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Abstract

The expression of the genes for the small subunit (SSU) of
ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco),
alcohol dehydrogenase (Adh) and lectin in the white clover
plant was investigated by Northern analysis, using
heterologous plant probes. SSU was shown to be expressed in
the leaves/stems, Adh in the roots and lectin in both the
leaves/stems and the roots of the mature plant.

A series of independent, white clover, leaf/stem and root
cDNA libraries was constructed in the lambda vector Agtl0
from polyadenylated messenger RNA isolated from mature
plants. A number of SSU and Adh cDNA clones was isolated from
these 1libraries and the inserts from these clones were
characterized by restriction enzyme mapping and DNA sequence
analysis. These clones included a partial SSU cDNA clone from
a leaf/stem library and a full length Adh clone from a root
library. Two uncharacterized lectin cDNA clones were also

isolated from each of the leaf/stem and root cDNA libraries.

A fully-representative genomic library was constructed in the
lambda vector AEMBL3 from total white clover DNA. This
library was screened with the previously isolated white
clover SSU and Adh cDNA clones. One SSU and three Adh genomic
clones were isolated and the inserts from these clones were
characterized by restriction enzyme mapping and Southern
blotting. Restriction fragments, to which the corresponding
cDNA probe hybridized, were subcloned and characterized by
additional restriction enzyme mapping and DNA sequence
analysis.

The one SSU genomic clone represented a functional white
clover rbcS gene, corresponding to the white clover SSU cDNA
clone, and was complete with 5’ and 3’ non-transcribed
regions. Conserved sequences were identified in this gene
that have been implicated in the regulation of plant gene

expression in general and the regulation of rbcS genes in
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particular. The three Adh genomic clones represented
different, non-functional, white clover Adh pseudogenes, each

with regions of strong homology to only limited regions of
the white clover Adh cDNA clone.



List of Publications

Data from this work have been published in part in the

following papers:

Ellison, N.W., Yu, P.L., and White, D.W.R. (1990a) .
Nucleotide sequence of a white clover ribulose
bisphosphate carboxylase small subunit gene. Nucl. Acids
Res. 18, 4914.

Ellison, N.W., Yu, P.L., and White, D.W.R. (1990b) .
Nucleotide sequence of a white clover alcohol
dehydrogenase cDNA. Nucl. Acids Res. 18, 4913.



Acknowledgements

I wish to thank my supervisors, Dr P.L. Yu and Dr D.W.R.
White, for their continued support throughout the duration of
this study.

I am indebted to Dr W.D. Sutton for my introduction to plant
molecular biology and to Dr J.P. Kerr, Director, Plant
Physiology Division, and Mr J.A. Lancashire, Director,
Grasslands Division, DSIR, for allowing that  Dbrief
introduction to develop.

Thanks are also due to my fellow Molecular Biologists in the
Palmerston North research community, and in particular to Dr
G. Limsowtin, Dairy Research Institue, and Dr B. Mansfield,
Massey University, for their helpful suggestions and
technical advice on many aspects of molecular biology
throughout the course of this study.

The assistance of Mr P. Spring (DSIR) with the photography,
Mr H. Coenders (DSIR) with the growth of white clover plants
in the glasshouse, and Mr C Tunnicliffe (DSIR) with keeping
various items of equipment going, is gratefully acknowledged.



Table of Contents

Abstract

g

List of Publications v

Acknowledgements vi

Table of Contents vii

List of Figures Xiv

List of Tables xviii

Abbreviations Xix

Chapter 1. Introduction 1

1.1 White clover il

1.2 Plant genome organization 2

1.3 Structure and expression of plant genes 4

1.3.1 RNA polymerases S

1. 382 Transcription initiation S

1.3.3 Gene regulatory sequences 7

1.3.4 Gene IMEronsi ~ » s w 3 « = & = = & = & 8

1.4 Structure of plant mRNAs . . . . . . . . . . 10

1.5 Regulatory signals on plant mRNAs . . . . . . 11

5% 1 Translation initiation . . . . . . . 11

1.5.2 Polyadenylation . . . .+ « « « o« +« & 12

1. Codon usage in plant genes . . . . . . . . . 13

1. Ribulose-1, 5-bisphosphate carboxylase g m B 14
0. Wexl! Role of ribulose-1,5-bisphosphate

carboxylase T 14

L7 w2 Synthesis and structure of Rubisco . 14

1.7.3 Organization and structure of rbcS genes 15

1

1
1
1

7
o U
7

B/

.3.1 Petunia (15); 1.7.3.2 Tomato (16);
.3.3 Potato (16); 1.7.3.4 Tobacco (16);
.3.5 Pea (17); 1.7.3.6 Soybean (17);
.3.7 Arabidopsis (17); 1.7.3.8 Lemna



Chapter
2.1

viii
(17); 1.7.3.9 Wheat (18); 1.7.3.10 Maize
(18); 1.7.3.11 Intron positions (18).

1.7.4 Regulation of Rubisco gene expression 19
a7 .S RbcS upstream regulatory elements . 19
1.7.5¢1 Box I [{20); 1.7.5.2 Box I1 H{20)
1.7.5.3 Box III (22); 1.7.5.4 G box and I
box (22).
1.7.6 Conservation of rbcS regulatory elements 22
1.7.7 Organ-specific expression of rbcS . 23
Alcohol dehydrogenase in plants . . . . . . . 23
1.8.1 Regulation of plant Adh gene expression 24
1.8.2 Adh upstream regulatory elements . . 26
Aim of this study . . . . . . . . . . . . . . 47
2. Materials and Methods . . . . . . . . . . 28
Germination and growth of white clover . . . 28
el .11 Germination of white clover seeds a 28
2.1.2 Growth of white clover . . . . . . . 28
2.1.3 Harvesting of white clover plants ‘ 29
Isolation of total RNA from white clover tissues 29
221 Phenol extraction procedure v & 3 3 29
2.2 .2 Guanidine hydrochloride procedure : 30
Isolation of Poly(A)" RNA . . . . . . . . . . 31
2.3.1 0ligo (dT) cellulose chromatography . Shl.
2%:8 . 2 Regeneration of oligo(dT) cellulose 33
Synthesis of double-stranded cDNA . . . . . . BE
2.4.1 First Strand cDNA Synthesis o e 3¢
2.4.2 Second Strand cDNA Synthesis . . . . B
2.4.3 Filling in reaction T 3¢
2.4.4 Phosphorylation of EcoRI linkers : 3r
2.4.5 Methylation of EcoRI sites 3t
2.4.6 Ligation of linkers 3
2.4.7 Digestion with EcoRI " 3
244 .8 EcoRI digestion of Agtl0 DNA . . . . 4
2.4.9 Removal of excess linkers 4
2.4.10 Ligation of cDNAs with vector DNA . 4
2.4.11 In vitro packaging of Agtl10/cDNA hybrids 4



ix

2.4.12 Assay of cDNA libraries s w om xS ow 43
2.4.13 Amplification of cDNA libraries _— 43
2.4.14 Plating out A phage . . . . . . . . 44
Growth of Agtl0 . . . . . . + v v v « v « . . 45
2Ag5% 1 Preparation of Agtl0 plate stock . . 46
2.9.2 Preparation of Agtl10 . . . . . . . . 46
258 Purification of Agtl0 . . . . . . . 47
2.5.4 Extraction of Agtl0 DNA . . . . . . 48
Screening of white clover cDNA libraries . . 49
20161 Plating out cDNA libraries . . . . . 49
2.6 .2 Primary screening of cDNA library : 50
2.6.3 Secondary screening of positive cDNA
fhgolates » w = w # = = ® ¥ % & » % 50
Plaque purification of isolates s 51
G Amplification of positive isolates . 52
.6 Small-scale liquid 1lysates of positive
Isolatels « = s « s & & % & & & % & = 52
2.6.7 Purification of A DNA from liquid
lysates e 58
2.6.8 Replica filters for plaque hybridization 54
2.6.9 Plaque hybridization . . . . . . . . 59
2.6.10 Development of autoradiographs . . . 57
Isolation of DNA from white clover . . . . . 57
2 ™1 Freeze drying white clover seedlings 58
2.7.2 DNA isolation - Method 1 . . . . . . 58
2 .8 DNA isolation - Method 2 . . . . . . 59
2187k Purification of plant DNA on CsCl
gradients T S 61
Construction of white clover genomic library 62
2.8.1 Optimization of Sau3A partial digestion 62
2 882 Large-scale partial Sau3A digestion 63
28 .8 Size fractionation of DNA in a velocity
gradient . . . . . . . . 0 0 . e e 64
2.8.4 Ligation of size fractionated DNA with
AEMBL3 arms . . . + & « & & « o o . 65
.5 In vitro packaging of ligated DNA . 66
.6 Assay of gene library T 66



.10

.11

.12

.13

.14

X

2.8.7 Amplification of gene library T T 66
Preparation of plating bacteria . . . . . . . 67
2.9.1 2x concentrated plating bacteria . . 67
2.9.2 Non-concentrated plating bacteria . 68
Screening of white clover gene library . . . 68
2.10.1 Plating out the gene library . . . . 68
2.10.3 Primary plaque hybridization . . . . 68
2.10.4 Plaque purification of positive isolates 68
2.10.5 Plate stocks of positive isolates . 70
2.10.6 Large—-scale 1liquid 1lysates of positive
isolates . . . .+ .+ .+ o 4 o e e e 71
2.10.7 Isolation of phage DNA from large-scale
liquid lysate @ % o % m owm % w m 71
2.10.8 Small-scale liquid lysates of positive
ISOlLBEES:. » s » % = % « = % = & & % » 73
2.10.9 Isolation of phage DNA from small-scale
liquid lysate : & % & & & & ® W 5 & 78
Agarose gel electrophoresis . . . . . . . . . 74
2.11.1 Alkaline agarose gel electrophoresis 719
281 .2 Gel electrophoresis of RNA . . . . . 76
2.11.3 Analytical gel electrophoresis of DNA 77
2.11.4 Photography of agarose gels v W oW @ 79
2.11.5 Preparative electrophoresis of DNA . 80
2.11.6 Determination of fragment sizes . @ 81
2 #sl 7 Purification of DNA from 1low melting
temperature agarose e v e m o = w8 81
Transfer of RNA and DNA to solid supports . . 83
2.12.1 Northern blotting S 83
292 . 2 Southern blotting onto nitrocellulose 83
2.12.3 Alkaline Southern blotting % W ® 84
2.12.4 Capillary transfer . . . . . . . . . 84
2.12.5 Bidirectional Southern blotting . . 85
Northern and Southern blot hybridizations . . 87
2.13.1 Northern blot hybridization o w @ 87
2.13.2 Southern blot hybridization @ & ® 88
2.13.3 Removal of probe from blots i w5 @ 90

Labelling of DNA . . . . . . . « « v v « « . 90



. 155

.16

.17

X1

2.14.1 Nick translation . . . . . . . . . . 90
2.14.2 Denaturation of probe R 92
2.14.3 PEI-cellulose chromatography . . . . 92
Subcloning DNA fragments . . . . . . . . . . 93
2.15.1 Digestion of plasmid vector DNA . 94
2...1.55,2 Ligation of cloned DNA with vector DNA 94
2.15.3 Preparation of competent E. coli cells 95
2.15.4 Transformation of E. coli ¥ & 8 % % 96
2,455 Selection of transformants . . . . . 97
2.15.6 Characterization of transformants ‘ 97
2.15.7 LiCl-boiling method for plasmid mini-
preps T - A R G 98
2.15.8 Storage of recombinant clones 7w % o8
Large-scale plasmid DNA preparation . . . . . go
2.16.1 Plasmid DNA isolation by alkaline lysis -
Mphedh™l & . ¢ . . . @ « « ! « . = = 99
2.16.2 Plasmid DNA isolation by alkaline lysis -
Method. 2 . . . . . . & & 5 % 2 & % @ 101
2.16.3 Plasmid DNA purification by PEG
precipitation e e e e e e e e e 102
2.16.4 Plasmid DNA purification by CsCl gradient
centrifugation . . . . . . . . . . . 102
Generation of deletion derivatives for
SETUENCING .« » « % & ® ® « « « « » = 104
2.147. 1 Unidirectional digestion with Exo III 104
AR Filling-in with a-phosphorothioate deoxy-
nucleotides e e e e e e e e e 107
2.17.3 Fractionation of Exo III-digested DNAs 108
2.17.4 Transformation of E. coli with Exo III
plasmid derivatives N 108
2.17.5 Digestion with Bal3l . . . . . . . . 10¢
2.17.6 Elution of DNA fragments from agarose 111
2.17.7 Preparation of plasmid vector for cloning
Bal3l-digested fragments . . . . . . 111
2.17.8 Ligation of Bal3l-digested insert
fragments with plasmid vector . . . 11.
2.17.9 Transformation of E. coli with Bal3l



N NN

.18

. g
.20
.21
.22

xii

plasmid derivatives 5 & @ & w ow @ 112
2.17.10 Characterization of Exo III and Bal3l
deletion derivatives . . . . . . . . 113
DNA sequencing of plasmid DNA . . . . . . . . 1513
2.18.1 Preparation of template DNA by alkaline
lysis S @ m e [ e ke e e e e e e 113
2.18.2 Preparation of template DNA by boiled
Igisid & w a % =  # % » &« 2 » * =% 115
2.18.3 Alkali denaturation of template DNA 15.S
2.18.4 Annealing of sequencing primer and
denatured template S R e ST« 116
2.18.5 Sequencing with T7 DNA polymerase : 117
258 .6 Sequencing with Tag DNA polymerase . 118
2.18.7 Preparation of sequencing gels . . . 119
2.18.8 Denaturing gel electrophoresis . . . 121
2.18.9 Fixing, drying, and autoradiography of
sequencing gels e e e e e e e e 122
2.18.10 Resolution of band compressions x @ 128
2.18.11 Handling of sequence data R 124
2.18.12 Sequence alignment . . . . . . . . . 124
Restriction enzyme digestion of DNA . . . . . 125
Spectrophotometric quantitation of DNA and RNA 125
Ethanol precipitation of DNA . . . . . . . . 126
Buffers and solutions . . . . 4+ « + s & s & 126
21212 .1 Buffer saturated phenol v ® ow w e b 127
2.22.2 Phenol/chloroform : s « &« « @« & @« @ e
2.22.38 Chloroform i & = & @ 5 & © & % # ® @ 127
2.22.4 BE ¢ o % 3% & w & 8w om S E om & B @ 127
2:.22.5 20% SB8C : i % s ® 5 % ¥ A & & & % 3 127
2.22.6 10% SDS T L T 127

Chapter 3 Results and Discussion:

RNA

w w w w

2
.3
4

ol

Analysis and cDNA Cloning . . . . . « « « « « « . 129
Isolation of white clover RNA . . . . . . . . 129
Northern blot analysis of leaf/stem and root RNAS&30
cDNA synthesis . . . . . . . . .+ . .« o o . . 131
Construction of cDNA libraries in Agtl0 . . . 139



w W w w
o J o O

3.10
B.1R

xiii

Isolation of white clover SSU cDNA clones . . 141
Isolation of white clover Adh cDNA clones . . 147
Isolation of white clover lectin cDNA clones 150

Subcloning Agt10/cDNA inserts into plasmid
VIiCCEOBS! & a'f o o « o s ® w w & = B o« o m ow W51
Restriction enzyme mapping of Adh cDNA clones
PTrA45 and pTrAS58 . . . . .+ + v v « v « o« « 153
Sequence analysis of the white clover SSU cDNA 153
Sequence analysis of white clover Adh CcDNA
CIORESI 4 o« w x w =« w & ® ® = % & ® # ® @ o o8 158

Chapter 4. Results and Discussion:

DNA Analysis and Gene Cloning . . . . . . . « « « « . 167
4.1 Isolation of white clover DNA . . . . . . . . 167
4.2 Restriction enzyme digestion of white clover DNA168
4.3 Southern blot analysis of white clover DNA . 168
4.4 Preparation of white clover DNA for cloning . 170
4.5 Construction of a white clover genomic library 171
4.6 Amplification and analysis of a white <clover

FOROMisC) IEBEAEY . . . . o - 5 % 5 = & % = = 174
4.7 Isolation of a white clover SSU genomic clone 175
4, Isolation of white clover Adh genomic clones 181
4. Subcloning fragments from AEMBL3/genomic clones
into plasmid vectors . . . . . . . . . . . . 186
4.10 Sequence analysis of the white clover small subunit
genomic clone . . . . ¢ v 4 4 e e e e e e e . 186
4.11 Comparison of the white clover rbcS sequence with
other rbcS sequences . . . . « « « « « « .« . 191
4.12 Analysis of white clover rbcS 5’ sequences . 202
4.13 Sequence analysis of the white clover Adh genomic
CILORMES, & o w = ® = @« ® = o = o ®» ‘o % & & @ = 203
Chapter 5. General Discussion . . . . . . + « « « . . 221

Chapter 6. Bibliography . . . . . . . . . .« .« .« « . . 227



List of Figures

Figure 1.1. Schematic representation of the main structural
features of the pea rbcS-3A gene . . . . . . . . . . 5
Figure 1.2. Nucleotide sequence of the pea rbcS-3A upstream
YEION v v v 4t e e e e e e e e e e e e e e e e 21
Figure 1.3. Nucleotide sequence of the maize Adh-1S
upstream region . . . . . ¢ v v v e e e e e e e e 27
Figure 2.1. Capillary transfer of RNA or DNA from an
agarose gel to a nitrocellulose or nylon membrane . 85
Figure 2.2. Bidirectional <capillary transfer of DNA
fragments from an agarose gel to duplicate membranes 86
Figure 3.1. Hybridization of a petunia SSU cDNA probe to a

Northern blot of white clover mRNA . . . . . . . . 132
Figure 3.2. Hybridization of a pea Adhl cDNA probe to a

Northern blot of white clover mRNA . . . . . . . . 133
Figure 3.3. Hybridization of a pea lectin cDNA probe to a

Northern blot of white clover mRNA . . . . . . . . 134

Figure 3.4. Trial first and second strand cDNA synthesis
reactions - two-step protocol . . . . . . . . . . . 135
Figure 3.5. Trial first and second strand cDNA synthesis
reactions - one-tube protocol . . . . . . . . . . . 137
Figure 3.6. First and second strand cDNA reactions from
white clover poly(A)* RNAs using the one-tube protocol 138
Figure 3.7. Primary screening of a white clover leaf/stem
cDNA library with a petunia SSU cDNA probe . . . . 142
Figure 3.8. Secondary screening of putative white clover
cDNA phage isolates . . . . . . . . .« .+ . o . . .. 143
Figure 3.9. Plaque purification of putative white clover
CGDNA ismlab&@s . . . .« « + + ¢ % & 5 & % % ® ® & @ & 144
Figure 3.10. Gel electrophoresis of digests on a 0.7% gel
and Southern blot of a white clover SSU cDNA isolate 146
Figure 3.11. Restriction enzyme map of the insert of ATrS2,
a white clover/Agtl0 Rubisco SSU cDNA clone . . . . 147
Figure 3.12. Gel electrophoresis of digests on a 2% gel and
Southern blot of white clover Adh cDNA isolates . . 149
Figure 3.13. Restriction enzyme maps of the inserts of
white clover/Agtl10 Adh cDNA clones . . . . . . . . 15%



XV

Figure 3.14. Gel electrophoresis of digests on a 0.7% gel
and Southern blot of white clover lectin cDNA isolates
from leaf/stem and root cDNA libraries . . . . . . 152

Figure 3.15. Restriction enzyme map of the inserts of

pTrA45 and pTrA58 white clover Adh cDNA subclones . 154
Figure 3.16. Restriction map and sequencing strategy of
clone PTES20I . L . .« . . 4 e w5 s % e e om owm s 155
Figure 3.17. DNA sequence of white clover SSU cDNA clone
PTES2D0 . . . . . ¢« . o & % ® % % » @& » o o o o o o 155
Figure 3.18. Comparison of the white clover and petunia SSU
CDNA SEqUENCES &« v v v =« & o« o o o o o o o« o o o 156
Figure 3.19. Comparison of the white clover and pea SSU
CDNA SEeqQUENCES « + + v v v v o o o o o o o o o o« 157
Figure 3.20. DNA sequence of the white clover Adh cDNA
ElLENEePRERLS . . @ 5 » » ® 3 % ¥ & B « « . ow w® W W 159

Figure 3.21. Comparison of the white clover and pea Adh
CDNA SEQUENCES. v « «v v v v v « o o « o « o o o o« 161
Figure 3.22. Comparison of the white clover and maize Adh
CDNA coding sequences. . . . + « « « o o o 4« 4 . . 164
Figure 3.23. Comparison of the 3’ sequences of the white
clover Adh cDNA clones pTrA45 and pTrA52. . . . . . 166
Figure 4.1. Gel electrophoresis on a 0.7% agarose gel and
Southern blot of white clover DNA digests probed with the
insert from the white clover SSU cDNA clone, pTrS20 169
Figure 4.2. Trial digests of white clover DNA with varying
concentrations of Sau3A electrophoresed on a 0.3% agarose
(o= T 172
Figure 4.3. Gel electrophoresis on a 0.3% agarose gel of
white clover DNA partially digested with Sau3A and frac-
tionated by velocity gradient sedimentation . . . . 173
Figure 4.4. Typical primary screening of the white clover
genomic library with a white clover cDNA probe . . 177
Figure 4.5. Typical secondary screening of a primary white
clover genomic library isolate . . . . . . . . . . 178
Figure 4.6. Gel electrophoresis on a 0.7% agarose gel and
Southern blot of digests of the white clover SSU genomic
clone, ATrS64 . . . . . © v v v v e e e e e 179



xvi

Figure 4.7. Restriction enzyme map of the insert from the
white clover SSU genomic clone ATrS64 . . . . . . . 180
Figure 4.8. Gel electrophoresis on a 0.7% agarose gel and
Southern blot of digests of the white clover Adh genomic
clones o « s s % @ & ® % ¥ B ¥ s w ow w ® @ m W w8 182
Figure 4.9. Restriction enzyme map of the insert from the
white clover Adh genomic clone ATrAll . . . . . . . 183
Figure 4.10. Restriction enzyme map of the insert from the
white clover Adh genomic clone ATrAl2 . . . . . . . 184
Figure 4.11. Restriction enzyme map of the insert from the
white clover Adh genomic clone ATrA22 . . . . . . . 185
Figure 4.12. Nucleotide sequence of the insert from the
white clover rbcS clone, pTrS640 . . . . . . . . . 187
Figure 4.13. Sequence comparison of part of the SSU genomic
clone, pTrS640, with the complete sequence of the SSU
EBNA | clidnE, IPTES20 < « a2 = & w w & = @ @ @ @ & % ® 189
Figure 4.14. Comparison of rbcS gene coding sequences from
various higher plants « « « « s & = = s % » % ® » s 192
Figure 4.15. Dendrogram of the rbcS sequences used in the
multiple sequence alignment presented in Figure 4.14 201
Figure 4.16. Conserved sequence elements identified
upstream of the white clover rbcS gene . . . . . . 203
Figure 4.17. Nucleotide sequence of the insert from the
white clover Adh genomic clone, pTrAll0. . . . . . 206
Figure 4.18. Nucleotide sequence of the insert from the
white clover Adh genomic clone, pTrAl31l . . . . . . 207
Figure 4.19. Nucleotide sequence of the insert from the
white clover Adh genomic clone, pTrA230 . . . . . . 209
Figure 4.20. Sequence comparison of selected regions of
each of the inserts from the white clover Adh cDNA clone,
pTrA45, and genomic clone, pTrAllO0 . . . . . . . . 211
Figure 4.21. Sequence comparison of selected regions of
each of the inserts from the white clover Adh cDNA clone,
pTrA45, and genomic clone, pTrAl31 . . . . . . . . 218
Figure 4.22. Sequence comparison of selected regions of
each of the inserts from the white clover Adh cDNA clone,

pTrA45, and genomic clone, pTrA230 . . . . . . . . 214



xvii
Figure 4.23. Comparison of the sequences of exons 3, 4, 5,

6 and 7 of the pea Adhl gene with homologous regions of
the three white clover Adh genomic clones . . . . . 2155



List of Tables

Table 1.1. Haploid genome size in various plants and the

proportion of repetitve DNA in each genome. . . . . . 4
Table 2.1. Cesium chloride solutions for A step gradient 48
Table 3.1. Yields of RNA from white clover. . . . . . 130
Table 3.2. Assay of white clover cDNA libraries before and

after amplifiCRAEION . « & & & & o o o o o o o & & i@ 139
Table 3.3. Insert sizes of random cDNA isolates from root

and leaf/stem cDNA libraries . . . . . . . . . . . 140
Table 3.4. Identities of white clover cDNA clones subcloned

into the plasmid pPGEM-3Z. . . . . . . +« « v « « « . 1513

Table 4.1. Insert sizes of random isolates from the white
clover genomic library . . . . . . « « « « + « . . 174

Table 4.2. Identities of plant rbcS gene sequences used for
the multiple alignment presented in Figure 4.14 and the

dendrogram presented in Figure 4.15. . . . . . . . 198



Abbreviations

The following abbreviations have been used in this thesis:

A
Adh
ASCII
bp
BSA
cDNA
ddNTP
dNTP
DTT
kb

LB
mw
PEG
pfu
rpm
Rubisco
SSU

U

absorbance

alcohol dehydrogenase

American Standard Code for Information Interchange
base pair

bovine serum albumin

complementary DNA

dideoxynucleoside triphosphate

deoxynucleoside triphosphate

dithiothreitol

kilobases

Luria-Bertani medium

molecular weight

polyethylene glycol

plaque forming units

revolutions per minute

ribulose-1, 5-bisphosphate carboxylase/oxygenase
small subunit of Rubisco

units

Abreviations not included in this list are either defined

where appropriate in the text or are in accordance with
"Instructions to Authors", Biochem. J. 241, 1-24, (1987).



