTGTGTAGTGAAATTGGGCAA 

TTTTATGTGTAAACGCATAATTTTGAGGTTTAAAATAAGGATCGTGCTGTCGCGATAGTTTAAGTGTCGA 

TTGTAGTCGCGTAAAGGCTTTTCTGATTTCGGTTGGTTTAAGTGTTGATTGCAATCGTGTAAAGAGTTTT 

CTAATTTCGGTTGGTTTAGGTGCGATTGCAGTCGGGTAAAGATTTTCGTGATTGTCGTCGTTGCGGTGTG 

AATTAATCACAATTTCTTCTTTATCATAAAAACGTTGAATAACATATCGATATCGATTTGAAAACCTTTT 

TCGTGTAACGGTCTTTCGAAAACCTTTATrTTGACAACCAAGTTTATAATTGATTTGTTTTGCTTGACAG 
A TGC AAC AAG AGG TCT AGT GGA TTG AGC TAG TCC GAA ATG GAA ACC ACC 
s Cys Asn Lys Arg Ser Ser Gly Leu Ser Tyr Ser Glu Met Glu Thr Thr 

GAA ACC GTG ATT CTT GGC GTC GGT CCG GCG AAG ATC CAG TTT GAA GGT GCT 
Glu Thr Val l i e Leu Gly Val Gly Pro A l a Lys l i e Gin Phe Glu Gly Ala 

GAA ATG AGT GCT GCT TCT GAG GAT GGT GGC TGC AAG TGT GGT GAT AAC TGC 
Glu Met Ser A l a Ala Ser Glu Asp Gly Gly Cys Lys Cys Gly Asp Asn Cys 

Domain 2 

ACT TGT GAC CCT TGC AAC TGC AAA TGAAGTGTAACATATAAAAGCTTGAAGCAGAGATATTG 
Thr Cys Asp Pro Cys Asn Cys Lys CTTCGTCTCTATAAC 

AAACCATTATGTTT 3' 
CATGGTA (P r i m e r 271) 

The sequence o f PsMTf^ and t h e p r e d i c t e d amino a c i d sequence o f 

i t s p r o d u c t (Evans et al. , 1990a). Pr i m e r s 270 and 271 bo t h c o n t a i n a 

Kpnl I ASniQ r e s t r i c t i o n s i t e (GGTAC/C) a t the 5' ends. A PGR u s i n g 

these p r i m e r s on PsMT,-, s h o u l d produce a 969bp p r o d u c t f r o m chromosomal 

DNA and a 335bp p r o d u c t f r o m cDNA. 
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A 10 c y c l e PGR was used w i t h a 1 ^ minute d e n a t u r a t i o n s t e p a t 

94'-'C, a 1 m i n u t e a n n e a l i n g s t e p a t SO'-'G ( w e l l below t h e p r i m e r m e l t i n g 

t e m p e r a t u r e s o f 64'='C and 62'-'G) and a 2 minute e x t e n s i o n s t e p a t 72'''G. 

A 5 minute e x t e n s i o n s t e p was added t o f i n i s h t he 11th c y c l e (Methods 

2.2.4.5). 

20 ) i l o f the PGR p r o d u c t was r u n on a 1 % agarose g e l a l o n g w i t h a 

PGR n e g a t i v e c o n t r o l (no t e m p l a t e DNA was added t o the r e a c t i o n ) and a 

X s i z e marker. The g e l was b l o t t e d and probed w i t h the 3. Ikb PsMT^ 

EcoRl/Sall fragment o f pXS2, n i c k t r a n s l a t i o n l a b e l l e d t o a s p e c i f i c 

a c t i v i t y o f 1.35 x 10"^ cprnjig"'. The f i l t e r was washed t o a s t r i n g e n c y 

o f 0.1 X SSG f o r 30 minutes a t 65'='C and exposed o v e r n i g h t (Methods 

2.2.3.10/12/13). 

The r e s u l t s a r e shown i n P l a t e 6. The s t r o n g l y h y b r i d i z i n g band 

i s 959bp and t h e r e f o r e c o r r e s p o n d s t o PsMT^, ( t h e s m a l l e r band 

co r r e s p o n d s t o t h e p r i m e r s ) . The remainder o f the PGR was r u n on a 1% 

agarose g e l and t h e 969bp band was e l e c t r o e l u t e d (Methods 2.2.3.7), 

3.2.2 Cloning PsMT^ into pUClS 

A t t e m p t s t o c l o n e t h e PsNT^ c o d i n g r e g i o n i n t o pUG18 u s i n g t h e 

Kpnl s i t e s were u n s u c c e s s f u l . S i m i l a r problems have a r i s e n I n o t h e r 

groups w i t h t h e lac k o f r e c o g n i t i o n by r e s t r i c t i o n enzymes t o s i t e s 

towards t h e ends o f PGR a m p l i f i e d p r o d u c t s . 

B l u n t - e n d c l o n i n g was t h e ob v i o u s n e x t s t r a t e g y t o a t t e m p t . The 

PsMT^ was b l u n t - e n d c l o n e d i n t o rfinclI-restricted pUC18 (Methods 

2.2.4.1/2). The l i g a t i o n was t r a n s f o r m e d i n t o E.coli DH5aMAX competent 

c e l l s which were p l a t e d o n t o Xgal/Amp p l a t e s (Methods 2.2.1.4). 3 

w h i t e c o l o n i e s were s e l e c t e d , grown o v e r n i g h t and m l n i p r e p e d . The DNA 
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P l a t e 6 

Autoradlograph of PCR-an^l i f i e d FsifT^ from pXS2 

I 2 3 

969bp 
PsMT^ 
band 

1. PGR o f pXS2 u s i n g PsMT^ p r i m e r s 270 and 271 

2. PGR n e g a t i v e c o n t r o l 

3. PGR o f pXS2 u s i n g PsMT^ p r i m e r s 270 and 271 
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was AS/718 (.Kpnl l s o s c h l z o m e r ) - r e s t r i c t e d and r u n on a g e l w i t h a X 

s i z e marker. 2 o f t h e 3 c o l o n i e s showed a 969bp i n s e r t . DNA from both 

o f these c o l o n i e s was prepared f o r sequencing (Methods 2,2.2.2) and 

sequenced by J. Bryden u s i n g t h e ABl 373A DNA sequencer. The r e s u l t s 

c o n f i r m e d t h e sequence t o be t h a t of PsMTfi,. 

3.2.3 Cloning PsMT^ I n t o pROKII 

F i g u r e 3 shows t h e pBlN19 based pROKll c o n s t r u c t s w i t h t h e PsMT^ 

c o d i n g r e g i o n i n between the 35S CaMV c o n s t i t u t i v e promoter and the 

nos t e r m i n a t o r , and t h e nos-neo kanamycin r e s i s t a n c e gene. 

pROKII was r e s t r i c t e d w i t h ASP718 t o produce l a r g e r overhangs 

t h a n Kpnl ( t h e r e f o r e i m p r o v i n g c l o n i n g e f f i c i e n c y ) , and a l k a l i n e 

phosphatase t r e a t e d (Methods 2.2.4.3) t o reduce r e l i g a t l o n . The ASF718 

FsMT^ fragment was e l e c t r o e l u t e d f r o m a g e l and l i g a t e d i n a 1:1 molar 

r a t i o w i t h t h e ASP718 r e s t r i c t e d pROKIl. I j i l o f t h e l i g a t i o n was 

t r a n s f o r m e d I n t o E.coli DH5a competent c e l l s which were then p l a t e d 

o n t o SOfjLgml-' kanamycin YT (Methods 2,2.1,3). A p p r o x i m a t e l y 60 

c o l o n i e s grew o v e r n i g h t . 

The c o l o n i e s were p i c k e d o f f onto 2 r e p l i c a p l a t e s f o r a col o n y 

screen, a PsMT,c p o s i t i v e c o n t r o l was added, and one f i l t e r was probed 

w i t h t h e PsMT^ probe (as r e s u l t s 3.2.1). A f t e r washing t o a s t r i n g e n c y 

o f 0.1 X SSC f o r 10 minutes a t 65'=C, and o v e r n i g h t exposure, 25 

c o l o n i e s were shown t o c o n t a i n PsMT,o,. 

6 o f t h e s e c o l o n i e s were p i c k e d o f f and grown o v e r n i g h t t o 

m l n i p r e p (Methods 2.2.2.1). The DNA was r e s t r i c t e d w i t h ASP71Q and r u n 

on a 0.8% agarose g e l , w i t h a X s i z e marker t o r e c o n f i r m t h e presence 

of t h e 969bp PsMT,^ band. A l l 6 c o l o n i e s were p o s i t i v e , each showing a 
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F i g u r e 3 

p+PsMT^ 

5' 

3't 

R i g h t Border 

nos-neo 

I k b 

GaMV 35S Promoter 

PsMT^ c o d i n g r e g i o n 

nos t e r m i n a t o r 

L e f t Border 

p-PsMT^ 

3 - i 
5 

S t r u c t u r e o f t h e p+PsMT^ and p-PsMT^^ c o n s t r u c t s , c o n t a i n i n g the 

nos-neo kanaraycin r e s i s t a n c e gene and e i t h e r t h e p o s i t i v e or n e g a t i v e 

o r i e n t a t i o n o f PsMT^. D e t a i l s o f t h e c o n s t r u c t i o n a r e i n R e s u l t s 

3.2.3. 
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band which, when compared t o t h e X s i z e marker, appeared t o be 969bp 

l o n g . 

The o r i e n t a t i o n o f the PsMT^ i n s e r t was c o n f i r m e d by r e s t r i c t i n g 

t h e DNA w i t h Hindlll. The o n l y Hindlll s i t e s i n the c o n s t r u c t a r e 

shown i n F i g u r e 4. When r e s t r i c t e d , the p o s i t i v e o r i e n t a t i o n c l o n e 

s h o u l d c o n t a i n t h e l a r g e pBIN19 band and t h e 1744bp 35S CaMSJ-PsMT^ 

band whereas the n e g a t i v e o r i e n t a t i o n c l o n e s h o u l d c o n t a i n t h e pBIN19 

band and t h e 825bp 35S GaMV band. Of t h e 6 c l o n e s t e s t e d , 2 were i n 

th e p o s i t i v e o r i e n t a t i o n and 4 were i n t h e n e g a t i v e o r i e n t a t i o n . 

3.2.4 Production of the Agrobacteriim tumefaciens PsMT^ s t r a i n s 

The a n t i b i o t i c r e s i s t a n c e phenotypes o f t h e E.<^oll PsMT^ p o s i t i v e 

and n e g a t i v e s t r a i n s were c o n f i r m e d by t h e i r g r o w t h on SOfigml"' 

kanamycin and f a i l u r e t o grow on lOOpgml"^ s p e c t i n o m y c l n and 80pigmr-' 

n a l i d i x i c a c i d . 

A f t e r t h e t r i p a r e n t a l matings, 5 c o l o n i e s f r o m each of the 

p o s i t i v e and n e g a t i v e o r i e n t a t i o n s t r a i n s were p i c k e d o f f the 

s e l e c t i o n p l a t e s and grown o v e r n i g h t f o r m l n i p r e p i n g (Methods 

2 . 2 . 2 . 3 ) . The DNA was e x t r a c t e d and h a l f o f i t r e s t r i c t e d w i t h ASP71Q, 

t h e remainder w i t h Hindlll. A 0.8% agarose g e l was r u n f o r each s e t of 

r e s t r i c t i o n s , w i t h p o s i t i v e and n e g a t i v e s t r a i n s t o g e t h e r w i t h a G58/3 

n e g a t i v e c o n t r o l , E.coli p o s i t i v e c o n t r o l s and a X s i z e marker on 

each. The g e l s were Southern b l o t t e d and t h e f i l t e r s probed w i t h the 

PsMT^ probe (as 3 . 2 . 1 ) . A f t e r washing t o a s t r i n g e n c y of 0. 1 x SSC f o r 

10 m i n u t e s a t 65'=''C, the f i l t e r s were exposed o v e r n i g h t (Methods 

2 . 2 . 3 . 1 0 / 1 2 / 1 3 ) . The r e s u l t s a r e shown i n P l a t e s 7 and 8. 
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F i g u r e 4 

p+/-PsMT^ Hlndlll R e s t r i c t i o n S i t e s 

Hindi II 

800bp 

C o M V + PSMZ-, 

Hindi 11 

800bp 

CariV 

Hind 111 

PsMZ, 

F i g u r e 4 shows t h e Hindlll r e s t r i c t i o n s i t e s used t o determine 

t h e o r i e n t a t i o n o f t h e 969bp PsMT^ i n s e r t w i t h i n t h e T-DNA. When 

r e s t r i c t e d , t h e p o s i t i v e o r i e n t a t i o n c l o n e s h o u l d r e s u l t i n t h e l a r g e 

pBIN19 band and t h e 1744bp 35S CaMV-PsMT^; the n e g a t i v e o r i e n t a t i o n 

c l o n e s h o u l d r e s u l t I n t h e pBIN19 band and t h e 825bp 35S CaMV band. 
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P l a t e s 7 and 8 

Autoradiographs of C58/3 pFsAfT^ T r i p a r e n t a l Mating 

1 2 3 4 5 6 7 8 9 10 11 12 

969bp 
PsMT^ 
fragment 

1. E.coli pPsMTa ASPJIQ r e s t r i c t e d p o s i t i v e c o n t r o l 
2. C58/3 ASF718 r e s t r i c t e d n e g a t i v e c o n t r o l 
3-7. P u t a t i v e C58/3 p+Ps/fT^ ASPVIQ r e s t r i c t e d samples 
8-12. P u t a t i v e C58/3 p-PsMT,^ ASP71Q r e s t r i c t e d samples 

1 7 8 9 10 11 12 

19kb 
pBIN19 
-PsMT^ 

1744bp 
^PsMT^ 

1-5. P u t a t i v e C58/3 p+PsffT^ Hindlll r e s t r i c t e d samples 
6. E.coli p^PsMTp, Hindlll r e s t r i c t e d p o s i t i v e c o n t r o l 
7. C58/3 Hindlll r e s t r i c t e d n e g a t i v e c o n t r o l 
8. E. coli p-PsMT^ Hindlll r e s t r i c t e d n e g a t i v e c o n t r o l 
9-12. P u t a t i v e C58/3 p-PsMT^ Hindlll r e s t r i c t e d samples 

-106-



Track 3, P l a t e 7, ( t r a c k 1, P l a t e 8) was s e l e c t e d f o r the 

A. tumefaciens G58/3 PsMT^ p o s i t i v e s t r a i n as i t shows t h e expected 

969bp band when y ^ 5 F 7 1 8 - r e s t r i c t e d , and t h e expected 1744bp band when 

/ / / n d l l l - r e s t r i c t e d which h y b r i d i z e t o t h e PsMT.c probe. Track 9 ( P l a t e s 

7 and 8) was s e l e c t e d f o r t h e A. tumefaciens G58/3 PsMT^ n e g a t i v e 

s t r a i n as i t shows t h e expected 969bp band when i4SP718-restrIcted, and 

t h e e xpected 19kb band when / ^ i n d I I l - r e s t r i c t e d , which h y b r i d i z e t o the 

PsMT^t probe. The r e s t r i c t i o n s i t e s and band s i z e e x p l a n a t i o n s are 

shown i n F i g u r e 4. 

3.2.5 C58/3 PsMT^ transformation of Arabidopsis tbaliana 

The Arabidopsis r o o t e x p l a n t s were t r a n s f o r m e d as i n Methods 

2.2.5.5, u s i n g a c e t o s y r i n g o n e - i n d u c e d Agrobacteria, The e x p l a n t s were 

p l a t e d out o n t o s h o o t - i n d u c i n g medium (SIM) c o n t a i n i n g 200rag/l 

augment i n and 50mg/l kanamycin. The s h o o t s were e x c i s e d a f t e r 5 weeks 

and t r a n s f e r r e d o n t o g e r m i n a t i o n medium (CM). The s i l l q u e s were 

a l l o w e d t o de v e l o p and t h e seeds c o l l e c t e d . 
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A n a l y s i s of p u t a t i v e transformants 

3.2.6 D e t e c t i o n of FsJifr^ by PGR 

DNA was e x t r a c t e d f r o m s i n g l e p u t a t i v e t r a n s g e n i c p+PsMT,» and 

p-PsMTfi Arabidopsis leaves, s i n g l e c o n t r o l Arabidopsis leaves and a 

comparable s i z e d p i e c e o f a Pisum sativum l e a f , f o l l o w i n g Methods 

2.2.2.6. A 35 c y c l e PCR o f 45 seconds a t 94'̂ --C, 45 seconds a t 55°C and 

2 minutes a t 72'"-'C, w i t h a 5 minute e x t e n s i o n t i m e added t o the 35th 

c y c l e , was used. 5 0 ) i l PCRs were s e t up w i t h p r i m e r s 270 and 271 (see 

3.2.1) and 10 or 2 . 5 f i l o f the Pisum sativum, c o n t r o l or t r a n s g e n i c 

l e a f e x t r a c t s . A pXS2 p o s i t i v e c o n t r o l and PCR n e g a t i v e c o n t r o l s were 

a l s o s e t up. The r e a c t i o n s were a l l U V - l r r a d i a t e d f o r 7 minutes b e f o r e 

b e i n g p l a c e d i n t o t h e th e r m a l c y c l e r . 

The p r o d u c t s were r u n on a 1.5% agarose g e l a l o n g w i t h a X s i z e 

marker. The g e l was Southern b l o t t e d and the f i l t e r s probed w i t h t he 

PsMTf^ probe, as 3.2.1. A f t e r washing t o a s t r i n g e n c y o f 0, 1 x SSC f o r 

30 m i n u t e s a t 65°C, t h e f i l t e r was exposed o v e r n i g h t (Methods 

2.2.3. 10/12/13). 

The r e s u l t s a r e shown i n P l a t e 9, and show 969bp bands t h a t are 

s t r o n g l y h y b r i d i z i n g t o t h e PsMT^:, probe i n the pXS2 and Pisum sativum 

p o s i t i v e c o n t r o l s as w e l l as t h e p u t a t i v e t r a n s g e n i c Arabidopsis p+ 

and p-PsMT^ s t r a i n s . A f a i n t background band can be seen i n the PCR 

n e g a t i v e c o n t r o l b u t b o t h of the Arabidopsis n e g a t i v e c o n t r o l s show no 

t r a c e o f PsMT^ h y b r i d i z a t i o n . 
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P l a t e 9 

Autoradiograph of FCR-amplifled PsMT^ 
from P u t a t i v e Transgenic S i n g l e Leaf DNA 

3 4 5 6 7 8 9 

969bp 
PsMT^ 
band 

1. pXS2 PsMTf^ PGR p o s i t i v e c o n t r o l 

2. Pisum sativum PsMT^^ PGR p o s i t i v e c o n t r o l 

3. PGR n e g a t i v e c o n t r o l 

4. G o n t r o l Arabidopsis PsMT^^ PGR n e g a t i v e c o n t r o l 

5. P u t a t i v e t r a n s g e n i c Arabidopsis/p-PsMTf^ PGR 

6. C o n t r o l Arabidopsis PsMT^ PGR n e g a t i v e c o n t r o l 

7-9. P u t a t i v e t r a n s g e n i c Arabidopsis/p+PsMT^ PGR 
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3.2.7 D e t e c t i o n of Ps/fT^ mRNA ex p r e s s i o n 

raRNA was e x t r a c t e d , f o l l o w i n g Methods 2,2.4.7, from c o n t r o l and 

t r a n s g e n i c p-PsMT^ and p-i-PsMT^ t i s s u e . Using r e v e r s e t r a n s c r i p t a s e , 

cDNA was made fr o m each sample. 

l O f i l o f each cDNA s o l u t i o n was used i n a 50^il PCR u s i n g p r i m e r s 

270 and 271 and t h e 35 c y c l e PCR d e s c r i b e d i n 3.2.6. P o s i t i v e and 

n e g a t i v e PCR c o n t r o l s were s e t up as be f o r e . 20)il o f each r e a c t i o n was 

ru n on a 1,5% agarose g e l t o g e t h e r w i t h a X s i z e marker. The g e l was 

Southern b l o t t e d and t h e f i l t e r probed w i t h t h e PsMT^^ probe as 3,2.1. 

A f t e r washing t o a s t r i n g e n c y of 0. 1 x SSC f o r 30 minutes a t 65''-'C, the 

f i l t e r was exposed o v e r n i g h t (Methods 2.2.3,10/12/13), 

The r e s u l t s a r e shown i n P l a t e 10, The 969bp band I s the PCR 

p r o d u c t o f c o n t a m i n a t i n g genomic DNA or unprocessed mRNA and 

corr e s p o n d s t o PsMT^^ complete w i t h I t s i n t r o n . The second s m a l l e r band 

(335bp) c o r r e s p o n d s t o PsMT^ w i t h no i n t r o n and i s t h e r e f o r e t he 

p r o d u c t o f t h e mRNA/cDNA PCR. The p-PsMT^ c l o n e shows no 335bp band, 

as expected. 

3.2.8 Q u a n t i f i c a t i o n of mRNA by competitive PCR 

F o l l o w i n g G i l l i l a n d e t al. (1990), t h e q u a n t i t y of template DNA 

p r e s e n t i n a PCR can be e s t i m a t e d by comparing t h e amount of product 

w i t h t h e amount o f p r o d u c t o f a c o m p e t i t i v e t e m p l a t e of known 

c o n c e n t r a t i o n . As l o n g as t h e t e m p l a t e c o n c e n t r a t i o n I s the o n l y 

l i m i t i n g f a c t o r , t h e c o n c e n t r a t i o n o f t h e p r o d u c t s s h o u l d be d i r e c t l y 

p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n of t h e tem p l a t e s . 
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P l a t e 10 

Autoradlograph of PCR-ampllfled PsMT^ mRNA Expression 

969bp Psm,c 
genomic DNA 

335bp PsMT^ 
cDNA 

1. pXS2 PsMTf^ PGR p o s i t i v e c o n t r o l 

2. PGR n e g a t i v e c o n t r o l 

3. P u t a t i v e t r a n s g e n i c Arabidopsis/p-PsMT^^ genomic and cDNA PGR 

4. G o n t r o l Arabidopsis genomic and cDNA PGR 

5+6. P u t a t i v e t r a n s g e n i c Arabidopsis/p-^PsMT^ genomic and cDNA PGR 
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The sequence o f PSMTB i s shown i n F i g u r e 5, a l o n g w i t h t he two 

p r i m e r s (283 and 284) designed t o prime both PSMTE, and PsMT^. PsMT^ 

was an i d e a l c o m p e t i t i v e t e m p l a t e because as w e l l as h a v i n g an 

I d e n t i c a l p r i m i n g s i t e t o PsMT^, i t s PCR p r o d u c t (405bp) i s a 

d i f f e r e n t s i z e t o b o t h t h e PsNT^ chromosomal DNA PCR produ c t (875bp) 

and t h e cDNA PCR p r o d u c t (241bp). 

The PsMTis c o m p e t i t i v e t e m p l a t e was prepared by m i n i p r e p i n g the 

pUCia-PsMTs p l a s m i d f r o m E.coli (Methods 2,2,2.1) and r e s t r i c t i n g w i t h 

EcoRl and Hindlll. The PsMTi^ fragment was e l e c t r o e l u t e d (Methods 

2,2.3.7), p h e n o l / c h l o r o f o r m e x t r a c t e d and e t h a n o l p r e c i p i t a t e d . A f t e r 

r e s u s p e n s l o n , t h e DNA c o n c e n t r a t i o n was determined and d i l u t i o n s of 

l , 0 0 p g / j j i l , 0 , 5 0 p g / } i l , 0, 10pg / ) J i l and 0,05pg/fil were produced. 

raRNA was e x t r a c t e d and cDNA s y n t h e s i z e d from a 2mm square p o r t i o n 

o f l e a f t i s s u e f r o m two d i f f e r e n t p l a n t s , f o l l o w i n g G l l l l l a n d et al. 

(1990) (Methods 2.2.4.7), 5fj.l o f t h e 20^1 cDNA p r e p a r a t i o n was mixed 

w i t h 5fj,l o f each o f t h e PsMT^ d i l u t i o n s f o r t h e PCR templates. A 35 

c y c l e PCR (45 seconds a t 94'='C, 45 seconds a t 45°C and 2 minutes a t 

72'='C w i t h an e x t r a 3 minutes added t o t h e f i n a l e x t e n s i o n ) was c a r r i e d 

o u t w i t h t h e p r i m e r s 283 and 284 (see F i g u r e 5 ) , 

25)jil o f each r e a c t i o n was r u n on a 1.2% agarose g e l , a l o n g w i t h a 

p o s i t i v e and n e g a t i v e c o n t r o l and a X s i z e marker. The g e l was 

Sout h e r n b l o t t e d and probed w i t h t h e PsMT^ probe (as b e f o r e ) . A f t e r 

washing t o a s t r i n g e n c y o f 0,1 x SSC a t 65'='C f o r 30 minutes, the 

f i l t e r was exposed o v e r n i g h t (Methods 2,2,3.10/12/13). 

The r e s u l t s a r e shown i n P l a t e 11. The l a r g e r band corresponds t o 

the 405bp PsMTc^ PCR p r o d u c t and t h e s m a l l e r one corresponds t o the 

241bp PsMT^ cDNA PCR p r o d u c t . From these r e s u l t s , a 2mm square o f 

p l a n t 5 shows the presence of a p p r o x i m a t e l y 2.0pg PsMT^ cDNA and o f 

p l a n t 6 shows a p p r o x i m a t e l y 14.0pg P s W « cDNA when c o r r e c t e d . 
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F i g u r e 5 

The Comparative Sequences of PsWTX. and PsMTg 
PsMT«5' . . GAAGATAACAGCAACCMGCAATTAATATCAOTTGTTGTTTUCAAAAAATCTTAG 

GTTCTGAAAATATGTCTGGATGTGGTTGTGGAAGCAGTTGCAACTGTGGTGATAGCTGCAAGTAAGGATC 
PsMTe GTCTGGATGTGGTTGTGGAAGCAGTTGCAACTGTGGTGATAGCTGCAAGTAAGGATC 

GCGAATTCGTCTGGATGTGGTTGTGG (Primer 284) 

CACCACCTTAATTCTTTGTTGTTTTTCTGTATAATTTTTTGATTACAATTATTTGTATGTCTATTTTTAA 
CACCACCTTAACTCT1'CCTTACA'n'AAAATCTA1'ATAArrAT'n''nTTCTATATGGlTATTAATCTGT--

TCATATAGATGATTCTTTGGAGATTTTTTTAAATAATTTGTTTAGTTTTATCGCATCGAATAATATATGA 

TCTGAGCATGAGAAAAATAAATTTAATATAGACGGATTGTTTTTTATAAATGAATTAGGCTGAATCTAAA 

TTCTAAGACTATGAATATGGTTCATAATTCTATGTTAAATCATTTTGTGTAGTGAAATTGGGCAATTTTA 

TGTGTAAACGCATAATTTTGAGGTTTAAAATAAGGATCGTGCTGTCGCGATAGTTTAAGTGTCGATTGTA 

GTCGCGTAAAGGCTTTTCTGATTTCGGTTGGTTTAAGTGTTGATTGCAATCGTGTAAAGAGTTTTCTAAT 

TTCGGTTGGTTTAGGTGCGATTGCAGTCGGGTAAAGATTTTCGTGATTGTCGTCGTTGCGGTGTGAATTA 

ATCACAATTTCTTCTTTATCATAAAAACGTTGAATAACATATCGATATCGATTTGAAAACCTTTTTCGIG 
TGGTATTTATTTTTTTTCTTAA 

TAACGGTCTTTCGAAAACCTTTATTTTGACAACCAAGTTTATAATTGATTTGTTTTGCTTGACAGATGCA 
GAATCAATCTTGCAAAAAATlTGll'AATATTTTATTGGATTATTTTGAIT-rTTA'rTGCTGTGCAGATGGA 

ACAAGAGGTCTAGTGGATTGAGCTACTCCGAAATGGAAACCACCGAAACCGTGATTCTTGGCGTCGGTCC 
ACAAGAGGTCTAGTGGATTGAGCTACTCCGAAATGGAAACCACAGAAACCGTGATTC1TGGCGTCGGTCC 

GGCGAAGATCCAGTTTGAAGGTGCTGAAATGAGTGCTGCTTCTGAGGATGGTGGCTGCAAGTGTGGTGAT 
GGCGAAGATCCAGTTTGATGGTGCTGAAATGAGTGTTGCAGCTGAGGATGGTGGCTGCAAGTGTGGTGAT 

AACTGCACTTGTGACCCTTGCAACTGCAAATGAAGTGTAACATATAAAAGCTTGAAGCAGAGATATTGAA 
AGCTGCACTTGTGACCCTTGCAACTGCAAA 

GTGACCCTTGCAACTGCAAAGTCGACGGCC (Primer 283) 

ACCATTATGTTT 3' 

The c o m p a r a t i v e sequences o f PsMT^ and PsMTs (Bryden, personal 

c o m m u n i c a t i o n ) . A PGR w i t h p r i m e r s 283 and 284 fr o m PsMTg s h o u l d 

produce a 405bp p r o d u c t . I f PsMT^ is t h e t e m p l a t e , a 875bp product 

f r o m t h e chromosomal DNA and a 241bp p r o d u c t f r o m the cDNA would be 

expected, 
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P l a t e 11 

A u t o r a d i o g r a p h o f c o m p e t i t i v e l y PCR-ampllfled PsMTf^ / PsMTg 

1 2 3 4 5 6 7 8 9 10 

875bp PsMT^ 
- DNA 

_ 405bp PsAfTe 

- 241 bp PsAfr« 
cDNA 

P u t a t i v e t r a n s g e n i c Arabldopsis PsMT^ PGR ( P l a n t 5) w i t h : 
1. 0.25pg PsMT^ 
2. 0.5pg PsMTis 
3. 2.5pg PsMT^ 
4. S.Opg PsMTi^ 

P u t a t i v e t r a n s g e n i c Arabidopsis PsMT^ PGR ( P l a n t 6) w i t h : 
5. 0.25pg Psm,, 
6. 0.5pg PsMTfs 
7. 2.5pg PsMTes 
8. 5.0pg PsMTi:, 

9. PGR n e g a t i v e c o n t r o l 
10. pXS2 PsMT^ PGR p o s i t i v e c o n t r o l 
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A n a l y s i s of the F I generation 

3.2.9 S i n g l e l e a f PsMT^ PGR 

DNA was e x t r a c t e d f r o m s i n g l e F l p u t a t i v e PsMT^^ leaves and s i n g l e 

c o n t r o l Arabidopsis leaves, f o l l o w i n g Methods 2.2.2.6. A 35 c y c l e PGR 

w i t h 45 seconds a t 94'='C d e n a t u r a t i o n , 45 seconds a t 55<='C a n n e a l i n g and 

2 minu t e s a t 72"C e x t e n s i o n w i t h a f i n a l 5 minute e x t e n s i o n i n the 

3 5 t h c y c l e , was c a r r i e d o u t on each sample w i t h p r i m e r s 270 and 271. A 

PGR p o s i t i v e c o n t r o l (pXS2) and n e g a t i v e c o n t r o l were a l s o s et up 

(Methods 2.2.4.5). 

20}xl o f each r e a c t i o n was r u n on a 1% agarose g e l , t o g e t h e r w i t h 

a X s i z e marker, and was then Southern b l o t t e d . The f i l t e r was 

h y b r i d i z e d o v e r n i g h t a t 65°C t o a PsMT^^ probe (as 3.2.1), then washed 

t o a s t r i n g e n c y ofO-1 x SSG a t 65"C f o r 30 minutes, b e f o r e being 

exposed t o X-ray f i l m (Methods 2.2.3.10/12/13). 

The r e s u l t s a r e shown i n P l a t e 12, a l o n g w i t h those of 3.2.10. 

Track 3 shows a s i n g l e l e a f PGR r e s u l t , where the expected 969bp PsMT^^ 

i s p r e s e n t , as w e l l as a 660bp band which a l s o h y b r i d i z e s t o the PsMT^ 

probe. T h i s c o u l d be t h e r e s u l t o f a rearrangement ( d e l e t i o n ) of the 

added gene. 
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P l a t e 12 

Autoradiograph of PCR-amplif led PsMTa DNA and cDNA 
from F l Generation P u t a t i v e Transgenic Arabldopsis 

1 2 3 4 5 6 

969bp PsMT^ 
enomic DNA 

660bp r e a r r a n g e d 
_ ̂ PsMT^ band 

- 335bp PsATT^ 
cDNA 

1. pXS2 PsMTf^ PGR p o s i t i v e c o n t r o l . 

2. PGR n e g a t i v e c o n t r o l . 

3. PsMT^y PGR o f p u t a t i v e t r a n s g e n i c Arabidopsis s i n g l e l e a f DNA. 

4-6. PsAfT;, PGR of p u t a t i v e t r a n s g e n i c Arabidopsis cDNA 
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3.2.10 D e t e c t i o n of PsMT^ mRNA expre s s i o n 

raRNA was e x t r a c t e d , f o l l o w i n g Methods 2.2.4.7, from p u t a t i v e 

t r a n s g e n i c F l l e a f t i s s u e . Using r e v e r s e t r a n s c r i p t a s e , cDNA was made 

f r o m each sample, 

l O f i l o f each cDNA s o l u t i o n was used i n a 50)il PGR u s i n g p r i m e r s 

270 and 271 and t h e 35 c y c l e PGR d e s c r i b e d i n R e s u l t s 3.2.6. P o s i t i v e 

and n e g a t i v e PGR c o n t r o l s were s e t up as us u a l . 20)jil o f each r e a c t i o n 

was r u n on a 1.5% agarose g e l t o g e t h e r w i t h a X s i z e marker. The g e l 

was Southern b l o t t e d and t h e f i l t e r probed w i t h t h e PsMT^^ probe as 

b e f o r e . A f t e r washing t o a s t r i n g e n c y of 0.1 x SSC f o r 30 minutes a t 

65°C, the f i l t e r was exposed o v e r n i g h t (Methods 2.2.3.10/12/13). 

The r e s u l t s a r e shown i n P l a t e 12. The 969bp band i s the PGR 

pr o d u c t o f c o n t a m i n a t i n g genomic DNA or unprocessed mRNA and 

corre s p o n d s t o PsMT,ct complete w i t h i t s i n t r o n . The 335bp corresponds 

t o PsMTio, w i t h no I n t r o n and i s t h e r e f o r e t h e p r o d u c t o f t h e mRNA/cDNA 

PGR. The i n t e r m e d i a t e band (660bp) c o u l d be e x p l a i n e d by the presence 

of s e v e r a l c o p i e s o f t h e c o d i n g sequence, one of which h a v i n g 

undergone a rearrangement or r e c o m b i n a t i o n . 
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3.2.11 Seed germination on z i n c - c o n t a i n i n g medium 

C o n t r o l Arabidopsis seeds were p l a n t e d onto medium supplemented 

w i t h c o n c e n t r a t i o n s o f ZnCl.;. of 0, lOfjiM, 100p.M, ImM, 5mM or lOmM 

(Methods 2.2.5.7). A f t e r 2 weeks growth, t h e s e e d l i n g s on t h e 10 and 

lOOfiM ZnCls appeared h e a l t h y and normal when compared t o s e e d l i n g s on 

c o n t r o l medium. S e e d l i n g s on ImM ZnCl;. were s l i g h t l y s t u n t e d when 

compared t o t h e o t h e r s but s t i l l appeared h e a l t h y . Both 5mM and lOmM 

ZnCl-> reduced g e r m i n a t i o n , r e s u l t i n g i n a few s t u n t e d s e e d l i n g s , w i t h 

s l i g h t l y more g r o w t h on 5raM t h a n lOmM ZnCl^, 

F l seeds f r o m a PsMT^-enpressing t r a n s g e n i c Arabidopsis were 

p l a n t e d o n t o ImM and 5mM ZnCl-, g e r m i n a t i o n medium. A f t e r 2 weeks, the 

g e r m i n a t i o n l e v e l s were v e r y low and t h e r e s u l t i n g s e e d l i n g s were 

s t u n t e d and t o t a l l y bleached. 

3.2.12 Seed germination on cadmium-containing medium 

C o n t r o l Arabidopsis seeds were p l a n t e d onto medium supplemented 

w i t h c o n c e n t r a t i o n s o f CdCl,> o f 0, 0. l|iM, IfJiM, 10|JiM, SOjiM, lOOjiM, 

SOOfiM or ImM (Methods 2.2.5.7). A f t e r 2 weeks, the s e e d l i n g s on 

Cadmium c o n c e n t r a t i o n s l e s s than 500)iM were a l l gr o w i n g w e l l and 

appeared h e a l t h y . S e e d l i n g s on 500(j.M CdCl^, were s l i g h t l y s m a l l e r but 

s t i l l appeared h e a l t h y when compared t o t h e ImM CdCl s e e d l i n g s . 

A l t h o u g h these seeds ge r m i n a t e d , t h e s e e d l i n g s were s t u n t e d and 

u n h e a l t h y . 

F l seeds f r o m a FsWT^,-expresslng t r a n s g e n i c Arabidopsis were 

p l a n t e d o n t o 500>iM CdCl;; g e r m i n a t i o n medium. A f t e r 2 weeks, the 

g e r m i n a t i o n l e v e l s were low and t h e r e s u l t i n g s e e d l i n g s looked much 

l e s s h e a l t h y than t h e comparable c o n t r o l p l a n t s . 
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3.2.13 Seed germination on copper-containing medium 

G o n t r o l Arabidopsis seeds were p l a n t e d onto medium supplemented 

w i t h c o n c e n t r a t i o n s of GuSO^ o f 0, 25nM, 50fiM, 75^M, lOOjiM, 125nM and 

150jiM (Methods 2.2.5.7). A f t e r 2 weeks, t h e g r a d a t i o n i n s e e d l i n g s i z e 

was ob v i o u s , w i t h t h e 25\xM s e e d l i n g s o n l y s l i g h t l y s m a l l e r than the 

c o n t r o l s and t h e 150pM s e e d l i n g s e x t r e m e l y s t u n t e d , not h a v i n g 

p r o g r e s s e d v e r y f a r f r o m t h e i n i t i a l g e r m i n a t i o n . 

F l seeds f r o m PsM;.:,-expresslng t r a n s g e n i c and c o n t r o l Arabldopsis 

were p l a n t e d o n t o lOO^M CuSO^ and c o n t r o l g e r m i n a t i o n medium. A f t e r 3 

weeks, a l t h o u g h t h e g e r m i n a t i o n l e v e l s were low, very l i t t l e 

d i f f e r e n c e c o u l d be d e t e c t e d i n t h e s i z e o f the c o n t r o l and p u t a t i v e 

t r a n s g e n i c s e e d l i n g s on I00\x CuSO^, a l t h o u g h the p u t a t i v e t r a n s g e n i c s 

t h a t were p l a n t e d o n t o c o n t r o l medium looked l e s s h e a l t h y ( b e i n g 

g e n e r a l l y s m a l l e r and more c h l o r o t l c ) than t h e c o n t r o l s e e d l i n g s . 
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3.2.14 M e t a l a n a l y s i s o f Arabldopsis 

C o n t r o l and p u t a t i v e t r a n s g e n i c Arabidopsis were grown as 

d e s c r i b e d i n Methods 2.2.5.7. The seeds used were f r o m 4 d i f f e r e n t 

t r a n s g e n i c p a r e n t s <F,D,G and C) a l l o f which had shown PsMT^ mRNA 

e x p r e s s i o n . M e t a l was e x t r a c t e d (Methods 2.2.9) and t h e copper, i r o n 

and z i n c c o n t e n t were d e t e r m i n e d u s i n g Atomic A b s o r p t i o n 

S p e c t r o p h o t o m e t r y . 

F i g u r e s 6a-g show t h e copper c o n t e n t s o f c o n t r o l and F l s e l f e d 

progeny of t r a n s g e n i c PsMT^ Arabidopsis grown on c o n t r o l and copper-

supplemented media. The c o n t r o l s e e d l i n g s ( F i g u r e s 6a and 6c) showed 

v e r y l i t t l e v a r i a t i o n i n t h e i r copper c o n t e n t , a l t h o u g h , as expected, 

t h e c o n t r o l p l a n t s on t h e copper-supplemented medium accumulated more 

copper than those on t h e unsupplemented medium. As PsMT^ s e g r e g a t i o n 

was expected w i t h i n the p u t a t i v e t r a n s g e n i c seed p o p u l a t i o n s , a 

v a r i a t i o n I n t h e copper a c c u m u l a t i o n was a l s o expected. The p u t a t i v e 

t r a n s g e n i c (F) s e e d l i n g s p l a n t e d o n t o non-supplemented medium ( F i g u r e 

6b) showed t h e same lower b a s a l l e v e l o f copper a c c u m u l a t i o n as the 

c o r r e s p o n d i n g c o n t r o l s , however, 15 ou t o f 20 s e e d l i n g s show a h i g h e r 

l e v e l of a c c u m u l a t i o n , p o s s i b l y due t o a h i g h c o n c e n t r a t i o n of the 

m e t a l - b i n d i n g FsMT^ p r o d u c t , w i t h 3 o f these a c c u m u l a t i n g 6-8 times 

more copper t h a n t h e c o n t r o l s . The p u t a t i v e t r a n s g e n i c s e e d l i n g s 

p l a n t e d on copper-supplemented medium show a s i m i l a r type of v a r i a t i o n 

o f copper a c c u m u l a t i o n ( F i g u r e s 6d-g). The G and F p o p u l a t i o n s show 

o n l y 1 o u t o f 24 and 4 out o f 24 s e e d l i n g s t h a t e x h i b i t a copper 

c o n c e n t r a t i o n h i g h e r than t h e c o n t r o l s , however, t h e D and G 

p o p u l a t i o n s c o n t a i n s e v e r a l more h i g h a c c u m u l a t o r s (14 out of 33 and 9 

o u t o f 10 s e e d l i n g s ) , s u g g e s t i n g t h a t t h e PsMT^ p r o d u c t does In f a c t 

accumulate h i g h c o n c e n t r a t i o n s o f copper and t h a t the v a r i a t i o n shown 
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i s t h e r e s u l t o f normal s e g r e g a t i o n and v a r i a t i o n w i t h i n t he seed 

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

One p o s s i b l e e x p l a n a t i o n f o r the v a r i a t i o n i n copper 

c o n c e n t r a t i o n c o u l d be t h a t i t was t h e r e s u l t o f a v a r i a t i o n i n 

e f f i c i e n c y o f t h e metal e x t r a c t i o n t e c h n i q u e . I f t h i s was t r u e , t he 

i r o n and z i n c c o n c e n t r a t i o n s of the s e e d l i n g s would p o s i t i v e l y 

c o r r e l a t e w i t h t h e copper c o n c e n t r a t i o n . F i g u r e s 7a-g show the change 

i n i r o n and z i n c c o n c e n t r a t i o n s w i t h t h e i n c r e a s i n g copper 

c o n c e n t r a t i o n o f c o n t r o l and p u t a t i v e t r a n s g e n i c PsMT^ Arabidopsis on 

c o n t r o l and copper supplemented media. As can be seen f r o m the data 

t h e r e i s no c o r r e l a t i o n between t h e i r o n or z i n c c o n c e n t r a t i o n s and 

t h e copper c o n c e n t r a t i o n , t h u s s u g g e s t i n g t h a t t h e v a r i a t i o n i n copper 

c o n c e n t r a t i o n s was n o t t h e r e s u l t o f t h e m e t a l - e x t r a c t i o n technique. 

F u r t h e r m o r e , i f i t was due t o v a r i a t i o n i n e x t r a c t i o n , t h e non-

t r a n s g e n i c s would be a n t i c i p a t e d t o show the same d i s t r i b u t i o n of 

a c c u m u l a t i o n as t h e t r a n s g e n i c s e e d l i n g s . One f u r t h e r i n t e r e s t i n g f a c t 

a r i s e s f r o m t h i s d a t a ; t h e c o n t r o l and p u t a t i v e t r a n s g e n i c s e e d l i n g s 

p l a n t e d on t h e unsupplemented medium accumulate more i r o n and z i n c 

t h a n t h e s e e d l i n g s p l a n t e d on copper—supplemented medium. The 

d i f f e r e n c e i s s t a t i s t i c a l l y s i g n i f i c a n t when analysed w i t h the t t e s t . 

T h i s perhaps s u g g e s t s t h a t t h e r e i s some antagonism between the uptake 

or s t o r a g e o f copper, and i r o n and z i n c . 

F i g u r e s 8 a - f show the v a r i a t i o n i n c o n c e n t r a t i o n s o f i r o n and 

z i n c o f c o n t r o l and p u t a t i v e t r a n s g e n i c PsMT^ Arabidopsis, compared t o 

those o f copper. The i r o n and z i n c c o n c e n t r a t i o n s b o t h show a s i m i l a r 

p a t t e r n o f d i s t r i b u t i o n t o the copper, however i n both cases, t h e 

d i f f e r e n c e between t h e c o n t r o l s and p u t a t i v e t r a n s g e n i c s e e d l i n g s i s 

n e g l i g i b l e when compared t o t h e d i f f e r e n c e between the copper 

s e e d l I n g s . 

-123-



S S 3 S 

c 
9 

o 
O 

05 <D CD Q. 
5' 
(Q CO 
O 
D 
O 

o o "o 2 "CJ S 
CD § 
CO c 
•D 
•D 
CD 
3 
CD 

O 
0) 

a. 

o 

o' 
CO 

-124-



S -n CO 

•125-



F i g u r e 8 

Comparison of Copper, Zinc and Iron Contents 

of Control and P u t a t i v e Transgenic Seedlings 

(non-Copper Supplemented Growth) 

Figure 8a: Copper 
nmolMCoppsry mg pJaTttMM 

Figure 8b: Copper 

Control Seedings 
miliiiiifiiiiiiiiiiiiiiii 

Putative Transgetiic Seedf ngs (F) 

Rgure 8c: Zinc Figure 8d: Zinc 
nmdMZnc /mgt iMu* 

n mol«« zmc / mq o n u * 

CofitroJ Swedings Putatiw Transgenic Seetiirgs (F) 

Figure 8e: Iron Figure 8f: Iron 

Control Seedings Putative Transgenic Seedings (F) 

The maximum metal I o n c o n t e n t o f t h e c o n t r o l s e e d l i n g s I s 
I n d i c a t e d a c r o s s t h e c o r r e s p o n d i n g p u t a t i v e t r a n s g e n i c v a l u e s , c l e a r l y 
showing t h e s e e d l i n g s exceeding t h e c o n t r o l v a l u e and by how much they 
exceed I t . By a d j u s t i n g t h e s c a l e s t o be p r o p o r t i o n a l l y equal, the 
d i f f e r e n c e w i t h i n t h e v a l u e s o f copper c o n t e n t I s much g r e a t e r than 
w i t h i n t h e z i n c or I r o n v a l u e s i n the t r a n s g e n i c s e e d l i n g s . 
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3.3 Transformation of Arabidopsis with the Antirr/ji/iiun Transposable 

Element TanQ 

3.3.1 Cloning TanB i n t o the pJIT73 vector 

The Tam3 element was o b t a i n e d as a 3.7kb Kpnl fragment, 

c o n t a i n i n g t h e element w i t h 150bp f l a n k i n g sequences, c l o n e d i n t o 

pUC18. The p l a s m i d was t r a n s f o r m e d i n t o E.coli DH5a competent c e l l s 

(Methods 2.2.1.3). 6 s i n g l e c o l o n i e s were I s o l a t e d and grown 

o v e r n i g h t . The DNA was ralnipreped (Methods 2.2.2.1) and then 

r e s t r i c t e d w i t h Kpnl, When r u n on a 0.6% agarose g e l , a l o n g w i t h a \ 

s i z e marker, a l l 6 t r a c k s c o n f i r m e d t h e presence o f t h e 3.7kb Tam3 

f ragment. 

Shotgun c l o n i n g was a t t e m p t e d i n o r d e r t o r e p l a c e the Kpnl 

Hygromycin fragment o f pJIT73 w i t h t h e Kpnl TanQ fragment (Methods 

2.2.4.4), see F i g u r e s 9 and 1. A 1:1 molar r a t i o of pJIT73 : TaniS DNA 

were mixed t o g e t h e r and r e s t r i c t e d w i t h ASP718 (which r e c o g n i z e s the 

same s i t e s as Kpnl b u t produces a 5 bp overhang r a t h e r than a 3 bp 

overh a n g ) . H a l f o f t h e r e s t r i c t i o n m i x t u r e was r u n on a 0.6% m i n i g e l , 

w i t h a X s i z e marker, t o d e t e r m i n e the e f f i c i e n c y o f the r e s t r i c t i o n , 

t h e remainder was p h e n o l / c h l o r o f o r m e x t r a c t e d and e t h a n o l 

p r e c i p i t a t e d . The p e l l e t was resuspended and l i g a t e d i n a c o n c e n t r a t e d 

l i g a t i o n . The l i g a t i o n was then t r a n s f o r m e d i n t o E.coli Dti5a competent 

c e l l s which were p l a t e d o u t o n t o YT p l a t e s w i t h a m p i c i l l i n / kanamycln 

s e l e c t i o n (Methods 2.2.1.3). C o l o n i e s t h a t had grown o v e r n i g h t were 

p i c k e d o f f o n t o 2 r e p l i c a n i t r o c e l l u l o s e f i l t e r s f o r a c o l o n y screen 

(Methods 2.2.3.11). 
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Ikbp 

F i g u r e 9 

pTanB T-DNA 

R i g h t Border 

nos-neo 

GaMV t e r m i n a t o r 

GUS 

GaMV 35S Promoter 

Tam3 

L e f t Border 

S t r u c t u r e o f t h e pTanB c o n s t r u c t , c o n t a i n i n g t he nos-neo 

kanamycln r e s i s t a n c e gene and t h e GUS marker gene ( w i t h t h e 35S GaMV 

p r o m o t e r ) , as w e l l as t h e TarrH t r a n s p o s a b l e element. D e t a i l s of the 

c o n s t r u c t i o n a r e i n R e s u l t s 3.3.1. 
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A probe was made by n i c k t r a n s l a t i o n of the ASP7iQ TanB fragment 

t o a s p e c i f i c a c t i v i t y o f 9.2 x 10® cpm^g"' and h y b r i d i z e d t o one o f 

th e f i l t e r s , A f t e r washing t o a s t r i n g e n c y of 0.1 x SSC f o r 10 minutes 

a t 65'=C, t h e f i l t e r was exposed (Methods 2.2.3,12/13). 2 c o l o n i e s 

showed up as p o s i t i v e s , one o f which was s e l e c t e d and a g l y c e r o l 

p r e p a r e d ready f o r t h e t r i p a r e n t a l mating. 

3.3.2 Production of the Agrobacterium tumefaciens TanB s t r a i n 

The E,<^oli pTam3 a n t i b i o t i c r e s i s t a n c e phenotype was c o n f i r m e d by 

I t s g r o w t h on SOpgml""'' kanamycin and f a i l u r e t o grow on lOOfigml"'^ 

s p e c t i n o m y c i n and 80pgml""' n a l i d i x i c a c i d . 

A f t e r t h e t r i p a r e n t a l m a t i n g (Methods 2.2.1.5), 9 c o l o n i e s were 

p i c k e d o f f t h e s e l e c t i o n p l a t e s and grown up o v e r n i g h t f o r m i n i p r e p i n g 

(Methods 2.2,2,3). The DNA was e x t r a c t e d and r e s t r i c t e d w i t h ;4SF718. 

The r e s t r i c t i o n was r u n down a 0.8% agarose g e l t o g e t h e r w i t h ASF71Q-

r e s t r l c t e d A, tumefaciens r e c i p i e n t DNA as a n e g a t i v e c o n t r o l , ASP71Q 

r e s t r i c t e d E.ooli pTanB DNA as a p o s i t i v e c o n t r o l and a k s i z e marker. 

The g e l was Southern b l o t t e d and the f i l t e r probed w i t h t h e TanQ probe 

f r o m R e s u l t s 3,3.1, The f i l t e r was washed t o a s t r i n g e n c y of 0.1 x SSC 

f o r 10 m i n u t e s a t 65°C and exposed o v e r n i g h t (Methods 2,2.3.10/12/13). 

The r e s u l t s a r e shown I n P l a t e 13. The t r a c k 7 s t r a i n was s e l e c t e d f o r 

t h e C58/3 pTanQ s t r a i n , as t h e expected 3.7kb band i s prese n t , 

s t r o n g l y h y b r i d i z i n g t o t h e TanB probe. 
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P l a t e 13 

A u t o r a d i o g r a p h o f C58/3 pTani5 T r i p a r e n t a l M a t i n g 

I 2 3 4 5 6 7 8 9 10 II 

3.7kb Tam3 
f ragment 

1. E.coli pTanB ASF718 r e s t r i c t e d p o s i t i v e c o n t r o l 

2. C58/3 ASF71& r e s t r i c t e d n e g a t i v e c o n t r o l 

3-11. P u t a t i v e C58/3 pTanQ ASF71Q r e s t r i c t e d samples 
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3.3.3 C58/3 pTanQ transformation of Arabidopsis thaliana 

Root e x p l a n t s o f Arabidopsis were t r a n s f o r m e d (Methods 2.2.5.5) 

w i t h a c e t o s y r i n g o n e - i n d u c e d A. tumefaciens C58/3 pTanB. Shoots which 

came t h r o u g h t h e 50mg/1 kanamycin s e l e c t i o n (see P l a t e s 2a-d) were 

e x c i s e d and p l a n t e d i n t o no s e l e c t i o n g e r m i n a t i o n medium (GM). Tissue 

samples and seeds were c o l l e c t e d when a p p r o p r i a t e . 

A n a l y s i s of p u t a t i v e transformants 

3.3.4 S i n g l e l e a f GUS PGR a n a l y s i s 

The presence o f t h e GUS gene was c o n f i r m e d u s i n g the PGR 

t e c h n i q u e w i t h DNA e x t r a c t e d from s i n g l e p u t a t i v e t r a n s g e n i c 

Arabidopsis l e a v e s as d e s c r i b e d i n R e s u l t s 3,1,6. The r e s u l t s a r e 

shown i n P l a t e 14. The GUS probe h y b r i d i z e s t o the 1808bp band which 

c o r r e s p o n d s t o t h e band expected f r o m t h e GUS p r i m e r s 216 and 217. 

3.3.5 Hlstochemical GUS assay 

T i s s u e samples were e x c i s e d f r o m p u t a t i v e t r a n s g e n i c Arabidopsis 

and c o n t r o l Arabidopsis and i n c u b a t e d a t 37'='C i n an X-Gluc s o l u t i o n 

(Methods 2,2,6), T r a n s g e n i c t i s s u e was s t r o n g l y e x p r e s s i n g , p r o d u c i n g 

a b l u e c o l o u r a t i o n w i t h i n a c o u p l e o f hours, when compared t o the 

green c o n t r o l s . The t i s s u e was f i x e d , d ehydrated and embedded i n wax 

(Methods 2,2,7), The t i s s u e was then s e c t i o n e d and photographed (see 

P l a t e s 15a and b ) . The b l u e c o l o u r a t i o n was n o n - t i s s u e s p e c i f i c as 

seen i n 3.1,7, b e i n g under t h e c o n t r o l o f the 35S CaMV promoter, 
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P l a t e 14 

Autoradiograph of PCR-amplifled GUS from P u t a t i v e Transgenic 

Arabidopsis/p TanQ 

I 2 

1808bp GUS 
fragment 

1. pJIT73 GUS PGR p o s i t i v e c o n t r o l 

2. PGR n e g a t i v e c o n t r o l 

3. GUS PGR of p u t a t i v e t r a n s g e n i c Arabidopsis pTam3 
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P l a t e 15 (a and b) 
Stem S e c t i o n s of Transgenic Arabidopsis / pTanB 

Hlstochemlcal GUS Assay 

15a : Stem s e c t i o n o f GUS h i s t o c h e m l c a l l y s t a i n e d t r a n s g e n i c 
Arabidopsis / pTanB, showing a s t r o n g b l u e c o l o u r a t i o n 
t h r o u g h o u t t h e s e c t i o n (except i n some o f the more h i g h l y 
r e f r a c t i v e xylem c e l l s CXJ), which i n d i c a t e s a h i g h l e v e l of 
n o n - t i s s u e - s p e c i f i c 35S CaMV-GUS e x p r e s s i o n . 

1 

15b ; S e c t i o n o f a c o n t r o l Arabidopsis stem a f t e r GUS h i s t o c h e m i c a l 
s t a i n i n g showing t h e lac k of b l u e c o l o u r a t i o n , and t h e r e f o r e the 
lack of GUS e x p r e s s i o n , when compared t o P l a t e 15a. 
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3.3.6 Immuno-gold antl-GUS l a b e l l i n g 

S e c t i o n s o f stem t i s s u e were t r e a t e d as above, then incubated 

w i t h anti-GUS a n t i b o d y , immuno-gold l a b e l l e d and s i l v e r enhanced 

(Methods 2.2.8), A f t e r mounting i n D.P.X. mountant, the s e c t i o n s were 

photographed under e p i - p o l a r i z e d l i g h t (see P l a t e 16). The s i l v e r 

p a r t i c l e s e nhancing t h e immuno-gold assay were p r e s e n t i n a n o n - t i s s u e 

s p e c i f i c p a t t e r n , as i n 3.L.8. 

3.3.7 D e s c r i p t i o n of transformants and progeny 

F l p u t a t i v e t r a n s g e n i c seeds were s t e r i l i z e d and p l a n t e d onto 

g e r m i n a t i o n medium (Methods 2.2.5.2) w i t h added 50mg/l kanamycin 

s e l e c t i o n . A f t e r 3 t o 4 weeks, t h e s e e d l i n g s which had s u r v i v e d 

t h r o u g h t h e s e l e c t i o n were t r a n s f e r r e d t o s o l i and grown on t o 

m a t u r i t y . The p l a n t s were examined a t a l l sta g e s f o r any v i s i b l e 

m u t a t i o n t h a t c o u l d i n d i c a t e a t r a n s p o s i t i o n event. Of t h e 43 p l a n t s 

examined, no p h e n o t y p l c m u t a t i o n s were obvious. T h i s c o u l d I n d i c a t e a 

l a c k o f t r a n s p o s i t i o n e v e n t s w i t h i n t h e p l a n t s or a l t e r n a t i v e l y 

t r a n s p o s i t i o n c o u l d have o c c u r r e d but TanB was not b l o c k i n g t he 

e x p r e s s i o n o f a gene t h a t would r e s u l t i n a p h e n o t y p i c change. 

3.3.8 TanB genomic blot 

DNA was e x t r a c t e d f r o m F l p u t a t i v e t r a n s g e n i c Arabidopsis t i s s u e 

and c o n t r o l Arabidopsis t i s s u e , f o l l o w i n g Methods 2.2.2.4. The DNA was 

r e s t r i c t e d w i t h ASF71Q and was r u n , t o g e t h e r w i t h t h e 3.7kb TairB 
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P l a t e 16 
Stem S e c t i o n of Transgenic Arabidopsis / pTaiifl 

Immunogold GUS Assay 

Stem s e c t i o n of t r a n s g e n i c Arabidopsis / pTanB a f t e r immunogold a n t i -
GUS l a b e l l i n g and s i l v e r e n h a n c i n g , showing t h e a c c u m u l a t i o n of s i l v e r 
p a r t i c l e s o v e r t h e e n t i r e s e c t i o n . T h i s c o r r e l a t e s t o t h e GUS 
e x p r e s s i o n p a t t e r n shown i n P l a t e 15a of n o n - t I s s u e - s p e c i f I c 
e x p r e s s i o n w h i c h i s t h e e x p e c t e d e x p r e s s i o n p a t t e r n of t h e 35S CaMV 
promoter. 
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fragment as a p o s i t i v e c o n t r o l , on a 0.8% agarose g e l t o g e t h e r w i t h a 

\ s i z e marker. The g e l was Southern b l o t t e d (Methods 2,2,3,10) and the 

f i l t e r was vacuum d r i e d . 

The ASP718 TanB fragment p r e v i o u s l y c loned i n t o pUC18 was '̂'̂P 

l a b e l l e d by n i c k t r a n s l a t i o n (Methods 2,2,3,13) t o a s p e c i f i c a c t i v i t y 

o f 4,3 x 10"' cpmjig-'. The probe was h y b r i d i z e d t o the f i l t e r ( a f t e r 

p r e h y b r i d i z a t l o n ) o v e r n i g h t , a t 65'='C, A f t e r washing t o a s t r i n g e n c y of 

1 X SSC f o r 30 m i n u t e s a t 65=̂ 'C, the f i l t e r was exposed f o r 10 days t o 

X-ray f i l m (Methods 2,2,3,10/12), 

The r e s u l t s a r e shown i n P l a t e 17, The t r a n s g e n i c l i n e s a r e 

c l e a r l y h y b r i d i z i n g t o t h e TanB probe, showing a 3,7kb band. I f the 

TanB element had t r a n s p o s e d , t h e 3.7kb band would no longer be p r e s e n t 

u n l e s s more than one copy o f t h e TanB-T-DHK was p r e s e n t i n i t i a l l y . 

T h e o r e t i c a l l y , i f t r a n s p o s i t i o n had o c c u r r e d , t h e probe would 

h y b r i d i z e t o t h e TanB element elsewhere i n the genome, presumably a 

l a r g e r ASFJIQ band, but i t would a l s o h y b r i d i z e t o t h e 150bp f l a n k i n g 

r e g i o n s r e m a i n i n g f r o m the o r i g i n a l 3,7kb ASP71Q fragment ( t h e empty 

donor s i t e ) . Due t o t h e s m a l l s i z e o f t h e r e s i d u a l f l a n k i n g sequences, 

i t i s p o s s i b l e t h a t t h e h y b r i d i z e d band would f a i l t o be d e t e c t e d . The 

l a r g e r h y b r i d i z i n g bands seen i n t r a c k s 7, 8 and 9 are most l i k e l y t o 

be t h e r e s u l t o f p a r t i a l l y r e s t r i c t e d genomic DNA r a t h e r than a 

t r a n s p o s i t i o n . 

I n o r d e r t o d e t e r m i n e whether or n o t a t r a n s p o s i t i o n event had 

o c c u r r e d , f u r t h e r r e s t r i c t i o n a n a l y s i s would need t o be undertaken. By 

u s i n g an enzyme t h a t would r e s t r i c t w i t h i n TanB, t r a n s p o s i t i o n would 

r e s u l t i n a d i f f e r e n t p a t t e r n o f bands t h a t would h y b r i d i z e t o a TanB 

probe or t o a probe s p e c i f i c t o t h e empty donor s i t e . 
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P l a t e 17 

Autoradiograph of TanB Genomic B l o t of y4SP718-restrlcted 
P u t a t i v e Transgenic Arabidopsis/pTanQ 

2 3 4 5 6 7 8 9 10 

3.7kb TairQ 
fragment. 

1 , ASFIIQ Tana fragment ( p o s i t i v e c o n t r o l ) . 

2-3. i 4 S F 7 1 8 - r e s t r i c t e d c o n t r o l Arabidopsis DNA. 

4 - 1 0 . / ? S F 7 1 8 - r e s t r i c t e d p u t a t i v e t r a n s g e n i c Arabidopsis/pTanQ DNA. 
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3.4 Transformation of Arabidopsis with a ProiMjter-GUS Fusion 

c o n t a i n i n g the Promoter from the Rape E x t e n s l n Gene extA 

3.4.1 pAS44/45 

pAS44 and pAS45 were c o n s t r u c t e d and donated by Dr A . S h i r s a t 

( U n i v e r s i t y o f Bangor), pAS44 i s a pBIN19 based v e c t o r c o n t a i n i n g a 

exth l,Okb promoter-GUS c o d i n g sequence t r a n s l a t i o n a l f u s i o n . Three 

i n - f r a m e ATG i n i t i a t o r codons were p r e s e n t , which would r e s u l t i n an 

11, 7 or 0 amino a c i d N - t e r m i n a l e x t e n s i o n t o the GUS enzyme ( h a v i n g 

o n l y a minimal e f f e c t on i t s a c t i v i t y ) , A neomycin p h o s p h o t r a n s f e r a s e 

I I gene i s a l s o c o n t a i n e d w i t h i n the T-DNA r i g h t and l e f t b o r d e r s (see 

F i g u r e 10), pAS45 i s i d e n t i c a l except t h a t t h e extA promoter i s i n 

r e v e r s e o r i e n t a t i o n , t h e r e f o r e a c t i n g as a n e g a t i v e c o n t r o l by i t s 

f a i l u r e t o promote GUS e x p r e s s i o n ( S h i r s a t et a i , , 1991), 

R e p o r t e r gene f u s i o n systems were developed t o s i m p l i f y the 

a n a l y s i s o f gene a c t i v i t y by f u s i n g s p e c i f i c promoter sequences t o 

r e a d i l y a s s a y a b l e r e p o r t e r genes. The e a s i e s t t o q u a n t i f y and most 

s e n s i t i v e r e p o r t e r gene system developed so f a r uses the p-

g l u c u r o n i d a s e (GUS) gene ( J e f f e r s o n , 1987; J e f f e r s o n et al. , 1987), 

measurable q u a n t i t i v e l y by f l u o r i m e t r y and q u a l i t i v e l y by 

h i s t o c h e m i s t r y . Even though t h e enzyme ( i s o l a t e d from E.coli) i s 

absent i n most d i c o t y l e d o n o u s p l a n t s t e s t e d t o date. I t has no obvious 

i l l e f f e c t s when h i g h l y expressed i n t r a n s f o r m e d p l a n t s . E xpression 

can be l o c a l i z e d t o a s i n g l e c e l l u s i n g t h e h i s t o c h e m i c a l assay w i t h 

t h e X-Gluc s u b s t r a t e . 
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F i g u r e 10 

pAS44 

Ikb 

V 
R i g h t border 

nos promoter 

nptll 

nos t e r m i n a t o r 

exth Promoter 

GUS 

nos t e r m i n a t o r 

L e f t border 

pAS45 

5' 

3" 

S t r u c t u r e o f the pAS44 and pAS45 T-DNA c o n s t r u c t s , c o n t a i n i n g t h e 

nptW kanamycin r e s i s t a n c e gene under t h e c o n t r o l o f t h e n o p a l i n e 

s y n t h a s e promoter inos) and t h e GUS marker gene under t h e c o n t r o l of 

e i t h e r t h e p o s i t i v e (44) o r i e n t a t i o n o r n e g a t i v e (45) o r i e n t a t i o n of 

t h e exih promoter. D e t a i l s of t h e c o n s t r u c t i o n are i n R e s u l t s 3,4,1. 
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3.4.2 P r o d u c t i o n o f Agrobacterlum tumefaciens phS4ri/A5 s t r a i n s 

E.coli pAS44/45 a n t i b i o t i c r e s i s t a n c e phenotypes were c o n f i r m e d 

by t h e i r g r o w t h on 50figml kanamycin and f a i l u r e t o grow on lOOjjigml""'' 

s p e c t l n o m y c i n and SO^gml"' n a l i d i x i c a c i d , 

A f t e r t h e t r i p a r e n t a l m a t i n g (Methods 2,2.1.5), 10 s i n g l e 

c o l o n i e s were p i c k e d o f f t h e s e l e c t i o n p l a t e s and grown up o v e r n i g h t 

f o r m l n i p r e p i n g . The DNA was e x t r a c t e d (Methods 2.2.2.3) and 

r e s t r i c t e d w i t h Bantil and EcoRl. The r e s t r i c t i o n was then r u n on a 

0.8% agarose g e l t o g e t h e r w i t h BamHl/EcoRl Agrobacterivm timefaciens 

r e c i p i e n t DNA as a n e g a t i v e c o n t r o l , Ban^l/EcoRl r e s t r i c t e d E.coli 

pAS44 DNA as a p o s i t i v e c o n t r o l and a X s i z e marker. 

A f t e r Southern b l o t t i n g , t h e f i l t e r s were probed w i t h a 4.5 x 10^ 

cpmp.g"' GUS probe made f r o m n i c k t r a n s l a t i n g t h e 4kb Hindlll GUS 

fragment o f pJIT73, The f i l t e r s were washed t o a s t r i n g e n c y of 2 x 0, 1 

SSG f o r 15 m i n u t e s a t 65*='C and exposed o v e r n i g h t (Methods 

2.2,3.10/12/13). 

The r e s u l t s a r e shown i n P l a t e 18, Track 7 was s e l e c t e d f o r the 

C58/3 pAS44 s t r a i n and t r a c k 8 was s e l e c t e d f o r t h e C58/3 pAS45 

s t r a i n , b o t h showing t h e expected 3, I k b SajnHl / EccRl exth I GUS band 

h y b r i d i z i n g t o t h e GUS probe. 
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P l a t e 18 

Autoradiograph of C58/3 pAS44/45 T r i p a r e n t a l Mating 

1 2 3 4 5 6 7 8 9 10 11 

3. I k b 
extA GUS 
fragment 

1. E.coli pAS44 BaiiiM/EcdUl r e s t r i c t e d p o s i t i v e c o n t r o l 

2. C58/3 BajnHl/EcoRl r e s t r i c t e d n e g a t i v e c o n t r o l 

3-7, P u t a t i v e C58/3 pAS44 Bani{\/EcoR\ r e s t r i c t e d samples 

8-12, P u t a t i v e C58/3 pAS45 BaniM/EcdRl r e s t r i c t e d samples 
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3.4.3 C58/3 pAS44/45 transformation of Arabidopsis thaliana 

Arabidopsis r o o t e x p l a n t s were t r a n s f o r m e d (Methods 2,2,5,5) 

u s i n g a c e t o s y r i n g o n e - i n d u c e d . A. tumefaciens 058/3 pAS44/45 (Methods 

2,2,5,4), Shoots which came t h r o u g h t h e 50mg/l kanamycin s e l e c t i o n 

were e x c i s e d and p l a n t e d i n t o no s e l e c t i o n g e r m i n a t i o n medium. Once 

r o o t e d , t h e s h o o t s were t r a n s p l a n t e d i n t o s o i l and t h e seeds saved. 

A n a l y s i s of p u t a t i v e transformants 

3.4.4 DNA a n a l y s i s 

The presence o f the GUS gene i n p u t a t i v e t r a n s g e n i c t i s s u e was 

c o n f i r m e d u s i n g t h e GUS PGR t e c h n i q u e ( R e s u l t s 3,1.6) on DNA e x t r a c t e d 

f r o m s i n g l e p u t a t i v e t r a n s g e n i c leaves and s i n g l e c o n t r o l Arabidopsis 

l e a v e s , f o l l o w i n g Methods 2,2,2,6. The f i l t e r was h y b r i d i z e d t o a GUS 

probe as i n 3.4.2. 

The r e s u l t s a r e shown i n P l a t e 19. The GUS p r i m e r s were expected 

t o produce a 1808bp p r o d u c t , a band o f t h i s s i z e can be seen i n the 

t r a n s g e n i c s t r a i n s but n o t i n t h e c o n t r o l . T h i s 1808bp band h y b r i d i z e s 

t o t h e GUS probe. 
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P l a t e 19 

Autoradiograph of PCR-amplif led GUS from 
P u t a t i v e Transgenic Arabidopsis pAS44/45 

4 5 

1808bp GUS 
f ragment 

1. pJIT73 GUS PGR p o s i t i v e c o n t r o l 

2. PGR n e g a t i v e c o n t r o l 

3. GUS PGR o f p u t a t i v e t r a n s g e n i c Arabidopsis pAS44 

4-5. GUS PGR o f p u t a t i v e t r a n s g e n i c Arabidopsis pAS45 
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3.4.5 Histochemical GUS exp r e s s i o n 

T i s s u e samples f r o m t h e p u t a t i v e t r a n s f o r m a n t s and c o n t r o l p l a n t s 

were e x c i s e d and i n c u b a t e d I n X-Gluc (Methods 2.2.6), The samples were 

embedded i n wax and s e c t i o n e d (Methods 2.2.7). Both the c o n t r o l stem 

samples and t h e pAS45 p u t a t i v e t r a n s g e n i c stem samples showed no b l u e 

c o l o u r a t i o n . S e c t i o n s of pAS44 t r a n s g e n i c stem t i s s u e showed d i s c r e t e 

b l u e s t a i n i n g i n t h e phloem and around the e p i d e r m i s which was 

u n f o r t u n a t e l y t o o f a i n t t o photograph ( b l u e b e i n g a c o l o u r 

p a r t i c u l a r l y d i f f i c u l t t o d i s t i n g u i s h when u s i n g t h e microscope), see 

P l a t e 20a, No b l u e c o l o u r a t i o n c o u l d be seen i n t h e c o n t r o l or e i t h e r 

of t h e t r a n s g e n i c r o o t t i s s u e s , however t h e s e c t i o n s were v e r y poor, 

3.4.6 Immuno-gold antl-GUS l a b e l l i n g 

T i s s u e samples f r o m the p u t a t i v e t r a n s f o r m a n t s and c o n t r o l p l a n t s 

were e x c i s e d and i n c u b a t e d i n X-Gluc (Methods 2,2.6.2). The samples 

were embedded i n wax and s e c t i o n e d (Methods 2.2.7). The s e c t i o n s were 

t h e n antl-GUS immuno-gold l a b e l l e d and s i l v e r enhanced (Methods 

2,2.8), The s e c t i o n s were then photographed under e p i - p o l a r i z e d l i g h t 

(see P l a t e s 20b and c ) . The s i l v e r p a r t i c l e s t h a t enhance t h e immuno-

g o l d l a b e l can be seen i n t h e phloem and around t h e epidermal l a y e r of 

th e pAS44 t r a n s f o r m a n t s stem t i s s u e . No s i l v e r p a r t i c l e s c o u l d be seen 

on t h e pAS45 t r a n s f o r m a n t s e c t i o n s , as expected, or on the c o n t r o l 

s e c t i o n s . 

Due t o t h e p a r t i c u l a r l y s m a l l s i z e o f t h e t r a n s g e n i c r o o t s , i t 

proved e x t r e m e l y d i f f i c u l t t o process and t o c u t u s a b l e s e c t i o n s . 

Consequently, no c o n c l u s i v e data was o b t a i n e d t o c o n f i r m the presence 

o r absence o f r o o t extA / GUS e x p r e s s i o n . 
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P l a t e 20 (a and b) 
Stem S e c t i o n o f T r a n s g e n i c Arabidopsis / pAS44 

Immunogold GUS Assay 

20a : Stem s e c t i o n f r o m t r a n s g e n i c Arabidopsis / pAS44 under a normal 
l i g h t source, a f t e r h i s t o c h e m i c a l GUS s t a i n i n g , w i t h b l u e 
c o l o u r a t i o n t o o f a i n t t o photograph. Photographs of c o n t r o l 
Arabidopsis s e c t i o n s appeared i d e n t i c a l t o 20a (see P l a t e 4b). 

20b Stem s e c t i o n of t r a n s g e n i c Arabidopsis I pAS44 a f t e r immunogold 
anti-GUS l a b e l l i n g and s i l v e r enhancing, showing t h e 
a c c u m u l a t i o n o f s i l v e r p a r t i c l e s i n t h e epidermal l a y e r CE) and 
the phloem ( P), 
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P l a t e 20c 

20c : Stem s e c t i o n o f t r a n s g e n i c Arabidopsis I pAS44 a f t e r immunogold 
anti-GUS l a b e l l i n g and s i l v e r enhancing, under h i g h e r 
m a g n i f i c a t i o n than i n 20b, c o n f i r m i n g t h e s p e c i f i c phloem (P) 
e x p r e s s i o n , 
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4. 1 Summary o f r e s u l t s 

The i n i t i a l aim o f t h e p r o j e c t , t o e s t a b l i s h a workable 

Agrobacterium-mediated t r a n s f o r m a t i o n method f o r Arabidopsis thaliana, 

was achi e v e d . I t was used t o i n t r o d u c e t h r e e d i v e r s e c o n s t r u c t s , 

e n c o d i n g e i t h e r a gene, a p r o m o t e r - r e p o r t e r f u s i o n or a t r a n s p o s a b l e 

element, t o c o n f i r m t h a t t h e t r a n s f o r m a t i o n method c o u l d s u c c e s s f u l l y 

be used f o r t h e f u l l range of p o s s i b l e gene c o n s t r u c t s . 

The p u t a t i v e m e t a l l o t h i o n e i n gene, PsMT^, was i n t r o d u c e d i n t o 

Arabidopsis thaliana under t h e c o n t r o l o f t h e c o n s t i t u t i v e 35S CaMV 

promoter, i n o r d e r t o d e t e r m i n e i t s f u n c t i o n , T r a n s f o r m a n t s were shown 

t o c o n t a i n and express the PsMT^ gene u s i n g PGR, Metal a n a l y s i s 

r e v e a l e d t h a t F l t r a n s g e n i c s e e d l i n g s accumulated copper t o a h i g h e r 

c o n c e n t r a t i o n than c o n t r o l s e e d l i n g s t h u s s u g g e s t i n g t h a t the PsMTf^ 

gene encodes a c o p p e r - c h e l a t i n g p r o t e i n . 

The promoter f r o m t h e rape exth e x t e n s i n gene was fused t o a GUS 

r e p o r t e r gene and t r a n s f o r m e d s u c c e s s f u l l y i n t o Arabidopsis thaliana. 

Using stem s e c t i o n s w i t h an anti-GUS iramuno-gold assay, extA 

e x p r e s s i o n was l o c a l i z e d t o t h e phloem and t h e epidermal t i s s u e , 

s u g g e s t i n g a p r o b a b l e r o l e i n c e l l w a l l s t r e n g t h e n i n g . 

The t r a n s p o s a b l G element TanQ ( w i t h t he GUS marker gene) was 

I n t r o d u c e d i n t o t h e Arabidopsis thaliana genome. I t s presence was 

c o n f i r m e d by Southern b l o t t i n g , GUS PGR and h l s t o c h e m l c a l s t a i n i n g . 

U n f o r t u n a t e l y , no evide n c e o f a t r a n s p o s i t i o n event was found. 
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4.2 M e t a l l o t h i o n e i n 

The m e t a l - b i n d i n g p r o p e r t i e s of m e t a l l o t h i o n e i n (MT) suggest a 

p r o b a b l e r o l e i n met a l m etabolism and d e t o x i f i c a t i o n . A more 

encompassing r o l e was suggested whereby MT f u n c t i o n s h o m o e o s t a t i c a l 1 y 

as a r e s e r v o i r , a b l e t o se q u e s t e r and/or donate i t s metal 

i n t r a c e l l u l a r l y t o m e t a l - r e q u i r i n g m e t a l l o p r o t e i n s . 

4.2.1 M e t a l l o t h l o n e i n / z i n c I n t e r a c t i o n s 

Exogenously a d m i n i s t e r e d z i n c has been shown t o be recovered as 

z i n c - t h i o n e i n (KSgi and S c h a f f e r , 198B> f o r m i n g a p o s s i b l e r e s e r v o i r 

o f a v a i l a b l e b u t n o t ' f r e e ' z i n c . The second st e p , t h e r e a c t i v a t i o n o f 

z i n c - r e q u i r i n g apo-enzymes, has a l s o been demonstrated w i t h , f o r 

example, a l c o h o l dehydrogenase, a l d o l a s e , t h e r m o l y s i n , a l k a l i n e 

phosphatase and c a r b o n i c anhydrase (Udom and Brady, 1980), a t 

a p p r o x i m a t e l y t h e same r a t e as i n o r g a n i c z i n c s a l t s . S i m i l a r r e s u l t s 

have been o b t a i n e d f o r p h y t o c h e l a t i n s ( c l a s s I I I MTs), which were 

shown t o r e a c t i v a t e diamino o x i d a s e and c a r b o n i c anhydrase apoenzymes 

as e f f e c t i v e l y as f r e e metal i o n s (Thumann et al. , 1991). 

Since t h e d i s c o v e r y o f z i n c - f i n g e r p r o t e i n s and o t h e r z i n c -

r e q u i r i n g DNA-binding p r o t e i n s , a more fundamental l e v e l of c o n t r o l 

has been h y p o t h e s i z e d f o r MT. Many r e g u l a t o r y p r o t e i n s a r e now known 

t o r e q u i r e z i n c t o fo r m t h e i r s t r u c t u r a l b i n d i n g domains, f o r example, 

X f l n (Lee et ah, 1989), GAL4 (Pan and Coleman, 1990) and the 

g l u c o c o r t i c o i d r e c e p t o r ( L u i s i et al., 1991). I t has been proposed 

t h a t by r e g u l a t i n g t h e amount o f z i n c a v a i l a b l e t o these r e g u l a t o r y 

p r o t e i n s and t r a n s c r i p t i o n f a c t o r s , MT c o u l d be i n v o l v e d i n gene 
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c o n t r o l (Zeng et al. , 1991). 

Metal a n a l y s i s r e v e a l e d t h a t 2 p u t a t i v e Ps/ifTrt-transgenic F l 

s e e d l i n g s showed a s l i g h t l y h i g h e r z i n c c o n c e n t r a t i o n than the 

c o n t r o l s ( F i g u r e s 8c and d ) , however the d i f f e r e n c e i s not 

s t a t i s t i c a l l y s i g n i f i c a n t . T h i s data, a l t h o u g h l i m i t e d , suggests t h a t 

PsWr^ i s not p r i m a r i l y i n v o l v e d i n z i n c metabolism, 

4.2.2 M e t a l l o t h i o n e i n / i r o n I n t e r a c t i o n s 

One r e c e n t t h e o r y o f t h e f u n c t i o n o f the p r o t e i n s encoded by 

these newly i s o l a t e d p l a n t 'MT-like' genes i s t h a t they are I n v o l v e d 

i n I r o n e f f i c i e n c y (Okumura et al., 1991). I r o n e f f i c i e n c y systems i n 

b a c t e r i a use exuded c h e l a t i n g m o l e c u l e s ( s i d e r o p h o r e s ) t o b i n d the 

s p a r i n g l y s o l u b l e I n o r g a n i c I r o n , s o l u b l l i z i n g I t and making i t 

a v a i l a b l e f o r uptake. A s i m i l a r system i s the major i r o n a c c u m u l a t i o n 

s t r a t e g y I n p l a n t s b e l o n g i n g t o t h e Gramineae (and t o a l e s s e r e x t e n t 

I n o t h e r h i g h e r p l a n t s ) , where t h e c h e l a t i n g of t h e i r o n i s thought t o 

be by p h y t o s l d e r o p h o r e s ( h y d r o x y - and a m l n o - s u b s t l t u t e d i m i n o -

c a r b o x y l l c a c i d s ) , such as muglnelc o r avenic a c i d (Romheld, 1987). 

The onset o f i r o n d e f i c i e n c y s t r o n g l y s t i m u l a t e s t h e r e l e a s e of 

p h y t o s i d e r o p h o r e s i n t o the r h i z o s p h e r e where they c h e l a t e any 

a v a i l a b l e i r o n and a r e then taken back i n t o the r o o t s as t h e Fe^*-

p h y t o s i d e r o p h o r e c h e l a t e molecule. Other i r o n a c c u m u l a t i o n s t r a t e g i e s 

t h a t r e l y more on t h e a b i l i t y t o reduce Fe^"" ( p r e s e n t i n the medium) 

t o Fe='* ( t h e f o r m used by the c e l l ) a re used by most o t h e r h i g h e r 

p l a n t s , and t o a l e s s e r e x t e n t by t h e Gramineae. These I n c l u d e the 

e x t r u s i o n o f r e d u c i n g substances ( i n a d d i t i o n t o p h y t o s i d e r o p h o r e s ) 

which reduce t h e Fe-^* as w e l l as c h e l a t i n g I t and i n c r e a s i n g the 
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c o n c e n t r a t i o n o f a v a i l a b l e i r o n ; t he e x t r u s i o n of H-", which decreases 

th e pH o f t h e r h i z o s p h e r e t h u s enhancing the r e d u c t i o n o f Fê -'̂ ; and by 

i r o n r e d u c t a s e s on t h e r o o t s u r f a c e s which reduce Fe--'"" c h e l a t e s t o 

Fe^- (Rbmheld, 1987). 

Comparisons o f t h e i r o n c o n c e n t r a t i o n of c o n t r o l and p u t a t i v e 

FsM];,-transgenic F l s e e d l i n g s r e v e a l e d o n l y 3 p u t a t i v e t r a n s g e n i c s 

w i t h an i r o n c o n t e n t h i g h e r than t h a t of t h e c o n t r o l s ( F i g u r e s 8e and 

f ) . These d i f f e r e n c e s were minimal and proved t o be s t a t i s t i c a l l y 

i n s i g n i f i c a n t , s u g g e s t i n g t h a t PsMTf.-, i s n o t p r i m a r i l y i n v o l v e d i n i r o n 

metabolism. 

Okuraura et al. (1991) i s o l a t e d the M T - l i k e ids-1 gene from 

b a r l e y which encodes an mRNA t h a t i n c r e a s e s i n c o n c e n t r a t i o n d u r i n g 

i r o n d e f i c i e n c y . When t h e growth regimes o f t h e o t h e r p l a n t s p e c i e s 

f r o m which M T - l i k e genes have been i s o l a t e d were re-examined, they a l l 

appear t o be d e f i c i e n t i n i r o n . T h i s c o u l d e x p l a i n the apparent h i g h 

l e v e l s o f b a s a l e x p r e s s i o n seen i n the s p e c i e s and t h e absence of 

i n d u c t i o n i n response t o e l e v a t e d c o n c e n t r a t i o n s o f metal i o n s such as 

copper and z i n c . Okuraura et al. (1991) have f u r t h e r proposed t h a t 

ids-1, and o t h e r M T - l i k e genes i n p l a n t s , may have a r o l e i n i r o n -

e f f i c i e n c y , p o s s i b l y analogous t o t h e b a c t e r i a l /"ur genes. The MT-like 

genes c o u l d encode p r o t e i n s which b i n d i r o n and are i n v o l v e d i n 

r e g u l a t i n g t h e e x p r e s s i o n o f genes encoding enzymes which are 

r e s p o n s i b l e f o r t h e s y n t h e s i s o f the p h y t o s i d e r o p h o r e s . However, t h e r e 

i s an a l t e r n a t i v e e x p l a n a t i o n f o r t h e observed i n d u c t i o n of these 

genes i n response t o low i r o n which i s c o n s i s t e n t w i t h t h e i r proposed 

r o l e as M T - l i k e c o p p e r - c h e l a t i n g molecules, p o s s i b l y analogous t o the 

CUPl gene system of ye a s t . 
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4.2.3 M e t a l l o t h i o n e i n / copper I n t e r a c t i o n s 

A n a l y s i s o f t h e copper c o n c e n t r a t i o n o f c o n t r o l and p u t a t i v e 

PsMf^,-transgenic F l s e e d l i n g s r e v e a l e d an o b v i o u s s t a t i s t i c a l l y 

s i g n i f i c a n t d i f f e r e n c e ( F i g u r e s 8a and b ) , w i t h t he t r a n s g e n i c 

s e e d l i n g s a c c u m u l a t i n g up t o 8 t i m e s more copper than the c o n t r o l s . 

D e t e r m i n a t i o n o f t h e metal b i n d i n g p r o p e r t i e s o f the PsMT^ 

p r o t e i n was necessary i n o r d e r t o c o n f i r m i t as a m e t a l l o t h i o n e i n . The 

PBMT^^ c o d i n g sequence has been c l o n e d v i a a pGEX v e c t o r i n t o E.coli, 

where I t was expressed as a f u s i o n p r o d u c t w i t h g l u t a t h i o n e - S -

t r a n s f e r a s e (GST) (Tommey et al. , 1991), The p r o t e i n was cle a v e d and 

p a r t i a l l y sequenced t o c o n f i r m i t s i d e n t i t y . From t h e data o b t a i n e d , 

t h e sequence suggests a s t r u c t u r e most s u i t e d t o copper b i n d i n g . T h i s 

c o r r e l a t e s w i t h t h e a n a l y s i s o f t h e p u t a t i v e PsMlt,-transgenic 

s e e d l i n g s , d e s c i b e d above. 

E s t i m a t i o n s o f t h e pH o f h a l f d i s s o c i a t i o n o f t h e metal f r o m the 

p r o t e i n i s a c r i t e r i o n commonly used t o d i s t i n g u i s h MT from non-MT 

m e t a l - b i n d i n g p r o t e i n s . The h a l f d i s s o c i a t i o n v a l u e s of z i n c , cadmium 

and copper f r o m equine MT were de t e r m i n e d t o be 4,50, 3,00 and 1,80 

r e s p e c t i v e l y , and o f cadmium and copper f r o m Schizosaccharomyces pombe 

p h y t o c h e l a t i n , 4,00 or 5,40 (depending upon whether or not the 

complexes c o n t a i n e d a d d i t i o n a l I n o r g a n i c s u l p h i d e ) and 1,30, The pH of 

h a l f d i s s o c i a t i o n o f t h e PsMT^ f u s i o n p r o d u c t , p u r i f i e d f r o m E.coli 

grown i n metal i o n supplemented media o f z i n c , cadmium and copper were 

e s t i m a t e d t o be 5,25, 3.95 and 1. 45 r e s p e c t i v e l y (Tommey et al. , 

1991). A comparison o f these v a l u e s t o equine MT and p h y t o c h e l a t i n 

suggest t h a t PsMT^ a l s o has h i g h a f f i n i t i e s f o r c e r t a i n metal ions, 

p a r t i c u l a r l y copper, s u p p o r t i n g the Idea t h a t i t I s a p l a n t MT, F i n a l 

c o n f i r m a t i o n t h a t t h i s p r o t e i n i s a p l a n t MT r e q u i r e s the 
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c h a r a c t e r i z a t i o n o f i t s m e t a l - b i n d i n g p r o p e r t i e s in planta. 

The copper a c c u m u l a t i o n p r o p e r t i e s o f t h e E.coli e x p r e s s i n g the 

PsMTf.i-GST f u s i o n p r o d u c t were compared t o those of t h e E.coli c o n t r o l 

e x p r e s s i n g o n l y GST. The PsMT^-GST s t r a i n accumulated a much h i g h e r 

c o n c e n t r a t i o n o f copper than t h e c o n t r o l s (W.P.Lindsay et al. 

u n p u b l i s h e d ) . 

The Involvement of MT i n copper homoeostasis i n yeast has been 

w e l l documented by Hamer (1986). The yeast copper-MT gene iCUPl) 

t r a n s c r i p t was shown t o i n c r e a s e s t e a d i l y t o a p l a t e a u w i t h i n c r e a s i n g 

copper c o n c e n t r a t i o n s , t h e MT a c t i n g as a copper s t o r e t o p r e v e n t the 

t o x i c e f f e c t s o f t h e excess i o n s . Copper, l i k e i r o n , i s reduced ( f r o m 

Cu'-'" t o Cu*) when absorbed i n t o t h e c e l l . F u r t h e r work on yeast, has 

l e d t o t h e i d e n t i f i c a t i o n of a c e l l s u r f a c e copper r e d u c t a s e (Hamer, 

1991 i n p r e s s ) f r o m a mutant d e f i c i e n t i n copper a c c u m u l a t i o n . The 

mutant was complemented and t h e gene I d e n t i f i e d . I t s sequence was 

found t o be i d e n t i c a l t o t h e yeast i r o n r e d u c t a s e gene {FRED 

i n d i c a t i n g t h a t i t s r e d u c t a s e a c t i v i t y i s not s p e c i f i c t o i r o n , as was 

p r e v i o u s l y t h o u g h t , but i n s t e a d a l s o reduces copper i o n s . FREl i s 

expressed i n copper- and/or i r o n - d e f i c i e n t c o n d i t i o n s e n a b l i n g the 

r e d u c t i o n and t h e r e f o r e the uptake o f these e s s e n t i a l i o n s , but i t i s 

s w i t c h e d o f f w i t h s u f f i c i e n c y . FREl was found t o be l e s s s e n s i t i v e t o 

i r o n t h a n t o copper, t h e r e f o r e under i r o n - d e f i c i e n t c o n d i t i o n s when 

t h e FREl gene i s h i g h l y expressed, t h e c e l l s w i l l be a c c u m u l a t i n g the 

necessary i r o n but w i l l a l s o be a c c u m u l a t i n g copper a t a much h i g h e r , 

p o t e n t i a l l y t o x i c , r a t e . T h i s excess copper would s t i m u l a t e the 

e x p r e s s i o n o f t h e CUPl copper-MT which b i n d s the copper t h e r e f o r e 

d e t o x i f y i n g t h e c e l l . No r e p o r t s of t h i s t h e o r y h a v i n g been examined 

have been p u b l i s h e d . 

I f t h e i r o n r e d u c t a s e o f p l a n t s i s a l s o a copper reductase, i t 
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c o u l d e x p l a i n t h e g r a d u a l I n c r e a s e of the PsMTp, t r a n s c r i p t s d u r i n g 

g e r m i n a t i o n . As t h e s e e d l i n g s grew ( i n i n c r e a s i n g l y i r o n d e f i c i e n t 

c o n d i t i o n s ) t h e i r o n / c o p p e r r e d u c t a s e would be a c t i v a t e d , co-

a c c u m u l a t i n g excess copper as w e l l as t h e necessary i r o n . The 

t r a n s c r i p t i o n o f a copper c h e l a t o r may t h e r e f o r e be i n c r e a s e d t o b i n d 

t h e f r e e copper. 

Some r e c e n t u n p u b l i s h e d d a t a (Kochian e t a i , i n press) has 

r e c o r d e d v a r i a t i o n i n t h e copper a c c u m u l a t i o n of pea p l a n t s grown w i t h 

or w i t h o u t an i r o n supplement. P l a n t s grown i n i r o n - s u f f i c i e n t 

c o n d i t i o n s were shown t o accumulate o n l y B. l)Jig copper per gramme of 

f r e s h w e i g h t t i s s u e compared t o p l a n t s grown i n i r o n - d e f i c i e n t 

c o n d i t i o n s w h i c h accumulated 104. l | J i g / g , 

E x periments a r e underway I n o r d e r t o t r y and det e r m i n e whether 

t h e i r o n d e f i c i e n c y t h e o r y c o u l d be c o r r e c t . Pea p l a n t s , grown i n 

i r o n - s u f f i c i e n t c o n d i t i o n s w i l l be anal y s e d f o r PsMT^ e x p r e s s i o n 

( p r e v i o u s l y t h o u g h t t o be c o n s t i t u t i v e l y expressed i n the mature 

s e e d l i n g s ) . I f t h e i r o n - d e f i c i e n c y t h e o r y i s c o r r e c t , i t sh o u l d be 

p o s s i b l e t o s w i t c h on e x p r e s s i o n o f t h e PsMT,.^ gene by t r a n s f e r r i n g the 

p l a n t s t o i r o n - d e f i c i e n t c o n d i t i o n s . Furthermore, PsMT^ e x p r e s s i o n may 

be r e - a c t i v a t e d under i r o n - s u f f i c i e n t c o n d i t i o n s I n t h e presence o f 

excess copper. 

4.2.4 E x p r e s s i o n of PsMT^ i n Arabidopsis 

I n a d d i t i o n t o r e s p o n d i n g t o t h e presence o f metal i o n s , animal 

MT genes show changes I n t h e l e v e l of e x p r e s s i o n t h r o u g h embryogenesis 

i n t o m a t u r i t y (KSgi and S c h a f f e r , 1988), As t h e organism matures, the 

c o n c e n t r a t i o n of MT p r e s e n t g e n e r a l l y decreases. I n p l a n t s , v e r y 
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l i t t l e i s known about t h e r e g u l a t i o n o f e x p r e s s i o n , or f u n c t i o n , of 

MT - l i k e p r o t e i n s . 

The c l a s s I I MT ( E ^ ) , i s o l a t e d from wheat, (Hanley-Bowdoin and 

Lane, 1983) i s abundant i n t h e embryonic t i s s u e (wheatgerm) but i t s 

abundance d e c l i n e s a f t e r g e r m i n a t i o n . S t u d i e s o f the e x p r e s s i o n 

p a t t e r n of t h e PsMT genes r e v e a l e d a lack o f PsMT t r a n s c r i p t s i n RNA 

i s o l a t e d f r o m embryonic r a d i c l e but an i n c r e a s e i n abundance i n t h e 

r o o t s a f t e r g e r m i n a t i o n , a p p a r e n t l y t h e o p p o s i t e o f the c l a s s I I MT 

r e s u l t s i n wheat (Robinson e t al., i n p r e s s ) . However, PsMT 

t r a n s c r i p t s o f a s l i g h t l y s m a l l e r s i z e were d e t e c t e d i n embryonic 

c o t y l e d o n s . 

The presence o f PsMTf^ i n Arabidopsis was co n f i r m e d by PGR 

a n a l y s i s o f genomic DNA w i t h PsMTp, p r i m e r s ( R e s u l t s 3.2.6). mRNA 

e x p r e s s i o n was a l s o c o n f i r m e d u s i n g p o l y A-prlmed cDNA s y n t h e s i s and 

PsMT^ PGR p r i m e r s ( R e s u l t s 3.2.7). F l s e e d l i n g s were s i m i l a r l y 

a n a l y s e d and showed t h e presence of a rearrangement, p r o b a b l y a 

d e l e t i o n , i n one copy o f t h e PsMT^ c o d i n g r e g i o n . A p r e v i o u s l y 

u n d e t e c t e d 660bp band, as w e l l as the 969bp PsMT^ c o d i n g r e g i o n , 

h y b r i d i z e t o a PsMT„ probe ( R e s u l t s 3.2.9/10). The PsMT^ / PSMTE 

c o m p e t i t i v e PGR d a t a suggests some v a r i a t i o n i n t h e l e v e l of 

e x p r e s s i o n o f PsMT^^ mRNA between i n d i v i d u a l t r a n s f ormants. However, 

t h e i n i t i a l mRNA e x t r a c t i o n t e c h n i q u e used was to o v a r i a b l e f o r the 

data t o be used as a n y t h i n g o t h e r than an i n d i c a t i o n ( R e s u l t s 3.2.8). 

With t h e i s o l a t i o n o f an Arabidopsis M T - l i k e gene (Chino et al. 

u n p u b l i s h e d ) , i t was i m p o r t a n t t o v e r i f y f r o m t h e sequence whether or 

not t h e PGR p r i m e r s (270 and 271) used t o i d e n t i f y t r a n s f o r m a n t s would 

a l s o prime t h e a m p l i f i c a t i o n o f t h e n a t i v e gene. From the data 

a v a i l a b l e , t h e se p r i m e r s a r e n o t c o m p a t i b l e w i t h t h e Arabidopsis MT-

l i k e gene and would t h e r e f o r e o n l y a m p l i f y t h e i n t r o d u c e d PsMT^ gene. 

-155-



The l a c k o f a m p l i f i c a t i o n o f t h e Arabidopsis M T - l i k e gene(s) w i t h 

p r i m e r s 270 and 271 i s demonstrated i n P l a t e 9, 

The PsMT^ m e t a l - b i n d i n g d a t a o b t a i n e d from t h e £, co7j-expressed 

p r o t e i n , suggested t h a t t h e Arabidopsis m e t a l - b i n d i n g s t u d i e s s h o u l d 

c o n c e n t r a t e i n i t i a l l y on copper. The subsequent copper a n a l y s i s of 

p u t a t i v e t r a n s g e n i c Arabidopsis grown on c o n t r o l or copper-

supplemented media c o r r o b o r a t e d t h e E.coli data. A l t h o u g h a wide range 

of v a l u e s o f copper c o n t e n t were o b t a i n e d from t h e p u t a t i v e PsMTf^ 

t r a n s g e n i c s , a c l e a r o v e r - a c c u m u l a t i o n of copper I n s e v e r a l 

I n d i v i d u a l s c o u l d be seen when compared t o t h e c o n t r o l s . I t i s 

p o s s i b l e t h a t I f a p l a n t was e x p r e s s i n g a p a r t i c u l a r l y h i g h l e v e l o f 

PsMT^i p r o t e i n , i t would be u n l i k e l y t o s u r v i v e beyond g e r m i n a t i o n , due 

t o t h e lac k o f a v a i l a b l e e s s e n t i a l metal ions. No c o r r e l a t i o n was seen 

between the h i g h copper l e v e l s and e i t h e r t h e i r o n or z i n c l e v e l s ; 

however I t was n o t i c e a b l e t h a t b o t h the c o n t r o l and p u t a t i v e 

t r a n s g e n i c s e e d l i n g s accumulated more i r o n and z i n c when p l a n t e d on 

t h e non-copper-supplemented medium. More e x t e n s i v e analyses must be 

c a r r i e d o u t , however, b e f o r e any c o n c l u s i o n s can be drawn about t h e 

p o s s i b l e a n t a g o n i s t i c e f f e c t between t h e metals. 

With h i n d s i g h t , these m e t a l - b i n d i n g r e s u l t s would have been more 

complete i f a t i s s u e sample f r o m each p l a n t had been removed, p r i o r t o 

t h e metal e x t r a c t i o n , f o r Western b l o t a n a l y s i s o f PsMTf^ e x p r e s s i o n , 

u s i n g t h e r e c e n t l y made PsMTf:, a n t i b o d y . T h i s would have enabled the 

h i g h copper a c c u m u l a t i o n t o be l i n k e d s p e c i f i c a l l y t o those s e e d l i n g s 

t h a t were e x p r e s s i n g t h e h i g h e s t l e v e l s of PsMTf^. 

The e x p e r i m e n t s c o u l d have perhaps a l s o been improved by u s i n g 

c o n t r o l Arabidopsis t h a t had r e g e n e r a t e d t h r o u g h a t i s s u e c u l t u r e 

c y c l e ( t h e p-PsW?;, Arabidopsis t r a n s f ormants would have been i d e a l ) , 

and would t h e r e f o r e remove t h e p o s s i b i l i t y o f h i g h e r v a r i a t i o n w i t h i n 
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t h e p o p u l a t i o n s b e i n g due t o the i n f l u e n c e o f t h e somaclonal v a r i a t i o n 

induced by p r o l o n g e d t i s s u e c u l t u r e . However, the r o o t t r a n s f o r m a t i o n 

system used was developed f o r I t s speed of r e g e n e r a t i o n and t h e r e f o r e 

reduces t h e t i m e spent i n t i s s u e c u l t u r e . R e s u l t s have shown t h a t the 

a c t u a l r a t e o f spontaneous m u t a t i o n i s low enough t o have no severe 

i m p l i c a t i o n s on e x p e r i m e n t a l work (Valvekens and Van Montagu, 1990). 

F u r t h e r p o t e n t i a l l y u s e f u l d a t a c o u l d be o b t a i n e d by d o i n g t h e 

same an a l y s e s but w i t h s e e d l i n g s g e r m i n a t e d on media supplemented w i t h 

i r o n or z i n c , o r even cadmium t o compare t h e PsMT^^ p r o t e i n s b i n d i n g 

a b i l i t y in planta w i t h t h a t of t h e £. c o i i - e x p r e s s e d p r o t e i n . 

I n c o n c l u s i o n , t h e c o p p e r - b i n d i n g data from both the E.coli and 

t h e y4rai)idopsjs-expressed PsWr^ appears t o s u p p o r t t h e s u g g e s t i o n t h a t 

t h e PsMT^ p r o t e i n b i n d s copper in vivo. 
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4.3 Tam3 

T r a n s p o s a b l e elements have the a b i l i t y t o move i n d e p e n d e n t l y 

around t h e genome o f t h e i r h o s t p l a n t , b l o c k i n g t h e e x p r e s s i o n o f any 

gene i n t o which t h e y i n s e r t . When t h e sequence o f t h e t r a n s p o s a b l e 

element i s known, i t can be used t o ' t a g ' the gene i n t o which i t has 

i n s e r t e d , t h u s p o t e n t i a l l y b e i n g a method t o i s o l a t e every gene i n the 

p l a n t . With t h e c o r a p l e t l y random t r a n s p o s i t i o n event, Arabidopsis has 

a n a t u r a l advantage over o t h e r p l a n t s , i t c o n t a i n s v e r y l i t t l e 

r e p e t i t i v e n on-coding DNA t h e r e f o r e t h e r e i s a h i g h e r p r o b a b i l i t y of 

tr a n s p o s o n i n s e r t i o n w i t h i n a gene. However, one l i m i t a t i o n of the 

tra n s p o s o n t a g g i n g system w i t h Arabidopsis and, i n f a c t , most p l a n t 

s p e c i e s , i s t h e l a c k o f n a t i v e c h a r a c t e r i z e d t r a n s p o s a b l e elements. 

T h i s problem has been p a r t i a l l y overcome by t h e i n t r o d u c t i o n of 

t r a n s p o s a b l e elements i n t o f o r e i g n h o s t s u s i n g y^grofaacten'ujn-mediated 

t r a n s f o r m a t i o n . S e v e r a l t r a n s p o s a b l e elements have been i n t r o d u c e d 

i n t o f o r e i g n h o s t s , f o r example, the maize elements Ac (Van Sluys e t 

al., 1987) and Spm (Frey et al. , 1989), and the Tam3 element from 

Antirrhinum majus ( M a r t i n e t a i . , 1989). 

A l t h o u g h many l a b o r a t o r i e s have s e t o u t t o develop a transposon 

t a g g i n g system f o r Arabidopsis, no p u b l i s h e d genes have yet been 

i s o l a t e d by t h i s method. The maize Ac element has been shown t o 

t r a n s p o s e i n Arabidopsis a t f r e q u e n c i e s h i g h enough t o make 

i n s e r t i o n a l mutagenesis a r e a l i s t i c p o s s i b l i t y i n p r i m a r y 

t r a n s f o r m a n t s r i g h t t h r o u g h t o t h e F2 g e n e r a t i o n o f s e e d l i n g s (Schmidt 

and W i l l m i t z e r , 1989). 

One of t h e newly developed v i s u a l markers b e i n g used i n such 

c h l m a e r l c c o n s t r u c t s i s s t r e p t o m y c i n p h o s p h o t r a n s f e r a s e (SPT). When 

p l a t e d o n t o s t r e p t o m y c i n , e x c i s i o n events can be d e t e c t e d as green 
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s e c t o r s on w h i t e c o t y l e d o n s , w i t h g e r m i n a l e x c i s i o n events d e t e c t e d as 

f u l l y green s e e d l i n g s (Jones et al., 1989), Besides t h e a n t i b i o t i c 

r e s i s t a n c e markers, a n o t h e r w e l l - u s e d system I n v o l v e s the bar gene 

c o n f e r r i n g r e s i s t a n c e t o t h e h e r b i c i d e P h o s p h i n o t r i c i n (Altmann e t 

al., 1990), 

The Tam3 t r a n s p o s o n t a g g i n g system was o r i g i n a l l y developed t o 

t a k e advantage o f i t s t e m p e r a t u r e response. Experiments i n i t s n a t i v e 

h o s t , Antirrhinum majus, showed a s i g n i f i c a n t i n c r e a s e i n 

t r a n s p o s i t i o n f r e q u e n c y when t h e te m p e r a t u r e was lowered t o 15'='C, A 

system where t r a n s p o s i t i o n c o u l d be s t i m u l a t e d by a s i m p l e drop i n 

t e m p e r a t u r e and suppressed by r a i s i n g t he temperature, r e s u l t i n g i n 

s t a b l e m u t a t i o n s , was v e r y a p p e a l i n g , 

TanQ has been shown t o t r a n s p o s e when i n t r o d u c e d i n t o t he 

tobacco genome ( M a r t i n et al., 1989), however i t appeared as i f the 

f r e q u e n c y o f t r a n s p o s i t i o n , i n i t i a l l y g r e a t e r than 10%, dropped 

s i g n i f i c a n t l y I n t h e progeny o f t h e t r a n s g e n i c p l a n t s . The i n t e g r a t i o n 

event o f TanQ i n tobacco i s somewhat more i r r e g u l a r than i n 

Antirrhinum. T h i s c o u l d be due t o t h e l e s s p r e c i s e a c t i o n of the 

tobacco enzymes s u p p l e m e n t i n g t h e transposase than those o f the n a t i v e 

h o s t enzymes, A s i m i l a r i m p r e c i s e I n s e r t i o n o f Ac i n tobacco has a l s o 

been observed ( M a r t i n e t al. , 1989), 

A r e - i n d u c t i o n o f t r a n s p o s i t i o n i n t r a n s g e n i c tobacco p l a n t s was 

a t t e m p t e d by a t e m p e r a t u r e s h i f t t o 15°C. A l t h o u g h t h e i n i t i a l 

a n a l y s i s o f t r a n s g e n i c p l a n t s i n d i c a t e d a h i g h frequency o f 

t r a n s p o s i t i o n , no e v i d e n c e o f f u r t h e r t r a n s p o s i t i o n c o u l d be d e t e c t e d , 

s u g g e s t i n g t h a t o n l y c o n d i t i o n s e a r l y i n t r a n s f o r m a t i o n / r e g e n e r a t i o n 

may be f a v o u r a b l e f o r TairQ t r a n s p o s i t i o n . T h i s r e l a t i v e s t a b i l i t y o f 

Tam3 i n t r a n s g e n i c tobacco p l a n t s suggests t h a t movement may be 

suppressed i n some way by t h e host p l a n t , M e t h y l a t i o n has been 
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s t r o n g l y c o r r e l a t e d t o t h e i n a c t i v a t l o n o f s e v e r a l maize elements 

(Bennetzen, 1987; Schwarz and Dennis, 1986) and, indeed, when 

examined, TanQ f r o m t h e t r a n s g e n i c tobacco was found t o be r a p i d l y and 

h e a v i l y m e t h y l a t e d w i t h i n t h e i n v e r t e d r e p e a t s . 

The t r a n s g e n i c Arabidopsis produced were shown t o c o n t a i n a Tam5 

element but t h e s c r e e n i n g o f TairB t r a n s p o s i t i o n proved i n c o n c l u s i v e 

and would have r e q u i r e d e x t e n s i v e DNA a n a l y s i s b e f o r e any d e f i n i t e 

r e s u l t s would have been o b t a i n e d . I t was decided t h a t due t o t h e 

amount o f a n a l y s i s necessary and Tam3 data p u b l i s h e d s i n c e t h e onset 

o f t h i s p r o j e c t , the p r o j e c t would be abandoned. A l t h o u g h r e s u l t s 

showing t r a n s p o s i t i o n c o u l d p o s s i b l y have been o b t a i n e d (see R e s u l t s 

3.3.8), a h i g h e r p r i o r i t y was g i v e n t o t h e o t h e r t r a n s f o r m a t i o n 

e x p e r i m e n t s u n d e r t a k e n . The d e s i g n o f t h e pTarrQ c o n s t r u c t was p o o r l y 

t h o u g h t o u t , a n a l y s i s would have been q u i c k e r and more e f f i c i e n t i f an 

e x c i s i o n marker gene, such as SPT or even GUS, had been employed, A 

c o n s t r u c t i n which t h e t r a n s p o s a b l e element i s b l o c k i n g the e x p r e s s i o n 

o f a second s c r e e n a b l e marker gene would s i m p l i f y t h e d e t e c t i o n o f 

e x c i s i o n e v e n t s . 

4.3.1 Dual element transposon tagging systems 

One o f t h e d i s a d v a n t a g e s of u s i n g an autonomous transposon ( l i k e 

7a/n3) f o r gene t a g g i n g i s t h a t i t g i v e s r i s e t o p o t e n t i a l l y u n s t a b l e 

m u t a t i o n s . The two element Ac/Ds system has been used t o develop a 

more c o n t r o l l a b l e system: an i n t e r n a l l y d e l e t e d Ac element 

( e s s e n t i a l l y a Ds) and t h e Ac transposase gene under the c o n t r o l of 

i n d u c i b l e or p o l l e n - s p e c i f i c p romoters t h a t w i l l induce t r a n s p o s i t i o n 

i n independent gametes ( B a l c e l l s e t al., 1990). Promoters w i t h a more 
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pronounced e f f e c t on the t i m i n g o f t r a n s p o s i t i o n , f o r example the 

Arabidopsis ADH promoter (Chang and Meyerowitz, 1986) and t h e Petunia 

CHI-A2 promoter (Van Tunen et al. , 1989), have been s e l e c t e d but no 

d e f i n i t e r e s u l t s have y e t been r e p o r t e d . 

The non-autonomous element can a l s o be m a n i p u l a t e d t o o p t i m i z e 

t h e t r a n s p o s o n t a g g i n g procedure. By e q u i p p i n g i t w i t h a g e n e t i c 

marker, i t i s p o s s i b l e t o c o n f i r m d i r e c t l y t h a t induced m u t a t i o n s are 

l i n k e d t o t h e t a g . To f a c i l i t a t e t he r e c l o n i n g o f tagged genes, the 

non-autonomous element can be equipped w i t h b a c t e r i a l c l o n i n g f e a t u r e s 

( f o r example, an o r i g i n o f r e p l i c a t i o n and a b a c t e r i a l r e s i s t a n c e 

gene). The m e t h o t r e x a t e r e s i s t a n c e gene, DHFR, has been shown t o f i t 

I n t o t h e Ds element w i t h o u t s i g n i f i c a n t l y a l t e r i n g t h e c a p a c i t y t o be 

t r a n s - a c t i v a t e d (Masterson e t al., 1989). Other p o s s i b l e markers 

i n c l u d e t h e GUS r e p o r t e r gene which i s a l s o s m a l l enough t o be cloned 

i n t o t he Ds element. F u r t h e r a p p l i c a t i o n s have been proposed f o r non-

autonomous elements, such as c l o n i n g i n a s t r o n g promoter and u s i n g 

random I n s e r t i o n t o i s o l a t e , by o v e r - e x p r e s s i o n , the genes around i t 

( H a r i n g e t aJ., 1991b). 

I n o r d e r t o t r y and take advantage of t h e temp e r a t u r e s e n s i t i v e 

t r a n s p o s i t i o n c o n t r o l of TanQ as a transposon t a g , a two element 

system was developed. H a r i n g et al. (1991a) produced a t r a n s g e n i c 

tobacco l i n e c o n t a i n i n g an a r t i f i c i a l dTairiS element ( w i t h a d e l e t i o n 

i n t he p r e s u m p t i v e t r a n s p o s a s e c o d i n g r e g i o n ) and showed I t c o u l d be 

t r a n s - a c t i v a t e d by an a c t i v a t o r TanQ element ( i m m o b i l i z e d by the 

d e l e t i o n o f one I n v e r t e d r e p e a t ) . As i n t h e p r e v i o u s t r a n s g e n i c l i n e s , 

no enhancement o f TairB e x c i s i o n c o u l d be d e t e c t e d w i t h t h e temperature 

d o w n s h i f t , a g a i n s u g g e s t i n g t h a t t h e enhanced e x c i s i o n i s not encoded 

by TarrB i t s e l f but t h a t o t h e r h o s t p l a n t f e a t u r e s a r e i n v o l v e d . 

I n c o n c l u s i o n , the r e l a t i v e l y low e x c i s i o n r a t e and i n t e g r a t i o n 
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f r e q u e n c y i n t r a n s g e n i c t i s s u e o f TanQ and t h e f a i l u r e o f the 

t e m p e r a t u r e - s e n s i t i v e t r a n s p o s i t i o n s w i t c h , made t h e system l e s s 

s u i t a b l e f o r gene t a g g i n g than p r e v i o u s l y thought. F u t u r e gene t a g g i n g 

work s h o u l d c o n c e n t r a t e on t h e Ac system which seems t o be the most 

s u c c e s s f u l system c h a r a c t e r i z e d t o date. F u t u r e Tam3 work s h o u l d be 

focu s e d on t r y i n g t o d e t e r m i n e t h e ho s t p l a n t f a c t o r s t h a t are pres e n t 

i n Antirrhinum majus t h a t a r e i n v o l v e d i n t h e t e m p e r a t u r e - s e n s i t i v e 

t r a n s p o s i t i o n s w i t c h . I f these f a c t o r s c o u l d be determined, I t would 

t h e o r e t i c a l l y be p o s s i b l e t o use them t o c o n t r o l t r a n s p o s i t i o n 

r e s u l t i n g i n a h i g h l y e f f i c i e n t c o n t r o l l a b l e gene t a g g i n g system. 
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4.4 E x t e n s i n 

E x t e n s i n s c o n s t i t u t e a c l a s s o f c e l l w a l l h y d r o x y p r o l i n e - r i c h 

g l y c o p r o t e i n s (HRGPs) p r e s e n t i n a wide v a r i e t y of p l a n t s . They 

c o n t a i n t h e r e p e t i t i v e sequence Ser-Hyp-Hyp-Hyp-Hyp and are a p p a r e n t l y 

i s o d i t y r o s i n e c r o s s - l i n k e d i n t o t h e p r i m a r y w a l l . A l t h o u g h o b v i o u s l y 

i n v o l v e d i n some way w i t h c e l l w a l l a r c h i t e c t u r e , t he range o f 

e x t e n s i n f u n c t i o n s a r e s t i l l under s p e c u l a t i o n . I n order t o e l u c i d a t e 

t h e i r d i s t r i b u t i o n and p o s s i b l e f u n c t i o n w i t h i n t h e p l a n t , e x t e n s i n 

e x p r e s s i o n p a t t e r n s have been anal y s e d by v a r i o u s groups over r e c e n t 

y e a r s . 

Cassab and Varner (1987) demonstrated t he a c c u m u l a t i o n of HRGPs 

d u r i n g t h e development o f soybean seeds, p r i m a r i l y l o c a l i z e d i n the 

seed c o a t , h i l u m and the v a s c u l a r elements, H y d r o x y p r o l i n e had 

p r e v i o u s l y been r e p o r t e d as b e i n g abundant i n t h e seed coat of s e v e r a l 

p l a n t f a m i l i e s (van E t t e n et al., 1961) i n d i c a t i n g a p o s s i b l e 

p r o t e c t i v e and mechanical f u n c t i o n i n t h e t e s t a . E x t e n s i n was f u r t h e r 

l o c a l i z e d t o t h e sclerenchyma, a c e l l t y p e h i g h l y abundant w i t h i n t he 

seed c o a t and p r e s e n t i n many p l a n t organs, e n a b l i n g them t o w i t h s t a n d 

v a r i o u s s t r a i n s , such as s t r e t c h i n g , bending, w e i g h t and pressure, 

w i t h o u t undue damage t o t h e s o f t e r , t h l n - w a l l e d parenchyma c e l l s . 

A l t h o u g h some o f the e a r l y r e s u l t s , based on crude HRGP 

e x t r a c t s , may be m i s l e a d i n g , t h e v a r i a t i o n i n t h e e x t e n s i n e x p r e s s i o n 

p a t t e r n , between d i f f e r e n t s p e c i e s , i s wide r a n g i n g . E x t e n s i n was 

found t o be abundant i n c a r r o t r o o t phloem parenchyma c e l l s ( S t a f s t r o m 

and S t a e h e l i n , 1988), whereas Benhamou et al. (1990), found HRGPs were 

o n l y minor components I n tomato r o o t t i s s u e . A s p e c i f i c r o l e i n 

l a t e r a l r o o t i n i t i a t i o n was suggested f o r e x t e n s i n by K e l l e r and Lamb 

(198 9 ) , h a v i n g f o u n d a d i s t i n c t tobacco HRGP t h a t i s s y n t h e s i z e d and 
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accumulates a t such s i t e s . 

S t i e f e l e t al. (1990) produced in situ h y b r i d i z a t i o n r e s u l t s 

showing e x t e n s i n e x p r e s s i o n i n maize was p a r t i c u l a r l y h i g h i n r e g i o n s 

i n i t i a t i n g v a s c u l a r elements and a s s o c i a t e d sclerenchyma. F u r t h e r 

a n a l y s i s o f maize has shown t h e major maize HRGP (PC-1) was l o c a l i z e d 

i n v a s c u l a r bundles and t h e e p i d e r m i s o f stem t i s s u e (Hood et al. , 

1991). The d a t a p r e s e n t e d i n R e s u l t s 3,4,6 shows t h a t t h e p a t t e r n o f 

e x p r e s s i o n o f t h e rape extA promoter when i n t r o d u c e d i n t o Arabidopsis 

thaliana m i r r o r s t h a t o f PC-1 i n maize, s u g g e s t i n g t h a t they share a 

s i m i l a r f u n c t i o n . 

H y d r o x y p r o l i n e was found i n the c e l l w a l l s of stems, leaves, 

r o o t s , t a s s e l s and s i l k s , w i t h stem nodes c o n t a i n i n g t h e h i g h e s t 

c o n c e n t r a t i o n ( p r o b a b l y due t o t h e l a r g e number o f v a s c u l a r bundles 

p r e s e n t ) . The s i l k s (maize s t i g m a t i c m a t e r i a l ) a l s o c o n t a i n a 

s u r p r i s i n g l y l a r g e amount o f e x t e n s i n , which may be f u n c t i o n i n g by 

g i v i n g s t r e n g t h t o t h e s i l k b u t , u n l i k e l i g n i n , would a l s o a l l o w the 

necessary f l e x i b i l i t y . The presence o f e x t e n s i n i n tobacco and bean 

s t i g m a s has a l s o been shown (Wycoff e t a i . , 1990). 

V a r i o u s e v i d e n c e has been p r e s e n t e d t o suggest t h a t e x t e n s i n s 

a r e encoded by a m u l t i - g e n e f a m i l y and t h a t more than one type of c e l l 

w a l l e x t e n s i n i s p r e s e n t i n a g i v e n t i s s u e (Smith e t a i , , 1984; 1986). 

S h o w a l t e r e t a i . (1991) have s y n t h e s i z e d e x t e n s i n cDNAs from mRNAs 

i s o l a t e d f r o m wounded and unwounded tomato t i s s u e . From the sequence 

da t a o f the c l o n e s , f i v e d i s t i n c t c l a s s e s were obvious, of which 

c l a s s e s I and I I e x h i b i t e x t e n s i n c h a r a c t e r i s t i c s . Class I cl o n e s 

c o n t a i n S e r - ( P r o ) ^ - S e r - P r o - S e r - ( P r o ) ^ - ( T y r ) 4 . - L y s r e p e a t s and were 

fou n d t o accumulate markedly upon wounding, whereas c l a s s I I c l o n e s 

c o n t a i n S e r - ( P r o ) ^ i - S e r - P r o - S e r - ( P r o ) ^ - T h r - ( T y r ) , ...3-Ser r e p e a t s and 

showed no a c c u m u l a t i o n upon wounding. As both c l a s s I and c l a s s I I 
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c l o n e s a r e p r e s e n t i n unwounded t i s s u e , i t was assumed t h a t they both 

r e p r e s e n t s t r u c t u r a l components w i t h i n t h e tomato c e l l w a l l . However, 

I t was s p e c u l a t e d t h a t because o f t h e abundance o f Tyr-X-Tyr u n i t s 

(where X i s u s u a l l y Tyr or V a l ) , g i v i n g c l a s s I c l o n e s an enhanced 

p o t e n t i a l f o r t h e f o r m a t i o n o f i n t e r m o l e c u l a r c r o s s - l i n k s ( t h e r e f o r e 

i n c r e a s i n g t h e i r i n s o l u b i l i t y ) , t h a t an a d d i t i o n a l r o l e i n wound 

h e a l i n g and p l a n t defence was p a r t i c u l a r l y a t t r a c t i v e . The 

i s o d i t y r o s l n e c r o s s - l i n k s c o u l d a l l o w f o r the e r e c t i o n of a h i g h l y 

dense and i m p e n e t r a b l e c e l l w a l l b a r r i e r , thus s e r v i n g t o keep 

pathogens a t bay as w e l l as t o pr e v e n t e x c e s s i v e e v a p o r a t i v e water 

l o s s f r o m a wound s i t e . While t h e c l a s s I I e x t e n s i n sequences are 

n o v e l , t h e c l a s s I e x t e n s i n sequences a r e homologous t o those of o t h e r 

p l a n t e x t e n s i n s , f o r example, t h e bean c l o n e s I s o l a t e d by Corbi n et 

al. (1987), 

S t u d i e s o f t h e r a c e : c u l t i v a r - s p e c i f i c i n t e r a c t i o n s of 

Colletotrichum 1indemuthianum w i t h Phaseolus vulgaris L c e l l s 

r e v e a l e d d i f f e r e n c e s i n t h e responses of t h r e e d i s t i n c t HRGP mRNA 

sp e c i e s . I n t h e i n c o m p a t i b l e i n t e r a c t i o n (a r e s i s t a n t h o s t ) , t h e r e was 

an e a r l y i n c r e a s e i n HRGP mRNA c o r r e l a t e d w i t h t h e e x p r e s s i o n of 

h y p e r s e n s i t i v e r e s i s t a n c e , whereas I n a c o m p a t i b l e i n t e r a c t i o n (a 

s u s c e p t i b l e h o s t ) , t h e HRGP mRNA accumulates as a delayed response a t 

th e onset o f l e s i o n f o r m a t i o n ( S h o w a l t e r e t al., 1985). T h i s 

polymorphism may r e f l e c t s u b t l e r e g u l a t o r y and s t r u c t u r a l d i f f e r e n c e s 

r e l a t e d t o t h e s p e c i f i c f u n c t i o n s o f t h e p r o t e i n p r o d u c t s i n defence. 

These m u l t i p l e RNAs may be th e r e s u l t o f a m u l t i - g e n e f a m i l y or 

c o u l d p o s s i b l y be encoded by a s i n g l e gene and a r i s e by a l t e r n a t i v e 

s p l i c i n g . However, i t appears t h a t t h e r e are s e v e r a l d i f f e r e n t 

e x t e n s i n t y p e s , p r e s e n t i n the same t i s s u e , t h a t a r e d i f f e r e n t i a l l y 

e xpressed and a p p a r e n t l y have d i f f e r i n g f u n c t i o n s . 
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4.4.1 A n a l y s i s of extA p l a n t s 

The extA / GUS f u s i o n c o n s t r u c t s (pAS44 and 45) were designed 

and c o n s t r u c t e d t o l o c a l i z e t h e e x p r e s s i o n o f the extA e x t e n s i n gene 

i s o l a t e d f r o m Brassica napus L. (Evans e t a i . , 1990b), GUS r e p o r t e r 

f u s i o n c o n s t r u c t s have p r e v i o u s l y been used s u c c e s s f u l l y i n s t u d i e s of 

th e t i s s u e - s p e c i f i c e x p r e s s i o n o f s e v e r a l genes, f o r example, a bean 

c e l l w a l l g l y c i n e - r i c h p r o t e i n ( K e l l e r e t a i . , 1989), t h e 

a n a e r o b i c a l l y induced maize Adhl promoter (Kyozuka e t a i . , 1991) and 

l e a f e p i d e r m a l c e l l e x p r e s s i o n of t h e pea p l a s t o c y a n i n , pea 

f e r r e d o x l n ; NADP' r e d u c t a s e and tobacco rbcS genes (Dupree e t a i . , 

1991). 

The extA c o n s t r u c t s were t r a n s f o r m e d . I n i t i a l l y , i n t o Brassica 

napus L. u s i n g Agrobacterium rhizogenes ( S h l r s a t e t a i . , 1991). GUS 

e x p r e s s i o n was l o c a l i z e d t o t h e v a s c u l a r c y l i n d e r s o f the t r a n s g e n i c 

h a i r y r o o t s , s p e c i f i c a l l y i n t h e phloem. E x p r e s s i o n o f GUS i n the 

p e r i c y c l e c e l l s o f t h e emerging l a t e r a l r o o t was n o t seen, s u g g e s t i n g 

t h a t extA i n Brassica napus L. has a d i f f e r e n t f u n c t i o n t o the tobacco 

e x t e n s i n I s o l a t e d by K e l l e r and Lamb (1989). The extA c o d i n g sequence 

w i t h i t s promoter was t r a n s f o r m e d i n t o tobacco ( S h i r s a t e t a i . , 1991), 

and i t s e x p r e s s i o n examined by n o r t h e r n b l o t a n a l y s i s . extA e x p r e s s i o n 

was l o c a l i z e d t o t h e r o o t t i s s u e , but was a l s o p r e s e n t t o a l e s s e r 

e x t e n t i n t h e stems. 

I n o r d e r t o c o n f i r m these e x p r e s s i o n p a t t e r n s , the c o n s t r u c t was 

t r a n s f o r m e d i n t o Arabidopsis, a member of the same f a m i l y ( t h e 

C r u c i f e r a e ) as S r a s s i c a napus L. The Arabidopsis e x p r e s s i o n p a t t e r n 

was s i m i l a r . The e x p r e s s i o n i n t h e stem was l o c a l i z e d t o the phloem, 

as i n Brassica napus L., however, t h e immuno-gold antl-GUS l a b e l l i n g 

a l s o d e t e c t e d extA e x p r e s s i o n i n t h e e p i d e r m i s . No e x p r e s s i o n was 

-166-



found i n t h e r o o t t i s s u e , however t h i s c o u l d have been s i m p l y because 

of t h e s m a l l s i z e o f the r o o t s and the d i f f i c u l t y t h i s caused i n t h e i r 

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

From b o t h s e t s o f data, i t would appear t h a t t h e exth gene i s 

h i g h l y t i s s u e s p e c i f i c , m o s t l y l i n k e d t o t h e phloem c e l l s . Phloem has 

t o be a b l e t o w i t h s t a n d h i g h p r e s s u r e s but a l s o m a i n t a i n f l e x i b i l i t y , 

e x t e n s i n c o u l d p o t e n t i a l l y f u l f i l l b o t h of these r e q u i r e m e n t s , 

t h e r e f o r e I t s e x p r e s s i o n i s o n l y t o be expected. E x p r e s s i o n of extk i n 

e p i d e r m a l c e l l s o f Arabidopsis was n o t s u r p r i s i n g i f the gene p r o d u c t 

i s a c t i n g as a w a l l s t r e n g t h e n e r . I t i s p o s s i b l e t h a t e x p r e s s i o n was 

no t found i n Brassica napus L. ep i d e r m a l c e l l s because the p l a n t s 

s e c t i o n e d were o l d e r and t h e r o l e of c e l l w a l l s t r e n g t h e n e r had been 

taken over by l i g n i n . The e x p r e s s i o n p a t t e r n i n Arabidopsis appears t o 

be t h e same as t h a t r e p o r t e d f o r t h e major maize HRGP (PC-1) (Hood e t 

al., 1991). I t would be i n t e r e s t i n g t o compare t h e sequences of these 

two e x t e n s i n s t o check f o r any homology. 

F u t u r e work w i t h t h i s t r a n s g e n i c l i n e w i l l p r o b a b l y c o n c e n t r a t e 

on i d e n t i f y i n g t h e r o l e o f t h e exth gene i n t h e development from seed 

t o p l a n t , f o l l o w i n g work by S t i e f e l et al. (1990) and Ye and Varner 

(1991). Using t h e GUS f u s i o n c o n s t r u c t s , i t s h o u l d be p o s s i b l e t o 

l o c a l i z e c e l l s p e c i f i c e x p r e s s i o n a t v a r i o u s s t a g e s o f development of 

t h e s e e d l i n g s and t o i d e n t i f y any v a r i a t i o n w i t h i n those p a t t e r n s o f 

e x p r e s s i o n . A l t h o u g h , a t times, the s m a l l s i z e o f t h e Arabidopsis 

p l a n t s w i l l be a h i n d r a n c e ( f o r example, when t i s s u e s e c t i o n s are 

r e q u i r e d ) , t h e l a r g e number o f seeds produced and t h e s i z e of the 

s e e d l i n g s p e r m i t s a p o s s i b l e v a s t s c r e e n i n g programme of extA 

e x p r e s s i o n , by t a k i n g s e e d l i n g s a t v a r i o u s i n t e r v a l s and s i m p l y 

i n c u b a t i n g t h e whole p l a n t i n t h e GUS h i s t o c h e m i c a l s t a i n . 
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4.5 Conclusions 

A w o r k a b l e Agrobacterium tumefaciens-mediaied t r a n s f o r m a t i o n 

system f o r Arabidopsis thaliana was e s t a b l i s h e d and used t o 

s u c c e s s f u l l y t r a n s f o r m t h r e e t e s t c o n s t r u c t s (a gene, a promoter-

r e p o r t e r f u s i o n and a t r a n s p o s a b l e element) i n t o t h e p l a n t genome. 

A n a l y s i s of p l a n t s c o n t a i n i n g t h e p u t a t i v e m e t a l l o t h i o n e i n gene, PsMT^ 

has p r o v i d e d f u r t h e r d a t a t o suggest t h a t PsMTp, f u n c t i o n s w i t h i n 

copper metabolism. Transgenic p l a n t s c o n t a i n i n g t h e rape e x t e n s i n extA 

promoter-GUS f u s i o n enabled t h e d e t e r m i n a t i o n o f i t s phloem and 

e p i d e r m a l t i s s u e - s p e c i f i c e x p r e s s i o n . 

T h i s p r o j e c t i l l u s t r a t e s some of the many a p p l i c a t i o n s o f a 

w o r k a b l e t r a n s f o r m a t i o n system o f Arabidopsis. However, t h e main 

advantage o f Arabidopsis t o t h e m o l e c u l a r b i o l o g i s t i s i t s small 

genome, and t h e r e f o r e i t s p o t e n t i a l f o r gene i s o l a t i o n , by 

mutagenesis, c r o s s - h y b r i d i z a t i o n , PGR t e c h n i q u e s and transposon 

t a g g i n g . A l t h o u g h r e c e n t d a t a suggests t h a t t h e TanB gene t a g g i n g 

system i s l e s s e f f i c i e n t t h an p r e v i o u s l y t h o u g h t , the p r o j e c t 

i l l u s t r a t e s t h e ease o f e n g i n e e r i n g a gene t a g g i n g system i n t o 

Arabidopsis, The r e s u l t s of o t h e r t r a n s p o s a b l e elements ( n o t a b l y Ac) 

suggest t h e i r g r e a t e r p o t e n t i a l . 

There a r e s e v e r a l s e l d o m l y mentioned d i s a d v a n t a g e s i n the use of 

Arabidopsis which must be c o n s i d e r e d b e f o r e a p r o j e c t i s undertaken. 

I t s s i z e , a l t h o u g h a major advantage i n terms of the s m a l l amount of 

space r e q u i r e d f o r growth, can be a severe handicap when i t proves 

necessary t o e x t r a c t l a r g e amounts o f DNA; t h e lac k of a v a i l a b l e 

t i s s u e , t o g e t h e r w i t h the s m a l l genome s i z e , can be a problem. 

A l t h o u g h used s u c c e s s f u l l y t o s t u d y p h y s i o l o g i c a l m u t a t i o n s 

(Komakl ef a i . , 1988; Haughn and S o r a e r v i l l e , 1988), I t s s m a l l s i z e can 
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a g a i n cause problems. D e t a i l e d s t u d i e s o f morphology r e q u i r e much 

g r e a t e r manual d e x t e r i t y and t h e r e f o r e more ti m e , when compared t o , 

f o r example, tobacco. The b a s i c phenotype of Arabidopsis, i t s s i m p l e 

f l o w e r morphology, l a c k o f p e t a l p i g m e n t a t i o n and s i m p l e l e a f shape, 

reduces t h e ease o f i d e n t i f i c a t i o n o f many c l a s s e s o f mutant, when 

compared t o maize or tobacco. 

I n c o n c l u s i o n , t h e uses o f Arabidopsis are indeed widespread and 

i t s v a l u e t o t h e m o l e c u l a r b i o l o g i s t as a source o f c l o n e a b l e genes 

has a l r e a d y been proved, However, t h e r e has been a tendency over 

r e c e n t y e a r s t o use Arabidopsis i n r e s e a r c h p r o j e c t s w i t h o u t 

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