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ABSTRACT

A ¢cDNA library was synthesized using poly(A)* RNA purified from the total
RNA from roots of pea (Pisum sativum L.). Ten representative clones encoding
abundant root proteins were isolated from the library after screening using colony
hybridization methqd-which were probed by the root cDNAs. Freeze elution tech-
nique was used to extract three different partial pea root-specific genes which have
been cloned in plasmid vectors pUC18 previously. These purified DNAs were ra-
diolabelled and then used to probe with the library. One of the probes namely
pPR179 was found to be highly specific and hybridized strongly to some of the
root cDNA clones. This allowed full-length cDNAs that encoded root-specific pro-
tein(s) to be identiﬁ‘ed for subsequent analysis. Restriction patterns of the pea
root cDNA-plasmid pUC19 recombinants revealed some artefactual cDNAs were

synthesized and possible explanations were attempted.
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ABBREVIATIONS

The abbreviation used throughout the dissertation are based on those that
recommended by the Biochemical Society (1983) in the Biochemical Journal " Pol-
icy of the Journal and Instruction to Authors”, volume 209, pp. 1-27. Notations

that have been used but not listed in the Biochemical Journal are given below.
bp: base pairs

kb: kilobase pairs

cDNA: complementéry DNA

ss/ds-cDNA: single—strandéd/doﬁble stranded cDNA
mRNA: mgssége RNA

tRNA: transfer RNA

dNTPs: deoxynucleoside triphosphates

poly(A)* RNA: polyadenylated RNA

BSA: bovine serum albumin

SDS: sodium dodecyi sulphate

SSC: saline sodium citrate
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INTRODUCTION



CHAPTER 1.

INTRODUCTION

1.1 General Introduction’

Peas (Pisum sativum L.) constituted one of the four most important seed
legumes. It was grown most extensively in cool coﬁntries, flourishing in northern
Eurépe, parts of Russia and China'and the northwestern USA, though also having
an important role at high altitudes in the tropics and as a winter crop in some
hotter regions. As such, the crop consfituted an important source of protein for
A human consumption. Traditionally, the crop has been grown for harvesting E.LS
fresh peas or as a dry mature product but, in many area of the world, the use of
the crop has changed materially. A substantial proportioﬁ of the crop grown in
northern Europe and North America was harvested as immature peas for freezing;
this product has become one of the most important ‘convenience protein foods’

demanded by the twentieth-century people (Davies 1976).

The heterogeneous proteins contained in pea seeds were used as storage re-
serves for the germination of seeds. They, as well as many other legumes and
cereals seeds storagé proteins, represented a very large protein-synthesizing capac-
ity in nature that provided a significant mitrogen stores as a main protein source
for 1ﬁ1ma.n and animal nutrition. There were some good reviews concerning the
storage proteins in seeds that no detail elaboration was necessary here (Gatehouse

et al., 1984; Higgins 1984; Payne and Rhodes 1982; Derbyshire et al., 1976).



The economic importance of legume seed proteins to human were unquestion-
able. The large proportion of food for mankind consumption in well-developed
countries were derived from animals reared on diets enriched with legume (also
cereal) seed proteins, whereas in deveioping countries, they were nearly the only
protein component in people’s daily diet (Payne 1983). Except the momentous
nutritional role played by. seed proteins nowadays, they also function as food ad-
ditives during food processing by providing proper;cies like texture improvement
‘and emulsion stabili{.y. Although most of the legume seed proteins were highly
consu.mable (ranging from 5% to 50% of total dry seed weight), their quality were
generally poor because they tended to be deficient in methionine and cysteine (Burr
1975; Eggum and Beames 1983). Besides, their poor digestibility and the presence
of toxic or anti-nutritional/metabolic components were factors that prevent them
from becoming nutritionally excellent proteins ( Gatehouse 1984a; Pusztai et al..

1933).
1.2 Application of Genetic Engineering to Plant Biotechnology

Because of the problems existed in legume proteins, attempts were made to
improve their nutritional and functional qualities. Plant breeders have sought to
introduce high-yielding and high-quality varieties that also carried the appropnate
resistance to certain diseases and adverse climatic conditions through conventional
plant breeding by transferring genes between different plant species. Until the past
decades, rapid progress was being made in developing the tools for manipulating
genetic information in plants by genetic engineering/recombinant DNA technology
(Barton and Brill, 1983; Cocking et al., 1981). Plant genes were being cloned (Old

and Primrose, 1986), genetic regulatory signals deciphered, and genes transferred
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from similar or even entirely unrelat-éd organisms (e.g. bacteria) to confer new agri-
cultural useful traits on crop plants like legumés and cereal (Cocking and Davey
1987). These significantly increases the gene pool accessible for crop improve-
ment (Goodman et al., 1987) and assisted ‘ghe understanding of their physiological

mechanisms in molecular level.

The developmént of plant genetic engineering de‘spite,the apparent success of
.traditional plant breeding programmes was indispensable because the latter suf-
fered from several disadvantages. For instance, long testing and cultivation time
(12 genérat'ions of Backcrossing) were needed together with a following of a suc-
cessful hybridization of two varieties was essential. Also, only limited gene pool
was available by the range of plants with which they were sexually compatible if
only sexual hybridization between them were undergone for qualities improvement.
Moreover, the increase in crop yield would sooner or later slowed down to plateau,
after thé maximum productivity had been achieved, provided that the improve-
ment of the crop plants was merely by shuffling the existing available characters.
Finally, intensive care and accurate timing such as well-planned application of
fertilizers, pesticides, herbicides and plant growth regulators were important in
c.u]t,i\'fa.i.ing; modern high yielding varieties. These were always costly to farmers
and also a dram on energy sources and a potential source of pollutant (Shaw 1934;
Mantell et al.,1985). The elucidation of the molecular basis of genetics and the

progress in recombinant DNA technology promised the ability to make controlled

changes to the genetic complement of plants.

11



1.3 The Study of -Peas: From Cotyledons to Roots

Despite the advent 1n reéombinant DNA technology and molecular biology,
many traits that were of interest to plant scientists/breeders were poorly under-
stood in.terms of molecular basis. However, one exception was the seed storage
proteins (e.g. peas) which have been intensively investigated with the aid of ge-
netic engineering techniques (Sorenson 1984; Gatehouse et al., 1984; Larkins 1983,
Brown et al., 1982). It was because each seed storage protein was the product of
a single 61‘ a small family of genes. They were tissue specific and stage specific
(under strict developmental control) so that those genes were only transcribed in a
speciﬁc time during seed development. Based on these characteristics, the studies
on pea seed st.orage proteins could be undertaken without affecting the plants’
normal metabolism provided that the genes encoding the storage proteins were
cautiously handled. Such advantage together with the economic importance of
the seed proteins to human contributed to their intensive study throughout the

past decade.

Since much of the early work on seed storage proteins were done, their struc-
tures, biosyntheses, role-played in seeds as well as the evolution of their encoding
genes were, though not of 100%, being revealed tremendously. Thus it was a good
idea to relocate the strategic point of research to some other part(s) of the plants.

The roots of pea then came to one of the choices.
1.3.1 Nitrogén-ﬁxing Ability

It was because the roots of pea (leguminous plant) possessed nitrogen-fixing

nodules induced by different strains of the bacterium Rhizobrum through their
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symbiotic partﬁership. Legumes could grow well without the addition of expen-
sive nitrogen _fert:ilizers as long as they were infected with the correct strain. By
s‘?udying thé mechanisms and relationship between legumes’ roots and Rhizobium
in molecular level, it was possible to manipulate the nitrogen-fixing bacteria or
their genes to alter other arable crops so that they became capable to fix their
own nitrogen without too great a drain on photosynthates to provide the neces-
s.ary energy (Gutschick 1980). The lack of knowiedges on Iiodule-speciﬁc proteins
‘in host plants. (e.g. leghaemoglobin, glutamine synthetase, uricase and xanthine
dehydrogenase, etc.)' encoding by specific genes. could be further investigated us-
ing pea roots as a model. Downie et al. (1984) cloned nodulation genes of R.
leguminosarum that Qormaﬂy nodulated pea have been transferred to R. phaseol
(normally nodulated bean) that the latter then nodulated pea. Despite the appar-
ent c.omp.lexity of the nodulation sequence and symbiotic relationship, relatively
few bacterial genes (10 kb) were required. Therefore, with the further studies on
pea I;OOtS’ An.od'ules and Rhizobium, expansion of the host range of symbiosis to

crops other than legumes is not impossible (Jones 1986).
1.3.2 Uptake of Nitrates and Other Solutes

For 1110§t of the crops, a linear increase in yield with increased nitrogen ap-
plication was found. Hence the improvement of nitrates (or even phosphate and
' potéssium) utilization by plants by manipulating the roots’ uptake and transport
parameters could bé done, via the gene cloning of nitrate and nitrite reductase.
Certain improvement in added nitrogen fertilizer utilization by recently bred ce-
reals was reported by Bingham (1931), it is the time to extend such [;1‘0g1'ess to

leguminous pea plant which were of vital importance to human.
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1.3.3 Pests and Diseases Resistance

Twenty-five nllillion- pounds per annum was spent in the UK on pesticides and
herbicides Vin order to prevent yield losses caused by pests and diseases of agri-
cultural crops. Thus, the breeding for diseases and pest resistance was important
part in plant breeding programmes. However, the continual requirement for new
sources of diseases/pests resistance species-and the possibility that the breeding
might be present in nonagronomic line or sexually incompatible wild type species
could both complicated the matters. Transformation of crop plants with pest and

disease resistance genes were therefore an attractive goal (Shaw 1984; Jones 1986).

Genes or group of genes encoding proteins such as lectins (Gatehouse et al.,
1984a) or enzyme inhibitors (e.g. trypsin inhibitor) (Gatehouse et al.A, 1979), viral
factors or phytoalexins (D{a.y et’ al., 1983), "pathogens-related” proteins (White
and Antoniw 1983; Van Loon 1980) and bacterial insecticidal toxins (Martin and
Dean 1981) such as that produced by Bacillus thuringiensis could be manipulated
and transferred to the desired plants. In case of roots, resistance to insects, nema-
tode pathogens and fungal invasion might be induced by introducing genes whose
products interfered with digestion (e.g. protease inhibitor) or with the nervous
system (e.g. bacteria-derived inhibitors of acetylcholinesterase'). Moreover, if the
plants could b}e induced to have fungicide resistant ability by the cloning of specific
resistant gene(s), fungicides application to eliminate the fungi on root without re-
ducing the crop yield and quality would be more viable. Because of these reasons,
the studies on pest and disease resistance on aerial part as well as the subaerial

part (i.e. the root) of the plants were essential.
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1.3.4 Stress Tolerance

The study of root systems by genetic engineering techniques in molecular ba-
" sis might allow the transferrence of the ability to tolerate environmental stress
from xerophytes or halophytes to crop plants. Proteins involved in biosynthesis
of related furano coumarins and flavanoids that protected plants from excess UV
irradiation (Kruezalar et al.,.1983) as well as heat-shock genes involved in several
multigenic families (Schofll and Key 1983) to against the environmental heat stress
have been investigated. Hence, the other major lstress such as water content in
soil and high salinif_y that encAountered the roots of plants i;ﬂ first hand could be

studied by using suitable root system as a model.
1.3.5 Pea Root-Specific Genes Isolation

Three types of pea root cDNAs inserted into EcoRI sites of plasmid vector
pUC13 namely pPR179 *, lpPR287(A) ** and pPR340t were constructed. They
were all pea root specific as they were selected from those cDNAs showing signifi-
cantly stronger hybridization to a mixture of total pea cotyledons, total pea leaves
and total dark grown pea leaves cDNAs. Such cDNA provided messages expressed
mainly in pea root. The corresponding full length gene was then isolated from a
gene library. After characterizing this gene, the 5’ non-coding region which was
thought to control the activity of the gene could be used to control the activity of
foreign gene(s) inserted back into the original host plant (i.e. pea). This allowed

tissue and probably time-specific expression of any desire gene cloned into the

* 450 bp, hybridized to a mRNA of about 650 bases of moderate abundance.
** subclone of 250 bp insert of pPR287 which had multiple insert hybridized to a mRNA of about

1200 bases of low abundance.
t 480 bp. hybridized to a mRNA of about 3300 bases at very low abundance.
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© sequence.

1.4 Methods in Construction of a cDNA Library

‘The enzymatic conversion of poly(A)* RNA to double-stranded ¢cDNA and
‘the subsequent insertion of this DNA into vector (e.g. plasmid pUC19, phage
Agtll) has become a basic technique in eukaryotic molecular biology. It was the
primary' step in molecular cloning to construct a cDNA library of a particular
poly(A)* RNA before further investigation like DNA sequencing or in vitro muta-
genesis could take place. It enable rapid progress in the study of gene organisation,
structure, and expression (Catterall et al., 1979; Tilgham et al., 1978). A cDNA
library was useful because it contained fewer clones than a complete genomic li-
brary so that screeﬁiné could be done easier. Every ¢cDNA clone contained a
mRNA sequence so that false positive clone could not be selected easily. Besides,
the expression of cloned genes in bacteria to produce eukaryotic proteins was pos-
sible after successful transformation. A cloned ¢cDNA was by far the most suitable
probe for hybridization to eukaryotic DNA because it contained no non-coding
sequence (intron) other than the cloned mRNA sequence. This allowed compari-
son between the nucleotide sequence of genomic DNA and the cDNA copy so that
precise determination of introns position and RNA splicing (Tilgham et al., 1978)
was possible (for reviews see Maniatis et al., 1982; Forde 1983; Williams 1981;

Efstratiacdis and VillaKomaroff 1979).

Different poly(A)* RNA were copied into DNA with different efficiencies.
Hence, the conditions that were optimal for copying one species of poly(A)* RNA

did not guarantee another might work as well. Generally, the conditions that
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lead to thé greatest overall yield of ¢cDNA from a heterogeneous population of
poly(A)* RNA would be employed and the following parameters were important:
(1) The quality and purity of reverse transcriptase (Myers et al., 1980) as well as
DNA polymerase I (Wickens et al., 1978). (2) Optimal maintenance of pH at 8.3
and a suitable concentration of monovalent cation (e.g. Nat/K+*). (3) An opti-
mal concentration (6-10 mM) of Mg?* divalent cation. (4) High concentration of

deoxynucleotide tfiphosphates (‘dNTPs) (Retzel et al., 1980).

A variety of methods has been used to construct dscDNA and linked them to

plasmid vectors and they were well-developed.
1.4.1 Homopolymer Tailing Method of cDNA Cloning

Until recently, this was the most widely used dscDNA preparative method
(Wickens et al., 1978; Buell et al,, 1978). Synthesis of the first cDNA was primed

from oligo-d(T) annealed to the poly-A tail on the 3’ terminus of the poly(A)* RNA

by using the enzyme reverse transciptase. The RNA template was then alkaline
hydrolysed and the second strand synthesis primed from hairpin structures which
were formed at the 3’ terminus of the first strand (Higuchi et al., 1976; Efstratiadis
et al., 1976). Second strand synthesis could be carried out using either DNA
polymerase or reverse transcriptase. The hairpin and ahy ssDNA at the other
end of the cDNA molecules were then cleaved by S1 nuciéase and the dscDNA
could be cloned in the desired vector by homopolymer tailing technique. With the
assistance of terminal transferase (Michelson and Orkin 1982) oligo d(A) sequence
and oligo d(T) sequence (or dC.dG sequence) could be annealed to the cDNA and

the vector so that the recombinant plasmid was constructed (Jackson et. al., 1972;

17



Lobban and Kaiser 1973).

1.4.2 Synthetic DNA Linkers or Adaptors Addition Method of cDNA

"~ Cloning

Synthetic doublg—linke;s (Kurtz and Nicodemus 1981) containing one or more
restricti'on endonuclease recognition site(s) or adaptors (Wu et al., 1978) with
preformed cohesive end might be added to the cDNA using Ty, DNA hgase. The
linkers or adaptors were than cleaved with the appropriate restriction enzyme
and ligated to a plasmid vector that has been cleaved with a compatible enzyme

- (Heynecker et al., 1976, Bahl et al., 1978).
1.4.3 Okayama and Berg Method of cDNA Cloning

dC tailing of ‘SSCDNA followed by oligo dG priming of second strand synthesis
eliminated hairpin formation and the use of S1 nuclease was first reported by Land
et al. (1981). Later, Okayamé and Berg (1982) devised a protocol in which full
length cDNA coﬁld be efficiently cloned without using S1 nuclease since the latter
inevitably clegr‘aded some terminal nucleotides from the dscDNA. Synthesis of the
first strand was primed from an oligo-d(T) covalently attached to one end of the
linearised plasmid. The cDNA was therefore immediately attached to the vector
in the first step of its synthesis. The synthesis of the second strand was not the
next step, instead oligo—d(Q) tails are added to the DNA-RNA duplex. The ohgo-
d(C) tailed end of the plasmid vector, opposite to that joined to the cDNA, was
removed and repla.ceci by a similar restriction fragment tailed with oligo-d(G). The
molecule can then be cyclized. Finally the mRNA was digested from the DNA-

RNA duplex using RNase H. The large gap that was left was repaired using DNA
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polymerase I and DNA 1igase.
1.4.4 Heidecker and Messing Method of cDNA Cloning

Heidecker and Messing (1983) also préposed. an eflicient method for generating
full length cDNA clones. The poly(A)* RNA was annealed to linearised and oligo-
d(T) tailed plasmid DNA, which then primed synthesis of the first cDNA strand
using reverse transcriptase. Oligo-d(G) tails were added to the cDNA-plasmid
molecules, which were then céntrifuged through an alkaline sucrose gradient. This
step removed small molecules, hydrolysed the mRNA and separated the two cD-
NAs which were fOrﬁlly attached .to the same duplex plasmid. Denatured, oligo-
d(C) tailed plasmid DNA was added in excess and conditions adjusted to favour

: circuiarization by the complementary homopolymer tails. The excess oligo-d(C)
tailed plasmid might simply renatured, but could not recircularized. The circular
molecules have a free 3’-‘hy droxyl on the oligo-d(C) tail which .primed second strand
synthesis of the cDNA to create dupléx recombinant plasmids which transformed

E coli. Clones could be obtained with the cDNA inserted in both orientations.

1.5 An Overview of the Method for the Synthesis of cDNA Library

Used in this Project

The method for the synthesis of dscDNA for cloning in plasmid vectors was
adopted from G.ubl‘er and Hoffman (1983). A similar proposal was also available
from: Watson and Jackson (1985). Such method was convenient and eflicient that
offered several advantages over the conventional one (see section 1.4.1). Such
method did not depend on hairpin loop priming, nuclease S1 treatment was there-

fore not necessary and also a high percentage full length ¢cDNA library could
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be constructed (Schneidef et al., 1984;‘ Howells et al., 1984). The first strand
;DNA using _poly(A’)f RNA as a template was catalysed by feverse transcriptase
(see footnote in section 2.2.8). Second strand synthesis was performed using the
mRNA-cDNA hybrids as substrate. By the utilization of E. coli ribonuclease H
(RNase H) which was an endoribonuclease that digested the mRNA in the hy-
brid only (Leis et al., 1973), nicks in the mRNA strand were produced. DNA
polymerase I used these nicks to replace RNA with DNA by nick translation type
reactio.n. -Klenow fragment was then added to remove anj 3’ small overhangs on the
first strand ¢cDNA to ensure they were‘blunt—ended. Afterward, preformed EcoRI
adaptors were ligated with the dscDNA 50 as to prepare the cDNA for insertion
into the site of a suitable plasmid vector. The ¢cDNA produced was then available
for transformation in competent E. coli cells and subseciuent cloning (Efstratiadis
and VillaKomaroff 1979; Young and Davis 1983). Detail procedures of the above
¢cDNA synthesis were available in Pharmacia (1985) and Amersham (1985) cDNA

synthesis kit instruction.
1.6 Methods of Screening a cDNA Library

Once a library was established, the identification and characterization of indi-
vidual plasmid containing specific cDNA sequence was carried out in two distinct
stages. Firstly a broad screen of the complete library to identify colonies likely to
contain recombinant plasmids of interest was carried out, followed by the detailed

characterization of the cDNA inserted into the selected plasmids.

Several primary screening methods were available. Through genetic methods,

selection for the presence of plasmid vectors could be achieved using their drug



resistance ability or nutritional markers. In case of phage vectors plaque formation
was itself the selected property. For certain replacement type X vectors or cosmid
vectors, size selection by the phage particle cou.ld select recombinants (Old and
Primrose 1986). However, if an inserted foreign gene in the desired recombinant
carriedlbiosynthetic gene was expressed, they could be identified by complemen-
tation of nonrevertible auxotrophic mutations in the host strain (e.g. E. colt)’

(Ratzkin and Carbon 1977; Chang et al., 1978).

In situation where expression of cDNA sequences within a cDNA library has
. been soﬁght, immunochemical primary screening could be done using radiolabelled
antibodies (Broom and Gilbert 1978; Dahl et al., 1981; Williams 1981). On a
replica filter contaiming the transformed cells, the colonies were lysed so that the
antigen from the posi.tive colomes could be released. A sheet of polyvinyl coated
with the appropriate unlabelled antibody was applied to the filter. Antigen-
antibody complex were then formed. The sheet Wa-S' removed and exposed to
radiolabelled antibody (e.g. by '%°1) which binded to another antigenic determi-
nant site. Subsequent washing and autoradiography allowed the identification of

positive clones (VillaKomaroff et al., 1978; Young and Davis 1983).

In the absence of expression, the method of Grunstein and Hogness (1975)
was most widely adopted. Possible transformants were picked, placed on gridded
nitrocellulose filter disc and then onto fresh agar containing the appropriate an-
tibiotic. This formed the master plate from which each colony might be replica
plated onto other nitrocellulose filter over-laid on agar plates, grown, lysed with
alkali, and the denatured DNA baked onto the filter (Craig et al., 1981). Once

the colonies have been fixed, the filter might be screened using a variety of radi-
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olabelled hybridization probes, dependent on the circumstance. For example, a
previously cloned DNA fragment, whole genomic DNA, synthetic oligonucleotides
specifying a particular amino acid sequence, RNA or ¢cDNA. In this project, such

colony hybridization protocol using radiolabelled cDNA as probes was employed.

Secondary screening of candidate plasmids from ¢cDNA library required the
identification of the illsefted cDNA sequence such that nucleotide sequence deter-
mination might be performed with confidence. Selected colonies were cultured in
small scale, plasmid DNA were then isolated using alkaline lysis method (Birn-
boim and Doly 1979; Holmes and Quigley 1981) and the size of the cDNA inserts
was determined by horizontal ag-arose gel electrophoresis (McDonell et al., 1977).
Ideally, if the design of the recombinants resulted in reconstruction of restriction
sites at both ends of the inserted cDNA, then the size of the insert might be deter-
mined after restriction by comparative electrophoresis with restriction fragments

of known size (Sutcliffe 1978).

1.7 Aims of the Project

The rationale for this project was to construct -a complete cDNA library of pea
root by a recent innovative method (Gubler and Hoffman 1983; see also section
1.6). Through ligation with appropriate plasmid vector and competent cells trans-
formation, sizing of ¢cDNA inserts by horizontal agarose gel electrophoresis could
be doné The relatively abundant ¢cDNA clones were selected by hybridization
with radiolabelled pea root cDNA probe. The choice of construction of a cDNA

library rather than a genomic library laid on the fact that the former was gener-

ally easier to screen. It was because the cDNA were direct copies of cytoplasmic

[S]
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mRNA transcripts with the absence of introns.

The second part of the project concerned with probing the pea root ¢cDNA li-
bfary with so1:ne prAeviously constructed root specific DNA. Three types of pea root
. ¢cDNA inserts (pPR179, pPRZST(A) and pPR340) in ¢cDNA-plasmid chimaeras
cOrré_sponded.to part of a complete full length pea root DNA were isolated and
fractionatéd. Specific radiolabelled probes were prepared from them and were -
hybridized with the preformed root _(‘.DNA library. The aim was to isolate full
length gene clones that encoded root-specific protein(s), so that further analyses
like their possible functions, characterization of such root-specific gene(s), subse-

quent gene(s) engineering and insertion of foreign gene for expression could be

achieved.
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CHAPTER I1

MATERIALS AND METHODS

2.1 Materials
2.1.1 Biological and Chemical Reagents

Most of the chemical reagents were supplied by BDH Chemicals Ltd., Poole,
Dorset, UK and were of AnalaR ( analytical) grade or the finest available. Some
other biological and chemical reagents were supplied by other major suppliers as

listed below.

Ethyleneglycobis(g-aminoethyl)ether tetraacetic acid (EGTA), acridine orange,
proteinase K, lysozyme, spermidine, bovine serum albumin (BSA), dithiothreitol
(DTT), ampicillin (sodium salt), herring sperm DNA, ethidium bromide (EtBr)

were all supplied by the Sigma Chemical Co., Poole, Dorset, UK.

Guanidinium hydrochloride and guanidinium thiocyanate were supplied by

Fluke Chemie AG, CH 9470 Bucks.

Glyoxal gel and gélbond film were supplied by FMC Bioproducts, ICN Biomed-

ical Ltd., Free Press House, Castle St., High Wycombe, Bucks, HP13 6RN.

Sephadex G-50, Ficoll 400 and cDNA Synthesis Kit were supplied by Phamacia

Fine Chemicals, Uppsala, Sweden.

Yeast extract was supplied {from Bio-Life, Milan, Italy.



Nitrocellulose filters (BA85, 0.45um) were supplied by Schleicher and Schull,

Anderman and Co., Ltd., Kingston—upon—Thames, Surrey, UK.

Oligo d(T)-cellulose (Cat. No. 20002) was supplied by Collaborative Research

Inc., Walthal_n, M.D., U.S.A.

Bactoagar and tryptone were supplied by Difco Laboratories, Detroit, Michi-

gan, U.S.A.
3MM papers were supplied by Whatman Ltd., Maidstone, Kent, U.K.

All the restriction endonucleases were supplied by Northumbria Biologicals
Ltd., Northumbria, UK. and Bethesda Research Laboratories UK. Ltd., Cam-
bridge. UK. The latter one also supplied agarose (gel electrophoresis grade) and

Klenow polymerase.

Tris(hydroxymethyl) aminomethane (Tris), 5-dibromo-4-chloro-3-indoylgalactoside
(X-gal), T, DNA ligase, glycogen and calf intestinal alkaline phosphatase (CIF)
were supplied by Boehringer Mannheim Corporation (London) Ltd., Lewes, East

Sussex, UK.

Plasmids pUC19, pBR322 and recombinant DNA pPR179, pPR287(A), pPR340
and NM258 lambda bacteriophage were supplied by personnel in D2 and C2 lab-

oratories in Botany Department, University of Durham.
2.1.2 Bacterial Strains, Plasmids and Bacteriophage

The bacterial strain employed throughout the project was a derivative of E.

. coli K-12 namely DHb5e.



The plasmid vector used for cloning was pUClQ (Vieira and Messing, 1982;
Norrander et al., 1983) with a size of 2.7kb. It contalined many cloning sites, for ex-
ample, HindIII, Sphl, Pstl, Sall, Accl, Hincll, Xbal, BamHI, Xmal, Smal, EcoRI,
Haelll, etc. Re.combinants could be selected by inactivation of g -galactosidase
gene (white colonies on X-gal medium) and ampicillin resistant. Plasmids could
accept inserts larger than 10kb but transformation efficiency and DNA yield de-
crease (Arraﬁd, 1986). Plasmid pBR322 (Bolivar et al., 1977) was used as a size

marker after being digested with suitable restriction enzyme(s).

~ Bacteriophage lambda NM258 was used as a standard size marker as well after

restricted with appropriate restriction endonuclease(s).
2.2 Methods

2.2.1 Biochemical Techniques

The followings were collection of a set of biochemical techniques that were

frequently used in molecular biology and gene cloning.
1. Glasswares and Plasticwares

All glasswares and plasticwares should be sterilized by autoclaving (20 min
at 120°C) as well as Eppendorf tubes and disposable tips for pipettemans. For
those items that autoclaving was impossible should be sterilized by rinsing in 80%
ethanol and flaming if possible. Or otherwise, sterilized by 1% hot (60-65°C) SDS

and rinsed thoroughly with sterile water afterward.



2. Reagents

All water and solutions used for molecular cloning in which they came in con-
tact with nucleic acids, enzymes, bacteria, etc. should be autoclaved if appropri-
ate. Stock solutions were made up using sterile water under clean conditions. The
growth medium Yeast-Tryptone (YT) broth and Yeast-Tryptone- Ampicillin-X-gal
(YT-amp-X-gal) agar as well as RNase solution (free of DNase) were prepared by

methods mentioned by Maniatis et al.(1982).
3. Purification of Nucleic Acids by Phenol/Chloroform Extraction

The standard protocol to remove proteins from nucleic acids solution was based
on that of Brawerman et al.(1972). "Phenol” meant phenol equilibrated with buffer
containing 0.1% hydroxyquinoline and 0.2% g-mercaptoethanol where ”Chloro-
form” meant a 24:1 (v/v) mixture of chloroform and isoamyl alcohol. Procedures

could be obtained from Maniatis et al. (1982).
4. Concentration of Nucleic acids by Precipitation with Ethanol

The reagents required for precipitation were -20°C absolute ethanol and 3M
ice cold sodium acetate (pH 4.8). The procedures were listed in Maniatis et al.

(1982).
5. Storage of DNA, RNA and Bacterial Strains

DNA and RNA samples could be stored in sterilized TE buffer (10mM Tris.Cl,
pH 7.5; ImM EDTA) or sterile water at -20°C and -80°C respectively. However, for
a longer period of storage, DNA samples should be placed in -80°C freezer whilst

RNA samples should be stored in liquid nitrogen. For the storage of bacteria
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(including bacterial colonies on nitrocellulose filters), they were kept on agar plates
in an inverted manner sealed with Nescofilm at 4°C temporarily. For long term
storage, bacteria strain should be kept in 25% YT-glycerol agar plates. In 500
ml of YT-gl-ycerol agar solution, it contained 343.75 ml distilled water, 156.25 ml
80% glycerol, 2 g of tryptone, 1.25 g of yeast extract, 1.25 g of NaCl and 3.75 g of
bactoaga.r. It should be autoclaved and after cooling down to 55°C, 12.5 mg (1.25
ml of 10mg/ml stock solution) of ampicillin solution was added. Then 20 plates
could be made in lénﬁinar flow. It should be notified that we have to incubate the
master nitrocellulose filters (section 2.2.9) at 37°C for 2.5 hours on Y T-amp-X-gal
agar plate and then transferred to YT-glycerol agar plate for another hour 37°C

incubation before we could preserve them at -20°C.
6. Quantitation of DNA and RNA

Two widely used methods could be employed to quantitate the amount of DNA

or RNA in a preparation (Maniatis et al.; 1982).
A. Spectrophotometric Quantitation of DNA and RNA

By using a PHILIPS PU 8700 Series UV /Visible Spectrophotometer and 1-cm
path length quartz cells, the concentration and the purity of both DNA and RNA

could be estimated after a series of calculation.
B. Ethidium Bromide Fluorescent Quantitation of Double-stranded DNA

Less than 250ng/ml of ds-DNA after appropriate agarose gel electrophoresis

. could be visualized and quantitated under a UV transilluminator.



2.2.2 Preparation of Pea Roots from Pea Plants

The fibrous roots were cut with scissors from the pea plants after growing in
culture fluid for 2-3 weeks. After 100 g of roots in fresh weight were collected, they
were washed with distilled water several Vtime“sAand blotted dry by tissue papers.
After that, they were put into liquid nitrogen to deep frozen quickly and then
wrapped in small batches with known weight in aluminium foil separately. They

were stored at -80°C for RNA extraction later.
2.2.3 Preparation of Total RNA from Pea Roots/Cotyledons
2.2.3.1 Hot SDS/Proteinase K Method

The method was adopted from Hall et al. (1978). In general, 50 g of frozen pea
cotyledons/roots from -80°C freezer were homogenized in 130 ml homogenization
buffer (0.2 M boric acid, 1% SDS, 30mM EGTA, 5mM DTT an.d adjusted to pH
9.0 by NaOH). 0.5 mg of proteinase K per ml of buffer was added to digest the
linearized proteins (including RNase). After the removal of excess SDS by KCl
_precipitation, RNA was insolubilized by LiCl. RNA was then washed and precipi-
tated by ethanol precipitation overnight. It was followed by phenol extraction and

ethanol precipitation again!
2.2.3.2 Guanidinium/Cesium Chloride Method

Guanidinium hydrochloride and thiocyanate (Cox, 1968) dissolved protein
readily and released nucleic acids from nucleoproteins as their cellular structures
disintegrated and the ordered secondary structured lost. Hence, even RNase could

be denatured in 4 M guanidinium thiocyanate {Chirgwin et al., 1979; Ullrich et
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al., 1977; Cathala et al., 1983) and reducing agent g-mercaptoethanol (Sela et al.,,
1957) and then the separation of total RNA from genomic DNA was achieved by

centrifugation through a 5.7 M cesium chloride cushion (Glisin et al., 1974).

7.5 g of thoroughly grinded pea roots was placed in a sterilized (by 1% hot
SDS at 65°C) 100 ml MSE centrifuge tube with 25 ml extraction buffer (4 M
guanidinium thiocyanate, 25mM sodium citrate, pH 7.0; 0.5N-lauroylsarcosine; 0.1
M g-mercaptoethanol). It was then polytron mixed for 20 seconds at maximum
speed with probe and the centrifuge tube being wrapped in Nescofilm. Afterwards,
the probe was washed with 10 ml of extraction buffer to make the final volume
to become 35 ml. The homogenate was spinned at 4°C , 15000 rpm for 30 min
in a MSE 18 centrifuge. The supernatant was then layered equally onto 12 ml
per tube cesium chloride cushion (5.7 M CsCl; 0.1 M EDTA, pH 7.0) in three
23 ml prepspin tubes. They were ultracentrifuged at 30000 rpm at 4°C for 24
hours. The supernatant and the floating debris were removed by water aspiration.
The RNA pellet at the bottom was resuspended in 1 ml per prepspin tube 7.5 M
guanidinium hydrochloride solution (25mM sodium citrate, pH 7.0; 5mM DTT; 7.5
M guanidinium hydrochloride). The solution was transferred to a 30 ml sterilized
Corex tube and was centrifuged for 15 min at 6000rpm. The supernatant was
poured into another sterilized Corex tube carefully. 0.025 volume (about 75ul)
of 1 M acetic acid and 0.5 volume (about 1.5 ml) of cold absolute ethanol were
added and left to precipitate at -20°C overnight. RNA could then be recovered by
centrifugation at 9000 rpm for 15-30 min at 0°C. After washed with 70% ethanol,
recentrifuged and vacuum dried, it was resuspended in 500 ul of 0.1% DEPC-

treated (Ehrenberg et al., 1976) double-distilled water and stored at -80°C.
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2.2.4 Preparation of Polyadenylated RN A from total RNA

The method in 'preparation of polyadenylated RNA - poly(A)*+ was adopted
from M‘aniatisb et al. (1982). Several techniques have been developed to separate
poly(A)* RNA from total RNA and some important points should be taken into
account when considering the method to be used (Maniatis et al., 1982; Taylor,
1979). The method of choice llére was affinity chromatography using oligo d(T)-
cellulose (Edmonds et al., 1971; Aviv and Leder, 1972) which could be obtained
commercially. The poly(A)* RNA was selected by passing the total RNA through
an oligo d(T)-cellulose column twice (Arrand, 1986; Evans et al.,1980) and then
the poly(A)* could be eluted by using a different salt concentration elution buffer

(Craig et al., 1976).
2.2.5 Standard Enzymatic Methods Used in DNA Manipulation
2.2.5.1 Restriction of DNA and Determination of Fragments Size

One of the three buffers namely low salt, medium salt or high salt restriction
bL_lﬂ.'er were used in DNA restriction. The choice of the right buffer was depending
on the requirements of the restriction enzymes used. To obtain good restriction re-
sults usually 3-5 units of the desired restriction enzyme was required to completely
digested 1 ug of DNA sample. 5x or 10x restriction buffer and suitable amount of
sterile water were added to make the buffer concentration reduced to 1x (assuming
a total restriction volume to be 20ul). Besides, 2ul of RNase (10mg/ml) could be
added to digest the RNA (e.g. tRNA) and so as 24l of 0.1 M spermidine which
could enhance the digestive efliciency of the restriction enzymes. They were all

contained in Eppendorf tube, well mixed and briefly spinned down by a bench




centrifuge. Afterwards, the restriction was done at 37°C for at least 2 hours. It
was then stopped by heating at 70°C for 5 min. For every 4ul of DNA sample
1ul of agarose loading dye was added for tracking (for preparation of materials

mentioned above see Maniatis et al., 1982).

When estimation of the DNA fragments was necessary, various standard size
markers for instance, phage lambda NM258 restricted with HindIII, plasmid pBR322
cut with Alu I, etc. could be used. The logarithm (base 10) of fragments’ size (in
bp) of the restricted size marker were plotted against the distance of migration
of each of them. A straight line could be obtained for accurate determination of

dsDNA fragments sized from 100-10000 bp.
2.2.5.2 Ligation Reaction

After suitable restriction, phenol extraction and ethanol precipitation, the
DNA _which was dissolved in appropriate amount (20-100ul) of TE buffer (10mM
Tris.Cl, VpH7.6;1mM EDTA, pH 8.0)/sterile water was ready for ligation reaction
accomplished in vitro through the action of DNA lgase (Engler and Richardson,
1982). At least 1ul of 1u/ul Ts DNA ligase was added to ligate 1ug DNA for 12-16
hours at 15°C (Ferretti and Sgaramella, 1981) in 1x ligation buffer made from a
10x st.oqk solution (Maniatis, et al., 1982). During the ligation reaction ATP was
hydrolysed to AMP and PP (inorganic pyrophosphate) (Weiss and Richardson,

1968) while the phosphodiester bond was generated between 5’-phosphate and

3’-hydroxyl groups. After the ligation, DNA was stored at -20°C.
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2.2.5.3 Dephosphorylation of Plasmid DNA at the 5’ Ends Using

Alkaline Phosphatase

This technique was employed to remove the protruding‘ terminal 5’-phosphates
to, for example, prevent the recircularization of the plasmid DNA (Ullrich et al.,
1977). Calf intestinal alkaline phosphatase (CIP) was used (Chaconas and Van
de Sande, 1980) because it could be inactivated by heating to 63°C in SDS. The
procedures used followed that in Maniatis et al. (1982)-. However the spun column

purification step was omitted as it was unnecessary in our case.
2.2.6 Agarose Gel Electrophoresis

The simple and rapid to perform technique used to separate, identify and
purify DN-A was hagarose gel electrophoresis (Sharp et al., 1973; Helling et al.,
1974) in which different size and conformation of DNA migrated at different rate
(Thorne, 1966,1967). When used in concentrations from 0.1-2.5%, agarose gels
could resolve DNA from 880000 down to 150 bp (Yang et al., 1979; Bostian et al.,
1979). Horizontal slab gels submerged in buffer in gel electrophoresis tanks were

used throughcﬁﬁ-.
2.2.6.1 Full Size Agarose Gel Electrophoresis

In order to make a full size agarose gel (approx. 20x15x0.6 cm), 1.4 g of
agarose was addled to 180ml of distilled water and heated to dissolved. After
the sol had cooled down to below 60°C, 20 ml 10x electrophoresis buffer (Alec’s
buffer) and 20ul ethidium bromide (from a stock solution of 10mg/ml, stored at
4°C in a light-proofed bottle) were added and then mixed by stirring gently. Before

that, a plastic frame with size for making the full size agarose gel was stuck to a
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clean glass plate with the application of vacuum grease. Then the sol was poured
into the levelled frame with a perspex comb suspended across the mould which
was 1 mum above the glass plate to produce slots. After the gel was completely
set, carefully removed the comb and the frame and mounted the gel in the gel
electrophoresis tank filled with well mixed 1x Alec’s running buffer (200 ml 10x
Alec’s buffer plus 1.9 L distilled water and 200u] of 10mg/ml ethidium bromide).
The trapping of air bubbles should be avoided and the gel should be completely
covered by electrophoresis buffér. All DNA sa.nﬁples were then loaded into the slots
with the addition of 1/4th volume of agarose loading dye. The the power pack
was connected to the tank in correct polarity according to the DNA migration and
was then switched on. The gel was electrophoresed for 3-16 hours at 30-120 V.
The DNA bands were visualized by the fluorescence of the ethidium bromide-DNA
intercalated complex under a short wave UV transilluminator (Sharp et al., 1973).
The results could be photographed by using an orange-red Kodak 22A Wratten
Filter mounted on a camera equipped with sensitive film of Polaroid Type 667

(ASA 3000).
2.2.6.2 Agarose Minigel Electrophoresis

For quick detection of DNA bands, especially those with size between 250-1000
bp, 0.7% agarose minigel was used. 0.35 g of agarose was heated to dissolve in 45
ml of distilled water. After cooled'down to below 60°C 5 ml 10x Tris-Borate-EDTA
(TBE) buffer (108 g Tris base; 55 g boric acid; 20 ml 1 M EDTA, pH 8.0in 1 L of
distilled ‘wat.er) and 5 ul ethidium bromide (10mg/ml stock) was added. The sol
was mixed by swirling and was poured into minigel apparatus for setting. 50 ml

of 1x TBE buffer was made from the 10x stock and 5 ul of ethidium bromide was



again added. The gel was electrophoresed at 50 mA for 30-60 min, checked on a

uv 'transiiluminator and photograph could then be taken.
2.2.6.3 Glyoxal (RNA) Gel Electrophoresis

RNA should be dénatured by glyoxalation in order to linearize the fragment for
a'ccurate‘ determination of its size (McMaster and Carmichael, 1977). The method
used here was given by R. Swinhoe (pers. comm.) simplified from other available
method (Miller, 1987). Samples was glyoxalated by placing in an Eppendorf tube
in order: 20 gl redistilled dimethylsulphoxide (DMSO); 2 ul 0.2 M sodium phos-
phate buffer, pH 6.8; 5.7 ul 6 M deionized glyoxal and 12.3 ul RNA (about 20 ug).
They were altogether incubated at 50°C for 1 hour. For the preparation of half
sized gel, 1.125 g of high gelling temperature agarose was heated to dissolve in 75
ml of 10 mM sodium phosphate buffer (pH 6.8) and after cooling down the sol
was poured nto the gel-forming frame adhered to a sheet of gelbond by vacuum
grease. The glyoxalated RNA samples were then loaded with the addition of 1/5th
volume of a,gafose beads (50% glycerol; 10 mM sodium dihydrogen phosphate, pH
7.0; 0.4% w/v bromophenol blue). The gel was electrophoresed in 10 mM sodium
phosphate buffer at 100 V for 4 hours with slow stirring and bufler circulation.
‘Afterwards, the gel was stained in freshly prepared acridine orange dye (30 mg of
acridine ofallge n 1 L of running buffer) for 5-10 min in dark and thence destained
in running buffer overnight. The results could be visualized under short wave UV

transilluminator.
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2.2.7 Recovery of DNA from Agarose Gels by Freeze Elution

The wanted DNA fragment was cut from the agarose gel using a sterilized
razor blade after suitable reétriction. Then the fragment was put into a 0.5 ml
Eppendorf tube with a hole at the bottom pierced with fine forcep. In addition, the
hole should be plugged with small amount of sterilized glass \-NOOl. Such Eppendorf
tube was then placed into a 1.5 ml Eppendorf tube with the cap removed. They
were frozen at »—BOOC‘? for 1/2 hour. Afterwards, the whole complex was spinned in
an _Ep’pendorf centrifuge for ?O min *. The liquid containing the DNA was then
extracted with equal volume of phenol/chloroform (1:1) and then three times with
equal volume of chloroform. Finally 1 ml of cold absolute ethanol was added to the
purified aqueous DNA solution for precipitation. The pellet could be recovered by

centrifugation and then resuspended in 50 ul sterile water/TE buffer.
2.2.8 Construction of a Pea Cotyledon/Root cDNA library

Double-stranded complementary DNA (ds cDNA) can be made and cloned into
plasmids or bacteriophages to produce a complete cDNA library. The synthesis of
cDNA from pea cotyledon/root polyadenylated RNA — poly(A)* RNA was based
on the cDNA Synthesis Kit supplied by Pharmacia. The protocol used here was

the same as the manual enclosed in the synthesis kit.

5 pg of cotyledon/root poly(A)* RNA and suitable amount of diethylpyro-
carbonate (DEPC) treated RNase-free water were heated at 65°C for 10 min in

an Eppendorf tube. 1 pl DTT solution and first-stranded reaction mix { primer,

* the gel should be checked at the first 10 min to ensure it have not thawed yet or otherwise

stopped at there.
{ Contained FPLC Cloned Murine, Moloney Murine Leukemia Virus (MMLV ), Reverse Tran-
scriptase, RNA guard, RNase/DNase-free BSA, oligo d(T)i2-1s
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dATP, dCTP, dGTP and dTTP in aqueous buffer. (both supplied in the kit) were

mixed with the denatured mRNA and incubated. The first single strand ¢cDNA

was then synthesized.

Second strand reaction mix** and 1 ul of Klenow fragment (both supplied
in the kit) \A.Iere added to the Eppendorf tube containing the first strand cDNA.
Hence the complete blunt-ended double strand ¢cDNA Was"synthesized. It was then
purified by phenol/chloroform extraction and the ds ¢DNA was separated from the
unreacted nucleotides by passing down a spun column of Sephacry! S-200 using
ligation buffer [66 mM Tris.Cl, pH 7.6; 1 mM sﬁermidine; 10 mM MgCly; 15 mM

DTT; 0.2mg/ml BSA (RNase/DNase-free)| as elution buffer.

To the purified ds ¢cDNA, 5 ul EcoRI adaptor sélution, 1 ul ATP solution and
3 ul of T, DNA ligase (all supplied in the kit) were added and incubated at 12°C
overnight. Both the blunt ends of the ds cDNA would ligate with synthetic EcoRI
adaptors [oligonucleotides with specific preformed restriction sites that did not
require cleavage in order to creale a cohesive end (Bahl and Wu, 1978)]. Then
10 ul of ATP solution and 1 ul of T4 polynucleotide kinase (both supplied in the
kit) were added Lé phosphorylate the terminals of the ds cDNA. After purification
through the spun column agam, the cDNA was ready for insertion into suitable

plasmid vector.

Plasmid pUC19 was restricted with EcoRI followed by dephosphorylation re-
action using calf intestinal alkaline phosphatase. A minigel was done to ensure the

dephosphorylated vectors were presence after a series of treatment.

** Contained E. coli RNase H, E. coli polymerase I in aqueous buffer with dNTPs.
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Finally insertion of cDNA into a plasmid vector could be performed by adding
1 ul of T, DNA ligase, 3 pl of 10x dilut.ed ATP, 2 ul of 0.05 pg/ul plasmid vectors
and a series of different c011c.¢11trati011 of cDNA (concentration adjusted by ligation
buffer). A control was also set up with all the conditions the same but only with
no ¢cDNA included. This provided the evidence that the dephosphorylated vector
would not recircularized. The remainder of cDNA solution was stored at 4°C. After
incubation at 12°C overnight, recombinants forméd and were able to transform
competent cells (Hanahan, 1985). Positive transformants could be screened by

their resistance to YT-amp-X-gal selective agar.

On the basis of the number of recombinants obtained, the concentration of
cDNA to plasmid that gave best results of ligation/transformation was deter-
mined. By using the remainder of the cDNA solution, a scaled up version of the

ligation/transformation was performed to generate a complete cDNA library.
2.2.9 Transformation of Competent Cells

E. col compe.tent cells for high efficiency transformation were kindly provided
by Mr. Dave Bown (Botany Dept., Uni. of Durham). They were suspended in 0.1
M CaCl, and stored in 200 4l aliquots in 0.5 ml Eppendorf tube at -80°C. After the
cells were taken out from the freezer, they were thawed in hand until just thawed
and then left on ice for 10 min. Then they were mixed with DNA sample (e.g.
DNA-plasmid chimaeras). Up to 2/5 volume of cells could be added but no more
than 100 ng per 200 ul of cells. They were left on ice for another 45 min following
by heat shocked at 42°C for 90 seconds. 800 pl of Y T-medium was added and then

incubated at 37°C for 1 hour to allow antibiotic resistance to express. Eventually
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the cells were plated out by glass spreader on selective agar (e.g. YT-amp-X-gal

agar plate) at certain different concentration to achieve the best transformation

results.
2.2.10 Alkaline Minipreparations of Plasmid DNA — Minipreps

The protocol used here was derived from D. Ish-Horowicz (1981) which was
a modification of the method of Birnhoim and Doly (1979). Overnight culture of
plasmid—cohtai.ning strain was grown up in sterilized McCartney bottle containing
10 ml of YT-medium plus the appropriate antibiotic (e.g. ampicillin). The culture
was centrifuged down using a bench centrifuge. The broth was decanted off and the
cell pellet was dried by inverting the samples over paper towelling. The pellet was
resu_spended in 200 pl of lysozyme solution freashly prepared (4 mg/ml lysozyme;
50 - mM glucose; 10 mM EDTA; 25 mM Tris.Cl pH 8.0) and then placed on ice
for 30 min. 400 ul of NaOH/SDS mixture (0.2 N NaOH, 1% SDS) was added,
gently mixed and placed on ice for 5 min. The sample was transferred to a 1.5
in] Eppendorf tube. At this stage the sample should be fairly viscous with a
'éendency té form "strands” at the tip of the pipetteman. 300 pl of 5 M ice cold
}:)o‘tassium acetate was added, mixed with the sélution gently and was placed on
ice for 30 min. It was then centrifuged for 30 min in an Eppendorf centrifuge.
0.7 ml of phenol/chloroform (1:1) mixture was added and mixed by inverting. It
was centrifuged for 2 min to separate the layer and the lower organic layer was
discarded. Such extraction was repeated using 0.7 ml of chloroform and again the
lower layer was discarded. 1 ml of -20°C absolute ethanol was added, mixed by
mverting and stored at -20°C for 15-60 min. The DNA pellet was then collected

by centrifugation for 15 min. After the supernatant was poured off, 1 ml of 70%
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ethanol was replaced to wash the precipitate. It was then centrifuged for 5 min.
The supernatant was ciiscarded and the sample was dried over tissue paper by
imverting the Eiapendorf tube on it. Finally the last trace of ethanol was removed
by vacuum dry and the pellet was redissolved in 50 ul of TE buffer (10 mM Tris.Cl,

pH 7.6; 1mM EDTA, pH 8.0). -
2.2.11 Transfer of Bacterial Colonies onto Nitrocellulose Filter

After the selection of possible transformants was completed using selective
agar, the transformed colonies were picked out from the agar plate with sterile
coéktail sticks carefully and transferred onto nitrocellulose filters on selective agar
by streaking diagonally on the gridded filters (Hanahan and Meselson, 1980;1983).

They were then be incubated at 37°C overnight.
2.2.12 Replication of Nitrocellulose Filter from Master Filter

This method enable the production of replica filter sets for different hybridiza-
tion was described by Maniatis et al. (1982) and Davis et al. (1980). Three pieces
of stel‘ijiéed 3MM paper were laid down on a clean, alcohol wiped glass plate with
the top piece being wet with sterile water. A master filter from the selective agar
was removed and placed with colonies up on the wet 3MM paper. A nitrocellulose
filter was then put accurately onto the master filter and was marked carefully the
orientation according to the master filter. A wet piece of 3MM paper was then
placed on the filters followed by two other dry 3MM papers. A glass plate was
then placed on the whole stack and was pressed gently and evenly. The filter copy

was removed and grown on selective agar overnight at 37°C whilst the master filter

should be kept at -20°C in YT-glycerol agar plate as described 1n section 2.2.1.
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2.2.13 Lysis of Bacterial Colonies on Nitrocellulose Replicas

Replica filter was removed from the selective agar plate and was placed on
3MM papers soaked with 10% SDS for 3 min, then denaturing sélution (0.5 M
NaOH, 1.5 M NaCl, 1 mM EDTA) for 5 min, neutralizing solution (3 M NaCl; 0.5
M Tris.Cl, pH 7.0; 1mM EDTA) for 5 min, and foliowed by 2x SSC (0.15 NaCl; 15
mM sodium citrate, pH 8.0) for 5 min. The replica filter should be dried on 3MM
paper in between each step. The filter with released plasmid DNA was then air

dried, baked at 80°C for 2 hours in a vacuum oven and was ready for hybridization.

2.2.14 Radiolabelling DNA Using Random Oligonucleotides as Primers

~ The method of "random primed” DNA labelling could produce DNA labelled
to high activities and was developed by Feinberg and Vogelstein (1983, 1984). The
principle was based on the hybridization of a mixture of all oligonucleotides to the
DNA to be labelled. This method enables the labelling of DNAs available only
i very small amount. The ”Random'Primed DNA Labelling Kit” was supphed
by Boehringer Mannheim. 5l (about 25 ng) DNA in an Eppendorf tube to be
labelled was denatured by heating for 10 min at 95°C and subsequent cooling on
ice. Following that 3 ul double-distilled sterile water, 1 ul of each of the dATP,
dGTP, CITTP, 2 4l of reaction mixture, 2 ul of Klenow fragment and 5 ul (about
50 uCi) of [0*?P]dCTP were added. Then the mixture was incubated for 30 min
at 37°C. Tl;e reaction could be terminated by an addition of 2 ul 0.2 M, pH 8.0

EDTA.

2.2.15 Chromatography Through Sephadex G-50 Column

This technique employed gel filtration to segregate radiolabelled DNA from
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unincorporated , labelled debxynuc]eotide triphosphates (Maniatis et al., 1982).
0.5 g of Sephadex G-50 (DNA grade) was slowly added to 15 ml of elution buffer
(150 mM NaCl; 10 mM EDTA; 0.1% SDS; 50 mM Tris.Cl, pH 7.5) and was soaked
overnight at room temperature. A Sephadex G-50 column in a disposable 5 ml
STERILIN plastic pipette plugged with sterile glass wool was prepared. Bubbles
trapped should be avoided. It was then washed with several column of buffer.
Radiolabelled DNA sample was then applied to the column and was eluted with
the buffer. The process should be done behind perspex/lucite protective screen
to shield personnel from radioactivity exposure. 12-15 fractions (300 ul) were col-
lected into Eppendorf tubes and were checked with Geiger-Muller counter at a fixed
distance. The leading peak of the radioactivity consisted of nucleotides incorpo-
rated into DNA, while the trailing peak consisted of unincorporated [o??P}dNTPs.
The results could be confirmed further by a liquid scintillation counting (see sec-
tion 2.2.15). The radioactive fractions in the leading peak were pooled together
and stored at -20°C in lead vial in the radioactive materials storage box. All the
remaining solutions, column, Sephadex G-50, glass wool, etc. should be disposed
properly in the radioactive waste sink or bin after thoroughly washed with 1%

DECON and checked with a Geiger-Muller counter.
2.2.16 Liquid Scintillation Counting of Radiolabelled DNA

The column efluent from the Sephadex G-50 column was checked with a
Packard PL Tri-Carb Liquid Scintillation Counter. 2 ul out of 300 ul of the ra-
diolabelled DNA sample was taken out from each Eppendorf tube. It was then
mixed with 4 ml of scintillant (Ecoscint A) in a plastic counting vial. For [«?P]

counting, protocol no. 7 was employed and the whole process would be undergone

43



automatically.
2.2.17 Colony Hybridization with Radiolabelled Nucleic Acid Probes

The immobilization of denatured nucleic acids onto a nitrocellulose filter and
allowed direét hybridization of radioactive complementary nucleic acid probes
(Grunstein and Hogness, 1975) without interference from renaturation of the DNA
enable the studying of hybridization kinetics in mixed-phase reactions (Gillespie,
1968; Gillespie and Spiegelman, 1965; Nyegaard and Hall, 1964). Denhardt (Den-
hardt, 1966) later extended tl;is technology to single stranded (denatured) radio-
labelled DNA probes and eliminated non-speciﬁc filter-binding of the probes. The
DNA blot hybridization method used here was based on the Amersham Nucleic
Acids Hybndization Bulletin (1985), except the step of high stringency wash (50

ml 0.1x SSC) before air drying the filters was omitted.
2.2.18 Southern Blotting

This technique was used for transferring DNA {rom agarose gels to nitrocellu-
lose filter. It was first developed by E. Southern (1975). The following protocol
was kindly suggested by Mr. R. Swinhoe (pers. comm.) or similar reference could
be obtained from Amersham Nucleic Acids Hybridization Bulletin (1985). After
electrophoresis was completed, the gel was shaken gently in denaturing solution
(1.5 M NaCl, 0.5 M NaOH) twice for 15 min. The gel should be free from any
vacuum grease which might hinder the blotting. Then the gel was shaken twice for
15 min in neutralizing solution (1.5 M NaCl; 0.5 M Tris.Cl, pH 7.2; 1 mM EDTA).
A nitrocellulose filter was wet thoroughly in distilled water and then 20x SSC (3

M NaCl; 0.3 M sodium citrate, pH 7.0). The filter was then laid carefully onto
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the gel without trapping any bubbles. The whole capillary blotting apparatus was
shown Iin figure 2.1 (pp. 47). The blottiﬁg took place at 4°C overnight (about
16 hours) and after its completion, the position of the slots and the gel’s outline
were marked on the ﬁltér with a pencil before removed. The nitrocellulose filter
was sandwiched between two pieces of clean 3MM paper for drying and then oven
dried in vacuum for 2 hours at 30°C. The‘ﬁlter was stored at room temperature

and was ready for hybridization.
2.2.19 Autoradiography

The radioacfive nitrocellulose filter to be autoradiographed was taped to a
backing of Whatman 3MM paper. Radioactive ink was dotted at several loca-
tions around the edge of the filters in a random pattern for easier distinguish-
ing/orientation after the film was exposed. The sample together with the backing
sheet were wrapped in clingfilm when the ink dried. They were then placed in a
Kodak X-omatic cassette. During the processing in the dark room all the light
should be turned off in the dark room except the safety red diffuse lamp. A Fuji
X-ray film of appropriate size was activated by flashing and then the Flashed side
of the film was placed down facing the radioactive filter. The cassette should be
completely cloéed before the light was switched on. It cassette was stored at -80°C
for several hours to several days depending on the strength of the radioactivity
on filters. Before the film was developed, the cassette should warmed up to room
temperature for at least half an hour. Afterward, the film was removed from the
cassette and developed in phenisol developer under safety diffuse red light for 8
min with occasional turning. It was then rinsed with tap water, dramned and im-

mersed into fixer for 3 min. Eventually the film was rinsed completely for 1/2 hour
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and hung -up to dry.
2.2.20 Identification of Positive Clones

After the development of the autoradiograph, it was aligned with the master
filter in accurate and correct orientation. The dark dots on the film represented
the positive recombinants and the corresponding colonies on the master filter were
picked out.They were streaked on selective agar plate to obtain single colony and
subsequently plasmid DNA minipreparation was done to extract the plasmid DNA
for restriction and size determination. The autoradiograph obtained via Southern
Blotting contained different bands. They could be used to compare and analyse

with the photograph taken after the gel electrophoresis.
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Fig. 2.1 The set-up used in Southern Blotting.

A: 20x SSC Buffer B: Agarose Gel C: Sterilized SMM Papers D: Nitrocellulose

Filter E: Clingfilm F: Nappies (as Absorbent) G: Weight H: Glass Plate
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CHAPTER II11

RESULTS

3.1 Preliminary Investigations
3.1.1 DNA Manipulation Practises

Before the project was started, some preliminary experiments were performed
to improve the skills and techniques used in DNA manipulation and handling

which played a vital role in the project. A series of experiments were done.

Plasmid pUC18 was restricted with BamHI while A DN.A was re-
stricted with Sau3A. The restricted vector and the restricted fragments
were ligated together using T, DNA ligase. After the ligation reaction,
the recombinants were transformed into E. coli competent cells and by
antibiotics resistance screening, the possible transformants were identi-
fied and selected. Plasmid DNA minipreparation was then performed.
The insérts size were determined after suitable restriction and agarose

gel electrophoresis.

3 ug of A DNA (0.5ug/pul) was digested with 10u of Sau3A (4u/ul) using high
salt restriction buffer while 2.5 ug of pUC1S (0.5ug/ul) was digested with 5u of

BamHI (5u/gl) using the same buffer as well. The results are shown in Fig. 3.1.

Sice the digestion of pUC18 with BamHI was incomplete, more restriction
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enzyme, 15u (5u/pl) was used to give a completely linearised pUC18 fragment
(track no. 2, Fig. 3‘.2). Meanwhile, ligation between the restricted A DNA and
the restricted pUC18 was done using‘l pl (1u/pul) T4 DNA ligase with the addition
of 2 ul 6mM ATP. After the ligation reaction 10 ul of A/pUC18 recombinants and
a control, 1 ug of pUC18 restricted with 2 ul (5u/ul) of EcoRI were checked on

agarose gel (Fig. 3.3).

The 1/pUC18 recombinants were then transformed with E. coli cells (Mani-
atis et al., 1982) and after the antibiotic resistance selection using Y T-amp-X-gal
agar plate, possiblé transformants (white colonies) and two non-transformants
(blue colonies) were picked out for plasmid DNA minipreparation by alkaline lysis
method (Maniatis et al., 1982). After the minipreps, the extracted plasmid DNA

were restricted with suitable restriction enzyme for the assessment of inserts size.

Sample no. DNA(ul)|  Enzyme (5u/ul)  |H,O (ul)| 10x buffer (ul)

1 (A DNA) 4 |5uEcoRl + 5u HindIlI| 12 | 2 (EcoRI buffer)

2 (A DNA) 4 |5uEcoRI 4 5u Hindlll| 12 |2 (HindIII buffer)
3 (DNA from blue colony A) 5 5u EcoRI 12 2 (EcoRI buffer)
4 (DNA from white colony) 5 5u EcoRI 12 2 (EcoRI buffer)
5 (DNA from blue colony B) 5 5u HindII1 12 2 (HindIII buffer)

Table 3.1 Restriction set-up for A DNA and pUC138 after miniprep using

restriction endonuclease(s) EcoRI and/or HindIII.
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3.1.2 Pea Cotyledons Poly(A)* RNA Extraction Practises

Frozen pea cotyledons were kindly provided by Dr. J. A. Gatehouse. 10
g of cotyledons were used as starting material. The method of direct extraction
of mRNA in Hot SDS/Proteinase K (section 2.2.3.1) was employed with all the
amounts of materials used being scaled down to a factor of 5 since the weight of

the cotyledons used was 1/5th of the recommended in the protocol.

After the pea total RNA was extracted, it was quantitated by spectrophoto-
metric method (section 2.2.1). Pure sterile water provided the background baseline
and 10 pl of pea RNA extract was dissolved in 2.5 ml of sterile water for checking

(Fig. 3.6).

The absorbance was 0.889 and peaked at A = 260.8. Because an OD of
25 corresponded to approximately 1 pug/ul for ssRNA (Maniatis et al., 1982), the

concentration of RNA extract was,
0.9/25 x 2.5 x 1000 x 1/10 = Yug/ul

Since the total volume of the RNA extract was more than 500 pl, the total
amount of RNA obtained exceed (9 x 500) pg = 4.5 mg. While the dual ) ra-

tio (OD260/0D280) was 1.175 (Fig. 3.6).

For further confirmation a glyoxal gel electrophoresis (section 2.2.6.3) was
run. 12.3 pl (‘ng/‘p]_) of RNA extract was used as suggested and the two ribosomal
RNA bands together with the smears of mRNA and tRNA were clearly shown on
the gel (Fig 3.7). After the extraction of total RNA, selection of poly(A)* RNA by

oligo d(T)-cellulose aflinity chromatography (section 2.2.4) was done. All the RNA
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(approx. 4.5 mg in 500 ul) was applied to the column. mRNA pellet recovered was
then dissolved in 400 pl of sterile water. 100 ul out of 400 xl of mRNA solution
was dissolved in 2.5 ml sterile water for spectrophotometric scanning (Fig. 3.8).
The absorbance was 0.483 peaked at A = 259.5. Therefore the concentration of

pea cotyledon poly(A)* RNA was,
0.483/25 x 2.5 x 1000 x 1/100 = 0.483 ug/ul

total mRNA remained was 0.483 ug/ul x 300 pl = 145 ug. Approximately 5.8
pg (12.3 pl of 0.483 pg/ul) of mRNA was used to run glyoxal/DMSO RNA gel

electrophoresis. The poly(A)* RNA bands were shown (Fig. 3.9, track no. 1).
3.1.3 Pea Cotyledons cDNA Library Construction Practise

Pharmacia ¢cDNA Synthesis Kit was used for production of pea cotyledon
c¢DNA library (section 2.2.8) The method used followed the established protocol
enclosed in the cDNA synthesis kit. 4.5 ul corresponded to 5 ug of intact poly(A)*

RNA (1.12 pg/ul) was kindly supplied by Mr. D. Bown as starting material.

After the dscDNA was synthesized and before purification in the spun col-
umn, the volume of dscDNA obtained was approximately 100 ul with theoratically
10 pg of dscDNA formed. 5 ul of EcoRIl adaptor solution was added to pro-
vide adaptors to higate with the blunt-ended dscDNA. Meanwhile, plasmid vector
pUC19 was (ligest.ed with 3 ul (5u/ul) of EcoRI. After the restriction, 4 ul (0.5 pug)
of restricted pUC19 was mixed with 1 ul of agarose loading dye to perform agarose
gel electrophoresis (Fig. 3.10, track no. 1). The remaining restricted vectors (2
pg) were purified by extraction and then dephosphorylated (section 2.2.5.3) with

calf intestinal alkaline phosphatase (CIP). 0.5 pl of enzyme (1u/ul) was used for
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‘dephosphorylation during each incubation. Noticed that the spuﬁ column purifi-
cation steé in the recommended method was omitted because the CIP used was
highly purified aﬁd contained no ammonium sulphate. The dephosphorylated vec-
tor was then dissolved in 20 pl of sterile water. Later an agarose minigel (section

2.2.6.2) check shown that the plasmid was viable.

The final volume of ¢cDNA pfoduced after all the spun column purification
steps was 115 ul and 35 pl of ligation buffer was added to make up the volume to 150
wl. Four cDNA / vector ligation reactions were set up before parallel transformation
of competent E. coli cells (section 2.2.8) in order to find out the appropriate amount

of cDNA solution to optimize the transformation (Table 3.2).

Reaction 11213 {4 (Control)
¢DNA solution (ul) | 6 |32 0
Ligation Buffer (ul) |24 |27 |23 30
pUC1Y (0.05 pg/pl) (pl) i 2 12| 2 2
Diluted ATP (ul) 31313 3
T, DNA ligase (ul) 11111 1
Total (ul) 36|36 36 36

Table 3.2 Ligation reactions set-up suggested in the Pharmacia cDNA Syn-

thesis instruction manual to find out the optimal transformation conditions.

The resulting ligation reaction mixtures were used to transform F.coli DH5a
competent cells. For each 36 ul of mixture, it was added to 200 pl of competent cells
suspended in 0.1 M CaCl, and 800 pl of YT-medium. After the transformation,

two aliquots (10 and 100 ul) of each transformed cells were plated out on Y T-amp-
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X-gal agar for selection and screening. The results of colonies counting were listed

m table 3.3.

Sample no. = vol. of aliquot/ul) | white colonies no. (w) | blue colonies no. (b)|w/b ratie

1-100 420 400 1.05
1-10 360 280 1.29
2-100 1440 576 2.5
2-10 : o 440 320 1.38
3-100 300 . 760 1.05
3-10 248 108 2.3

4-100 (control) 1 , 460 0

4-10 (control) 0 720 0

Table 3.3 Results of colonies counting after E. cols. transformation.

From the above results, the optimal transformation condition was sample
2-100. Hence this could be choosen as model for subsequent scale up transforma-
.tion reaction. Later, plasmid DNA minipreparations using alkaline lysis method
(section 2.2.9) was done on some selected possible colonies and the cDNA mserts
size were determined on agarose gel electrophoresis after EcoRI restriction (Fig.
3.115. 10 4l of each of the DNA samples was digested with 1 gl (5u/pl) of EcoRI

while 2.4 ug of pPBR322 was digested with 1 pl (3u/ul) of Alu I as a size marker.

From Fig. 3.11, the restriction was unsuccessful. It might due to inadequate
restriction enzyme used. Then another restriction was re-performed. This time 2
pl (5u/pl) of EcoRI was used and the results were photographed and shown on Fig.
3.12. The restriction was complete and the plasmids with mnserts could be seen

clearly. Track no. 2, 3, 4, 7, 10 corresponded to non-transformants without inserts
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while track no. 5, 6, 9, 11, 12, 13 were real transformants with ¢cDNA inserts of
different size. A calibration curve was plotted (Fig. 3.13) and the inserts size were

determined (Table 3.4).

Sample no. |insert migration distance (cm) | size (bp)
5 _ 9.7 | 10600
6 11.7 | 398.1
9 - 9.3 1202.3
11 11.4 457.1
12 3.6 1659.6
13 _ 12.1 ) 335.0

Table 3.4 Pea cotyledons cDNA inserts size calculated after the restriction

using EcoRI restriction endonuclease. A
3.2 Extraction of Pea Roots Poly(A)* RNA

Fresh pea.' roots were prepared as described in section 2.2.2. Total RNA was
attempted to extract from 50 g of root materials by the method mentioned in
section 2.2.3.1. After the RNA extract was dissolved in 700 ] of sterile water and
stored 1n E-Lliquotsjat -80°C, 10 ul of them was added to a clean cuvette contained

2.5 ml of sterile water for UV spectrophotometric scan (Fig. 3.14).

The curve peaked at A = 270.4 nm with absorbance of 0.656 which was
deviated from an ideal case of pure RNA which should peak at A = 260 nm.
However, based on the value of A\ = 260 nm on the graph, an absorbance of 0.367

was read. Possible concentration of pea root RNA extracted was,

0.367/25 x 2.5 x 1000 x 1/10 = 3.67 pg/ul
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total possible amount of RNA was, 3.67 ug/ul x 700 xl = 2.57 mg. The yielding
sounded reasonable but the purity of the sample was not good (according to the
peak positioﬁ and the dual A ratio of RN A in which the value of the latter one was

1.043, Fig. 3.14).

Subsequent glyoxal (RNA) gel electrophoresis check confirmed that the quan-
tity of RNA in the extract was not enough for poly(A)+ RNA extraction (Fig. 3.9,

track no. 3 an'd 4).

The extraction of pea roots RN A was therefore repeated using guani- dinium/cesium
chloride method (section 2.2.3.25. 7.5 g of pea roots was used. Transparent gelly-
like RNA was extracted and solubilized in 600 pl of sterile water. 10 ul of RNA
solution was scanned by UV spectrophotometer. The values of peak \ and ab-
sorbance were 258:0 and 0.097 respectively (Fig. 3.15). Concentration of RNA

obtained was,
©0.097/25 % 2.5 x 1000 x 1/10 = 0.97 pg/ul

total amount of RNA extracted was, 0.97 ug/ul x 600 ul = 582 ug. The dual A
ratio was 2.1357(_Fig. 3.15). Afterward, 5 ug of RNA was used to perform glyoxal

gel and the result was shown on Fig. 3.16.

Track no. 1 corresponded to poly(A)* RNA-of pea pods (25 pg of sample
was loaded). Track no. 2 corresponded to RNA of>1)ea root. The weakness of that
two bands was due to small amount of RNA loaded and its denaturation upon

time elapsed.

The pea rcots RNA (600 ug) was then passed through the oligo d(T)-cellulose
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column (section 2.2.4) to isolate the poly(A)* RNA. Through the UV monitor (A =
254 nm), two peaks were seen with the first and second peaks referred to poly(A)-
RNA and poly.(A’)Jr RNA reépectively (Fig. 3.17). Noticed that the scale of the

poly(A)* peak was 10x more than that of poly(A)~ for easier observation.

11.7 ml of poly(A)* RNA column effluent was collected. However, after
ethanol precipitation, the mRNA could not be recovered due to too small quantity
of mRNA as well as too much diluted in large volume of elution buffer. Therefore,
al.lothevr trial to isolate root poly(A)* RNA was done with 250 ug of total root
RNA in 270 ul of TE buffer (concentration = 0.93 ug/ul). It was kindly provided
by Mr. R. Swinhoe. Oligo d(T)-cellulose affinity chromatography was run and the

UV absorption profile was shown in Fig. 3.18.

170 ul of possible poly(A)* RNA column efHluent was ethanol precipitated.
and resuspended in 10 ul of sterile water. 0.5 ul of the RNA solution dissolved in
0.5 ml of water in a quartz cell was checked with a PHILIPS PYE UNICAM SP3-
150 UV /Visible Spectrophotometer. Reading at A = 260 nm showed an absorbance

of 0.002 (Fig. 3.19). The concentration of mRNA was,
0.002/25 x 500 1/0.5 = 0.08 pg/pl

total mRNA obtained was, 0.08 pg/ul x 10 pl = 0.8 ug. The mRNA recovered was
not much enough to ensure a successful cDNA synthesis, hence another attempt to
isolate pea root mRNA was undergone. The Iguanidinium/cesium chloride extrac-
tion method was used again but with a larger amount (20 g) of root as starting

material.

The RNA extracted was solubilized in 550 ul of sterile water with 5 pl of
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it -being taken for specfrophotometric scan. The absorbance was 0.083 and was

peaked at A = 258.6 nm. Hence, the concentration of RNA was,
0.083/25 x 2.5 x 1000 x 1/5 = 1.66 ug/ul

total amount amount of yielding was, 1.66 pg/ul x 550 pul = 913 pg. The dual A

ratio was 2.251 (Fig. 3.26).

All the total RNA extracted was then loaded into an oligo d(T)-cellulose
column and the UV absorption profile was in Fig. 3.21. 8.6 ml of poly(A)* RNA
extract was collected, 5 ul of glycogen together with 19 ml of ethanol was added
to it to enhance precipitation. But according to the UV absorption profile (Fig.

3.22) on mRNA recovery check, there was no peak at \ = 260 nm.
3.3 Construction of Pea Root cDNA Library

Fortunately, a generous gift of pea root poly(A)* RNA which was extracted
previously was given by Dr. M. Evans so that the cDNA library construction could
be proceeded. 5 ug of pea root poly(A)* RNA in 5.2 ul sterile water (concentration:

0.96 ug/ul) was used for synthesizing the cDNA (see section 2.2.8).

In addition, 2 pg of pUC19 was restricted with 3 ul (5u/pl) of EcoRI. After
the restrictioﬂ, phenol extraction, ethanol precipitation and terminal 5” phosphate
removal by dephosphorylation (see section 2.2.5.3) were done. The purified and
concentrated pUC19 plasmid was dissolved i 20 yxl of water. 1 ul of it was checked
with agarose minigel (see section 2.2.6.2) and was shown in Fig. 3.23. From the

- comparison between the brightness of the bands, more than 75% of dephosphory-

lated vector was recovered. Assuming 75% recovery, the concentration of plasmid
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solution was,

2ug x 75% = 1.5ug in 20ul = 0.075ug/ ul

Hence 10 ] more sterile water was added to dilute the plasmid concentration to

0.05 ug/ul for cDNA insertion as recommended in the manual of cDNA synthesis

(see section 2.2.8).

The final volume of cDNA solution synthesized after all the spun column

purification steps was 100 ul, therefore 50 ul of ligation buffer was addeclA to make

up the final volume to 150 pl. Four cDNA /pUC19 ligation reaction were set up as

suggested in Table 3.2. F.coli competent cells were than transformed (see section

2.2.9) and was plated out on YT-amp-X-gal selective agar for subsequent screening.

The results were listed in Table 3.4.

Sample no. - vol. of aliquot/ul | white colonies no. (w) | blue colonies no. (b)|w/b ratio

-1-10 1 100 0.01
1-100 2 790 0.003
2-10 0 55 -
2-100 8 1844 0.004
3-10 0 14 -
3-100 18 1142 0.015

4-10 (Control) 0 5 0

4-100 (Control) 1 448 0

-Table 3.4 Results of colonies counting after E. coli. transformation.

From the results above, the optimal transformation condition was sample 3-

100. The number of transformants was not many. Nevertheless, 12 white colonies
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were selected from the plates for f)lamllid DNA minipreparation (see se;:tion 2.2.10)
and subsequently 10 xl of DNA extract from each sample was restricted with 2 pl
(5u/pul) E¢0RI. pUC19 restricted with EcoRI and X DNA restricted with HindIII
were used as size markers (Fig. 3.24). From the figure, it showed that the EcoRI
restriction did'nqt work properly and RNA was present. However, promising
results were seen because almost half of the minipreps DNAs showed more than
one band on the phot;ograph. Hence, another restriction reaction was done using 2
pl of BamHI to digest with 10 pl of plasmid DNA extract. This time 1 ul of RNase
(1 ug/ul) was added to every selected sample. Again the same markers were used
as before. The réstriction was completed and the photograph was shown in Fig.
. 3.25. A graph of log;, size of markers’ fragments (bp) against distance migrated

was plotted (Fig. 3.26) and the inserts size were determined (Table 3.5).

Sample no. | Fragments’ migration distance (cm) | Total fragments’ size (bp) | Insert size (bp)

1 4 4365.2 . 1665.2
3 3.8, 8.2 5269.3 2569.3
4 2.9, 3.6, 4.6 16333 14133
5 4.3 2754.2 54.2

7 4.1 4168.7 1463.7
10 4.7, 7.1 3591.9 892

12 49,45 57478 3047.3

Table 3.5 Pea roots cDNA inserts size calculated after the restriction using

BamH]I restriction endonuclease.

As far as to obtain higher number of transformants (white colonies on YT-

amp-X-gal agar plate), the ligation/transformation reaction was re-performed. 30
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pl of cDNA column efluent was adde_d to 3 ul of diluted ATP, then 1 ul of T,
DNA ligase and 2 4l (0.05 pg/ul) of dephosphorylated pUC19 vector. Competent
cells transformation was done and the cells were plated out on selective agar in
differenf aliquots. (i.e. two plates in 10 ul aliquots, two plates and four plates in
100 xl and 200 gl aliqﬁots respectively). The colonies counting results were listed

i Table 3.6.

Samples (ul) | White colonies no. | Blue colonies no.
A. 10 4 140
B. 10 6 ' 159
C. 100 12 520
D. 100 9 477
E. 200 31 exceed 800
F. 200 28 exceed 800
G. 200 26 exceed 800
H. 200 35 exceed 800

Table 3.6 Results on colonies counting after E. coli. transformation.

White colonies including the dubious one were transferred onto gridded ni-
trocellulose filters (see section 2.2.11) and were incubated overnight on selective

agar. White, blue and a combination of both colonies were found. The filters were

then replicated (see section 2.2.12) for hybridization later on.

Another two plasmid (dephosphorylated pUC19) - ¢cDNA ligation/transfor-
mation reactions were undergone to raise more white colonies (transformants)
using the same experimental conditions/procedures as described before. Totally

184 white colonies were found and they were all transferred onto nitrocellulose
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filters and replicated. After the replication, the master filters were stored at -20°C

in YT-glycerol agar plate (see section 2.2.1).
3.4 Colony Hybridization and Inserts Size Determination

5 ul of cDNA (exceed 25 ng) column effluent was radiolabelled by random
primed labelling method (see section 2.2.14) followed by Sephadex G-50 gel filtra-
tion (see section 2.2.15) to purify the radiolabelled cDN A from the unincorporated
nucleotides. 12-15 (300 ul each) fractions were collected in Eppendorf tube and
they were checked with Geiger-Muller counter, and liquid scintillation counter (see
section 2.2.16) subsequently. The results on scintillation counting were shown in

Fig. 3.27.

According to the results, fractions 7-9 contaned the radiolabelled ¢cDNA
were stored in lead vials at -20°C for hybridization. One set of four nitrocel-
lulose replica filters (with all the white colonies collected through various liga-
tion/transformation reactions) were lysed and treated (see section 2.2.13) to pre-
pare for colony hybridization (see section 2.2.17). Three fractions (about 900 ul)
of radiolabelled cDNA column effluent collected after the Sephadex G-50 gel fil-
tration were used to probe with the nitrocellulose filter containing the plasmid
DNA after the bacterial colonies were lysed. Autovradiograph was taken then (see
section 2.2.19). After eight days exposure, the film was developed (Fig. 3.23).
Based on the autoradiograph, positive colonies were identified by aligned with the
master filter (see section 2.2.20). Nine possible colonies (some are white and some
are blue/white mixing colonies) were picked out, streaked on selective agar to sep-

arate single white colony and then minipreps were done. For each of the sample



(sample 2-10), 10 xl of miniprep DNA extract was resti‘icted with 2 pl of BamHI
(5u/ul). 2/HindIIl and pUC19/EcoRI were used as size markers so that the inserts
size could be determined. 1 ul of RNase (1 pg/ul) was added to remove the RNA.
The results were shown in Fig. 3.29. A standard calibration line was plotted and

the inserts size of the ¢DNA were calculated (Fig. 3.30 and Table 3.7).

Sample no. | Fragments’ migration distance (cm) | Total fragments’ size (bp) | Insert size (bp)

2 | 4.7 6309.6 3609.6
3 5.8, 7.8 - 53155 2615.5
4 44 61 10555.7 7855.7
5 h 6.4 2730.3 -

6 6.2. 8.0 4542.7 1842.7
7 5.8, 6.4, 7.7 3270.8 5570.8
3 54,56 38739.6 6039.6
9 5.7 3931.1 1281.1
10 5.3, 7.1 | 6375.6 4175.6

Table 3.7 Pea roots cDNA inserts size calculated after restriction using

BamHTI restriction endonuclease.

After that, the set of plasmid DNA was then restricted with 2 ul (5u/ul)
EcoRI using the. same size markers as that in the BamHI miniprep DNA restric-
tion. Howevef, the results was not satisfactor‘-v (Fig. 3.31). Partial digestiqn
was suspected, hence the restriction was repeated. The conditions were changed
slightly : only 5 ul instead of 10 ul of miniprep DNA solution was used in each
sample, restriction buffer and enzyme were obtained from another source as well

as 2 ul of 0.1 M spermidine was added to enhance the digestion efficiency of the
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restriction endonuclease. However, the results was similar to the former one (Fig.
3.32). Because of this, the quality of the miniprep DNA was suspected. It might
contained various contaminants and impurities, therefore, another miniprep was
then done with great cautious especially the phenol/chloroform extraction steps.
The resulting DNA extract was restricted with EcoRI using the same experimental

conditions stated above and the photograph was shown in Fig. 3.33.

According to the position of fragments shown, they were similar to the two
restrictions done before. This meant that the minipreps and restriction reactions
performed so far have no problem, but the pla,sm-id—cDN A chimaeras were unex-
pectedly different from the prediction in which the two EcoRI cutting sites on the
plasmid recombinants were altered that did not allow a proper EcoRI restriction

to take place.
3.5 Southern Blotting

Owing to the results obtained in EcoRI restriction, a Southern blotting was
performed in order to confirmed c¢cDNA inserts were definitely cloned into the
plasmid despite the alteration of the EcoRI restriction sites. Thus 5 ul of cDNA
solution was random primed radiolabelled with [a*?P]dC TP and purified along
the Sephadex G--‘é() column. Liquid scintillation counting was used to select the
Eppendorf tubes containing the labelled cDNA (tube no. 6-8) based on the results

of Fig. 3.34.

After the Southern Blotting (section 2.2.13), the nitrocellulose filter blotted

with the restricted DNA fragments were hybridized with the radiolabelled cDNA

probe. The autoradiograph developed after the hybl"idization was shown in Fig.
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3.35 after 16 hours exposure. Various dark bands were seen clearly. By referring to
the photograph taken after the EcoRI restriction, the corresponding cDNA inserts.

were identified (the bands with arrows pointed to in Fig. 3.35).

3.6 Probing with Inserts of Plasmids pPR179, pPR287(A) and

pPR340

The inserts of plasmids pPR179, pPR287(A) and ﬁPR340 were DNA of size
450, 250 and 480 bp respectively. All of them used pUC19 as the plasmid vector
and ligated with the vectors in EcoRI sites. Large amount of each of them were
produced by maxiprep aﬁd purified by CsCl centrifugation to get rid of all the

proteins, chromosomal DNA, etc.

In order to ensure enough DNA inserts were available to be radiolabelled as
probes, at least 2 ug of each of the DNA inserts from. the plasmid recombinants
were required. Let A be the amount of plasmid recombinants needed to give 2 pug

of inserts after suitable restriction,
For pPR179: A = 2 x (450+2700)/450 : 14 ug
For pPR287(A): A = 2 x (250+42700)/250 = 23.6 ug
For pPR340: A = 2 x (480+2700)/480 = 13.25 ug

where 450, 250, 480 and 2700 were size in bp of DN A inserts of pPR179, pPR237(A),
pPR340 and vector pUC19 respectively. The plasmid-DNA chimaeras were kindly

provided by Dr. M. Evans with concentrations :
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Plasmid recombinant | Concentration (ug/ul) | Total amount given (ul)
pPR179 2.85 10
pPR287(A) 5.5 30
pPR340 - 1.4 20

Hence the plasmid-DNA chimaeras were restricted with EcoRI with reference
to the amount required to give adequate amount of DNA inserts for probing as

calculated before.

Sample | Amount needed (ul) | 10x EcoRI buffer () | BcoRI (5u/ul)(ul) | water (ul)}
pPR179 5 2 - 4 9
pPR28T(A)| .~ 45 2 6 75
pPR340 10 2 4 4

Besides, 3 ul (1.2 pg/ul) of pBR322 restricted with 2 ul of Alu I (3u/ul)
and 2 4l (1 gg/yl) of pUC18 were used as size markers for reference. The results
were shown in Fig.-3.36. The wanted DNA inserts from the three samples were
cut out from the agarose gel and extracted by freeze elution method (see section
2.2.7). Noticed that sample pPR287(A) gave two fragments beside the vector after
the restriction, but only the 250 bp fragment was needed. Each of the extracted
DNA samples was then dissolved in 50 ul of 1x TE buffer and 15 4l of each of
them was used to check on agarose minigel electrophoresis. Again 1 ul (1.2 pg/ul)

of pBR322 restricted with 1 4l (3u/ul) of Alu 1 was used as a size marker. The

minigel photograph was shown on Fig. 3.37.

Meanwhile, three more sets of replica filters were produced from the master

filters. The bacterial colonies were then lysed and fixed on nitrocellulose filters
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by baking atv 80°C for two hours so that the iﬁsert probes could later hybridized
with them. The three different types of insert extract were then radiolabelled
by random primed labelling miethod separately. Each of them was purified along
Sephadex G-50 column and by liquid scintillation counting (Fig. 3.38-3.40), the
suitable radiolabelled DNAA samples were kept in different lead vials. The la-
belled DNA probes of pPR179, pPR287(A) and pPR340 were hybridized with
three separate sets of replica filters and autoradiographed afterward. According
to Geiger-MﬁHer counter checked, the radioactive strength of the filters hybridized
with probe pPR179 was strong (about 50 cps) while the other two sets that hy-
bridized with probes pPR287(A) and pPR340 were much weaker (about 3 cps).
Therefore, autoradiograph of pPR179 was exposed for only three hours while the
other two were exposed for 5 days. Hybridization between the probes and the

filters were revealed on the autoradiographs after being developed.

All the autoradiographs were superimposed onto the master filters. The
bacterial colonies corresponded to the dark spots on the autoradiographs were
picked out (8, 4 and 6 colonies from pPR179, pPR287(A) and pPR340 respec-
tivel.y_'), streaked on selective agar plates to obtain single colony. The selected
white colonies from different streaked plates were inoculated in YT-broth contain-
ing ampicillin and plasmid DNA minipreparations were performed afterward. The
photographé of the minipreps DNA (5 ul) restricted with 3 ul of EcoRI (5u/ul)

with the addition of 1 pl of RNase (1 ug/ul) were shown in Fig. 3.41 and Fig. 3.42.



Fig. 3.1 Track no. 1 — Restriction of » DNA with Sau3A. Track no. 2 — Partial

restriction of pUC18 with BamHI.

Fig. 3.2 Track no. 1 — Unrestricted pUC18 as a control. Track no. 2 -

Complete restriction of pUC18 with Bam HI.

Fig. 3.3 Track no. 1 - pUC18 restricted with EcoRI as a control. Track no. 2

— A/pUC18 recombinants restricted with EcoRI.

The EcoRI site was in the multipurpose cloning region of pUC18, after the in-
sertion of A DNA into the plasmid and restricted with EcoRI, a linearised fragment
was seen together with a smear of small restricted ) fragments. Noticed that the
migration rate of the recombinant was slower than that of the linearised pUC18,

this confirmed the ligation reaction was successful.

Fig. 3.4 Plasmid DNAs restricted with appropriate restriction enzyme(s) for
msert size assessment. Track no. 1 — A DNA restricted with EcoRI + HindIII in
EcoRI restriction buffer. Track no. 2 — X DNA restricted with EcoRI + HindIIT in
HindlIII restriction buffer. Track no. 3 - Plasmid DNA from blue colony (pUC18)
partially restricted with EcoRI Track no. 4 - Recombinant DNA from white
colony (X DNA + pUC13) restricted with EcoRI completely. Track no. 5 - Plasmid

DNA from blue colony completely restricted with HindIIl.
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Fig. 3.7 Glyoxal/DMSO gel electrophoresis of pea cotyledon RNA. The gel
was stained with acridine orange. After staining, the gel appeared to be yellowish
while the RNA bands became orange in colour under UV transilluminator. Two

subunits of the RNA were separated on the gel.

Fig. 3.9 Glyoxal/DMSO gel electrophoresis of pea parts. Track no. 1 —
Pea cotyledons mRNA. Track no. 2 - Total RNA of pea pods extracted by hot
SDS/proteinase K method. Track nos. 3, 4 — Total RNA of pea roots extracted

by hot SDS/proteinase K method.

Fig. 3.10 Restriction of pUC19 with EcoRI for subsequent ¢cDNA insertion.

Track no. 1 - restricted pUC19. Track no. 2 - unrestricted pUC19 as a control.

Fig. 3.11 Insert size assessment of pea cotyledons cDNA after plasmid DNA
restricted with EcoRI. Track no. 1-11 -~ DNA from possible transformants (white -

colonies). Track no. 12 - DNA from a non-transformant (blue colony). Track no.

13 - pBR322 restricted with Alu I as a size marker.
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migrated (cm) — pBR322 restricted with Alu I.
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Fig. 3.12 Insert size assessment of pea cotyledons cDNA after plasmid DNA
was restricted with EcoRI. Track no. 1 - pBR322 restricted with Alu I"as a
size marker. Track no. 2 - DNA from blue colony (pUC19) linearised ny EcoRI
as a control. Track nos. '3, 4, 7, 10 - non-transformants without ¢cDNA insert.
Track nos. 5, 6, 9, 11, 12, 13 - transformants with ¢cDNA inserts. Track no. 8 —

unrestricted transformant.

Fig. 3.16 Glyoxal/DMSO gel electrophoresis of pea root total RNA extracted
by Guanidinium/Cesium Chloride method. Track no. 1 - poly(A)* RNA of pea
pods as a control. Two bands were seen with the large subunit running slower and
approximately 2x more abundant than the small subunit. Track no. 2 — pea roots

“total RNA. Two vague bands were shown. The weakness of the bands m track no.
2 when compared with that in track no. 1 might due to much lower concentration

of sample loaded (5x less).

Fig. 3.23 Agarose minigel of dephosphorylated vectors pUC19 which have

already restricted with EcoRI.

Fig. 3.24 Restriction of plasmid recombinant DNA with BamH]1 after mihiprep.
Track no. 1 — A DNA restricted with HindIII and pUC19 restricted with EcoRI as
size markers. Tracks nos. 2-13 — possible white colonies plasmid DNA restricted

with EcoRI.
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Fig. 3.17 and Fig. 3.18 UV absorption profile (\ = 254nm) of pea roots RNA
after passing through the oligo-d(T) cellulose column. In Fig. 3.18, RNA has

passed through the column twice to enhance the isolation of Poly(A)- RNA.
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Fig. 3.21 UV absorption profile (A = 234nm) of pea root RNA after passing
through the oligo d(T)-cellulose column. RNA has passed through the column

twice to enhance the isolation of Poly(A)~ RNA.
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Fig. 3.26 Calibration line of log.- DNA fragments’ size (bp) against distance

migrated (cm) - A DNA restricted with HindIII and pUC19 restricted with EcoRI.

83



~d

Frotoool #:3 Mame: Z32F 1min  copm
Regicn A: LL-Ul= 3.0-1700 Lo O Blkg= Q.00 Y2
Regicr: Br LL-UL=50,0-1700 L 2 Blg= Q.00 UZ

Regiocs T LL-Ul= 0,0~ 2.0 Lor=. 0 Bkg= Q.00 Y2
Time = 1.00 GIF = +81E ‘erminator = Count

TR
]

-
i

m
m

G CRMA A

110600

I
fa

515
542,93

,
A
2
s D
et

= 155,00 16. &4, 94
7 112,00 18, 459, 1%
4 114,00 18. S&8.11
5 1L00 0 128,00 17. 282,81
b 1,00 4 3. 599, 25
7 PRty 1.
L 00 0.
5 .00 1.
£ 1.
O 1.

i O,
PE1io7. O,

Fig. 3.27 Liquid scintillation counts in count per minute (CPM) for checking

and separation of radiolabelled pea roots cDN A probe.
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Fig. 3.28 Autoradiographs displaying colony hybridization of radiolabelled

pea roots cDNA probe to replica filters with pea roots cDNA /pUC19 chimaeras.
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Fig. 3.30 Calibration line of log,, DNA fragments’ size (bp) against distance

migrated (cm) — A DNA restricted with HindIII and pUC19 restricted with EcoRI.

86



Fig. 3.34 Liquid scintillation counts in count per minute (CPM) for checking

and separation of radiolabelled pea roots cDNA probe.
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Fig. 3.35 Autoradiograph of radiolabelled cDNA probe hybridized with 1ts
complementary DNA fragments after Southern Blotting. The arrows on the gel
photograph corresponded to those fragments that hybridized strongly with the

labelled cDNA probe.






Fig. 3.33 Restriction of selected recombinant plasmid DNA with EcoRI
after miniprep. Track no. 1 — X DNA/HindIIl and pUC19/EcoRI size markers.
Track A and track B - partial and complete restriction of pUC19 using different

concentrations of EcoRI, 5u and 15u respectively.

Fig. 3.36 Restriction of plasmid-DNA chimaeras pPR179 (track no. 1),
pPR287(A) (track no. 2) and pPR340 (track no. 3) by EcoRI to release the DNA

mserts. Track C — pBR322 restricted with Alul as size marker.

Fig. 3.37 Agarose minigel electrophoresis to check the DNA inserts after

freeze-elution extraction.

Fig. 3.41 Restriction of recombinant plasmid DNA that hybridized with
the DNA insert from sample pPR179 with EcoRI after miniprep. Track A -
pBR322/Alul size marker. Track C - A DNA/HindIIl size marker. Track P -
pUC19/EcoR] size marker. Track nos. 1-8 - possible recombinant plasmid DNA

contamming the full length DNA sequence of pPR179 probe restricted with EcoRI.
g g { p

Fig.  3.42 Restriction of recombinant plasmid DNA that hybridized with
DNA insert from sample pPR237(A) (track nos. 1-4) and sample pPR340 (track
nos. 5-10) with EcoRI after minipreps. 'For abbreviation for tracks P and C see

explanation above.






Fig. 3.38 Liquid scintillation counts in count per minute (CPM) for separa-

tion of radiolabelled pPR170 DNA insert probe.

Fig. 3.39 Liquid scintillation counts in count per minute (CPM) for separa-

tion of radiolabelled pPR237(A) DNA insert probe.

Fig. 3.40 Liquid scintillation counts in count per minute (CPM) for separa-

tion of radiolabelled pPR340 DNA insert probe.



Protocol #:

Region A: LL-UL= 5.0-1700 Lecr= 0 Bkg= 0.00
Region B: LL-UL=50.0-1700 ~sLecr= 0 Bkg= 0.00
Region C: LL-UL= 0.0- 0.0 Ler= O Bkg= 0.00
Time = 1.00 QIP = tSIE ES Terminator
S# TIME CPMA A:28% CPMB SIS tSIE
1 1.00 36.00 33.33 168.00 389.08 521.
2 1.00 59.00 26.03 31.00 687.33 521.
3 1.00 55.00 26.986 19.00 339.94 526.
4 1.00° 27.00 38.49 10.00 471.32 523.
5 1.00 24.00 40.82 3.00 489.11 533.
3] 1.00 65.00 24.80 35.00 707.84 522.
7 1.00 34897.00 3.38 3112.00 1223.5 bz24.
5] 1.00 5881.00 2.58 5183.00 1093.3 512.
9 1.00 8041.00 2.57 5370.00 1185.0 523.
.0 1.00 3823.00 3.23 3444.00 1218.6 519.
i1 1.00 3621.00 3.32 324S5.00 1194.3 521.
12 1.00 5780.00 2.62 52:17.00 1234.5 533.
13 1.00 23343.0 1.30 21023.0 1180.2 519.
Protocol #: 7 Name:32F lmin cpm
Region A: LL-UL= 5.0-1700 Lcr= 0 Bkg= 0.00
Region B: LL-UL=50.0-1700 Lcr= 0 Bkg= 0.00
Region C: LL-UL= 0.0-'0.0 Ler= 0O Bkg= 0.00
Time = 1.00 QIP = t5IE ES Terminator
SE TIME CFMA A:25% CPMB SIS tSIE
1 1.00 38.00 32.44 13.0C 214.82 527.
2 1.00 35.00 33.80 20.00 638.25 523.
3 1.00 43.00 30.48 20,00 494.28 530.
4 1.00 27.00 38.49 10.00 401.99 519.
5 1.00 34.00 34.29 15.00 590.34 526.
5] 1.00 241.00 12.88 £21.00 955.81 510.
7 1.00 4082.00 3.13 37¢2.00 1220.4 521.
8 1.00 4354.00 3.03 4007.00 1247.3 524.
g 1.00 4573.00 2.95 4221.00 1266.1 525.
10 1.00 4355.00 3.03 3785.00 1069.4 510.
13 1.00 7054.00 2.38 6449.00 1241.6 5Z6.
12 1.00 15808.0 1.80 14282.0 1217.3.52
Frotocol #: 7 Name:32F 1lmin cpnm
Region A: LL-UL= 5.0-1700 Lcr= 0 Bkg= 0.00
Region B: LL-UL=50.0-1700 Ler= 0 Bkg= 0.00
Region C: LL-0UL= 0.0- 0.0 Ler= O Bkg= 0.00
Time = 1.00 QIP = tSIE BS Terminator =
S# TIME CFMA A:23% CPMB SIS tSIE
1 1:00 530.00 8.68 223.00 372.18 488.
2 1.00 308.00 11.39 g5.00 284:96 506.
3 1.00 260.00 12.40 :107.00 310.90 512.
4 1.00 435.00 3.58 2534.00 551.19 513.
5 1.00 132.00 17.40 49.00 271.20 510.
& 1.00 935.00 6.54 709.00 929.73 50¢6.
7 1.00 9310.00 2.07 7428.00 988.11 510.
g 1.00 12062.0 1.82 1¢896.0 1166.1 B1Z.
3 1.00 8989.00 2.10 7916.00 1106.2 508.
10 1.00 9691.00 2.03 8151.00 988.00 506.
11 1.00 8935.00 2.11 6603.00 885.26 51Z.
12 1.00 19781.0 1.42 17394.0 1062.0 482.
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CHAPTER 1V

DISCUSSION

4.1 Analysis on Preliminary Investigations
4.1.1 DNA Manipulation Practise

At the very beginning of the project, DNA manipulation practises were per-
formed as described in section 3.1.1. Plasmid vectors pUC18 were restricted with
BamHI and subsequently ligated V\;itl-l Sau3A restricted A DNA fragments. The
first 1‘estrictvi011 reaction of pUC18 with BamHI was incomplete as two bands were
seen (Fig. 3.1, track no. 2) obviously because of insufficient restriction endonu-
clease was uséd. _Al_l restriction endonucleases cleaved their DNA substrates to
form 5-phosphate and 3’-hydroxyl termini on each strand, except Neil which has
been reported to liberate 3’-phosphate and 5-hydroxyl termini after digestion of
DNA (A. W. Hu and A. H. Marshal unpub. observ.). Thus, a general rule of 5
units of restriction enzyme to digest 1 pg of DNA s:hould be followed. Later the
restriction was success by using more BamHI and the ligation with restricted A
DNA frégment posed no problem. Noticed that a higher concentration of A DNA
than pUC18 was used to enhance the ligation reaction. Plasmid recombinants
were found (Fig: 3.3, track no. 1) after E. coli transformation followed by alkaline
lysis plasmid DNA minipreparation. The size of the DNA inserts are checked with

suitable restriction by using EcoRI and/or HindIII (Table 3.1).

Tricky points were already present at the beginning of the experiment in which

=
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BamHI restricted plasmids were ligated with Sau3A restricte;d A DNA. This was
possible because BamH1 and Sau3A were isoschizomers; restriction endonucleases
which recognised identical sequences. Sau3A recognised a tetranucleotide sequence
5-N;GATCN,-3’ that was included within the hexanucleotide sequence recognised
by a BamHI — 5-GGATCC-3’. The cohesive termini produced by Sau3A would
cohere with those produced by BamHI by T, DNA ligase. However, during DNA
inserts size determination, EcoRI and/or HindlIl was used instead of Sau3A or
BamHI. It was due to the fact that after the restricted pUC18 and A were covalently
joined, the ’hybrid site’ so produced would be once again sensitive to Sau3A, but
might not constitute a target for BamHI (i.e. 5-N;GATCC-3’) which would de-
pend upon the nucleotides adjacent to the original Sau3A site. On the other hand,
Sau3A should not be used to cut out the DNA insert in the plasmid recombinant
since some other restriction sites (e.g. those restricted by Pvul: 5-CGATCG-3’)
on pUC18 were vulnerable to Sau3A restriction too. \ fragments were cloned into
the multiple cloning site of pUC18 within the HindIIl and EcoRI restriction site,

thus the inserts could be released by these two enzymes without problem.
4.1.2 Isolation of Total RNA from Pea Cotyledons

Extraction of RNA from pea cotyledons has also been practised. The hot
SDS/proteinase K method was employed according to the protocol of Hall et al.
(1978). The homogenisation buffer used containing supersaturated boric acid could
maintain the stability of the nucleic acid and provided a buffering effect. SDS was
used as a protein denaturant in which it binded to the seeds’ polypeptide chains
via hydrophobic interactions. The binding was almost_ uniform along polypep-

tides with an amount of approximately 1.4 g SDS bound/g of polypeptide. The
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detergent linearised protein chains by breaking all the non-covalent interactions,
hence allowed proteinase K digestion to facilitate easily and removed all proteins

including endogenous nucleases.

The extraction of RNA was highly satisfactory that gave 4.5 mg of total RNA
from 50 g of pea cotyledons (Fig. 3.6). Electrophoretic analysis of this RNA on
agarose gel after glyoxal/ DMSO denaturation revealed a diffuse band of mRNA
and tRNA lying between 25S and 18S ribosomal RNA markers isolated from the
seeds (Fig. 3.7). The extraction was success because the method used was tai-
lored for cot.y]éclon RNA preparation Sil.l(‘.e pioneer work has been done on French
bean (Phaseolus vulgaris). In addition, the large amount of storage proteins re-
served for germination of pea seeds revealed that large quantities of RNA as well
as mRNA were present since the latter functioned as a template for eficient trans-
lation of proteins. This meant that even slight degradation of RNA occurred, the
significant quantity presence could compensate the lost and still provided a good
recovery after the extraction processes. The extracted pea root RNA was then
used for poly(A)+ RNA preparation. However, when this SDS/proteinase K RNA
extraction method was used on pea root, reasonable quality and quantity of RNA

was not obtained (Fig. 3.9, track no. 3 and 4; Fig. 3.14). This will be discussed

in section 4.2.

4.1.3 Selection of Poly(A)* RNA from Pea Cotyledon RNA

Preparation of poly(A)* RNA from pea cotvledon RNA employed oligo d(T)-
cellulose affinity chromatography. Pioneer work on purification of biological active

rabbit globin mRNA was done by Aviv and Leder (1972). The method depended
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upon annealing polyadenylic acid rich mRNA to oligothymidylic acid residues im-
mobilized on cellulose resin and subsequent its elution with buffer of low ionic
strength. The abundant content of poly(A)* RNA in total pea cotyledon RNA
allowed a recovery of 145 pg of the former after the oligo d(T)-cellulose chromatog-
raphy. Théy were then used for construction of a pea cotyledon cDNA library. In
contrast, such purification method did not work W?H on pea root mRNA selection

and a more detail discussion was attempted in section 4.3.
4.1.4 Construction of Pea Cotyledon ¢cDNA Library

A ¢DNA library was-a mixture of clones constructed by inserting cDNA into a
suitable vector. The term library implied the existence of large number of different
recombinants. With the use of purified pea root poly(A)* as a template, cDNA
cloning could be proceeded. As mentioned in section 1.4, several methods were
available for generating a cDNA library. Thus the strategies used for selection of
a proper cloning route were important. In the present work, since the library after
construction would ‘b'e screened with nucleic acid probes, basically any method
outlined in section 1.4 would suffice. Nevertheless, preparation of a complete, full-
length ¢cDNA library (in pea seed as well as peé root later) was the chief aim.
The ideal one should compose of greater than 5000 different ¢cDNAs which have
a probability of greater than 99% in finding a specific sequence that represented
about 0.1% of the mRNA population. Besides, the magnitude of members in the
library should range from 10%-10° using plasmid as vectors. Therefore the choice

of a suitable method should base on these criteria.

For cloning cDNA by homopolymer tailing (section 1.4.1), the used of 51 nu-
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clease could eliminate unpaired sequences at the hairpin, nucleotides that were
derived originally from the 5’ ends of mRNA. Moreover, the enzyme might at-
tack double-stranded termini and introduced nicks into double-stranded molecules.
The homopolymer tails were also provéd refractory to enzyme removal (Eden et
al., 1982). Thus not only was it i_mpossible-to produce full-length ¢cDNA but
also the ability of termiral tré.nsferase to tail at nicks or gaps created branched
structures that interfered with cloning. For the Heidecker and Messing method
(1983) (section 1.4.4) and Okayama and Berg method (1982) (section 1.4.3) or its
derivatives vector-primed cDNA cloning. they were effective methods for generat-
ing full-length ¢cDNA clones. However, these approaches required more difficult
and time—conéuming initial preparation than traditional cDNA cloning protocols,
so they were not t.ile method of choice. Eventually, a method that obviated the
use of S1 nu.cllease by employing the RNA replacement strategy which also al-
lowed improvement of cDNAs length prepared was used. Also, adaptors instead of
linkers to bridge the ligation between ¢cDNAs and plasmid vectors were choosen.
The difference.stemed from the three steps of meihyla.tion, ligation of hinkers, and
cleavage of linkers és contrasted with the one step of ligation of adaptors that the
former was obviously more labour intensive. The commercial cDNA synthesis kit
provided all these advantages together with all the ready-to-use materials were

therefore used for the library construction.

 The vectors of choice for cloning were pUC19. Such plasmids have largely
~ supplanted conventional pBR322 for the following reasons: (1) they had multiple
cloning site (2) they could be propagated at a higher copy number and smaller in

- size (3) they contained a promoter for g-galactosidase which could direct attention
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exclusively. to clones with inserts; and (4) they did not contain sequences that

inhibit transformation of eukaryotic cells (Kimmel and Berger 19387).

In thié present project, a cDNA library was constructed by the method de-
scribed in section 1.5 and.2.2.8, synthesized from pea cotyledon mRNAs, and
cloned into the EcoRI site of pUC19 using EcoRI adaptors. The primary screen-
ing of the library made use of the inactivation of the g-galactosidase gene in the
vector so that the recombinants with cDNA inserts could not utilize X-gal in the
nutrient agar. The transformants which were white colonies could then be iden-
tified from the non-transformant blue colonies. Table 3.3 shown the results of
colonies counting after the transformation and the cDNA inserts size were checked
on agarose gel electrophoresis after a series of works like plasmid DNA extraction
and EcoRI restriction. Based on the optimal transformation condition results, the
transformation efliciency was 7.46 x 10° colony forming units (cfu)/ug of DNA
insert. From the DNA inserts’ size calculated (Table 3.4); their size ranged from
335 - 1660 bp. These data suggested the synthesis of pea cotyledon cDNA and
ligation with pUC19, transformation of E. coli with recombinants and subsequent

mserts size determination were all successful.

The necess.ity to perform several transformation reactions with different aliquots
of cDNA (Table 3.2) was unquestionable. An effective way to optimize colony
forming potenti.al and colony density was to determine the saturation level of
cotyledon ¢cDNA plus pUC19 vector. Different preparation would give different
saturation points even though they contained equal masses of total DNA. Hence

1t was advisable to determine the optimal conditions and saturation point prior to

transformation.
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4.2 Isolation of Total RNA from Pea Root

The isolation of undegraded ribonucleic acid from cells and tissue involved
three steps: -(1) inhibition of endogenous nucleases (2) deproteinization of the
RNA and (3) physical separation of the RNA from the other components of the
homoge'na'te.l In case of pea roots, total RNA was attempted to be extracted firstly
by the SDS/proteinase K method which has been used pea cotyledon RNA extrac-
tion as mentioned before. However, the RNA );ield was unsatisfactory. Hence a
second trial using guanidinium salts/cesium chloride centrifugation method was
proved to be successful. Although SDS/proteinase K was a popular RNA extrac-
tion method, it was incompatible with the preparation of subcellular fractions.
The success rate with this approach vaned with different tissues and did not equal
that of guanidine-base methods. Obviously,. SDS/proteinase K method was not
suitable to pea root RNA extraction. Pea root tissues were basically a poor source
of nucleic acids. It contained high level of nucleases and the nucleic acids might
be complexed. . with secondary metabolites like phenols and carbohydrates. The
ability of ~pro'teinase K to digest the high level of nucleases in plant cells was un-
questionable. However, 1t would only be useful if peptides were covalently linked to
the RNA. Moreover, it was anyway, a type of enzyme in which kinetics, pH, tem-
perature, 1onic interaction, etc. might affect its performance greatly. Inactivation
of nucleases parallelled the kinetic efficiency of protein denaturation, and the very
high efficacies of guanidinium thiocyanate and guanidinium chloride proved to be
a more effective denaturant. Besides, selective precipitation based on solubility us-
ing lithium chloride (Aufifray and Rougeon 1930) to physically separate the RNA

from the other macromolecular components i the homogenate was nonquantita-
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tive. Such problem was serious as the root RNA concentration in the homogenate
was very low. Therefore, quantitative recovery of RNA in a very dilute RNA solu-
tion by cesium chloride dense solution ultracentrifugation (Chirgwin et al., 1979;

Glisin et al., 1974; Ullrich et al., 1977) was the method of choice.

4.3 Isolation of Poly(A)* RNA from Pea Root Total RNA

Posttraﬁsctiptional polyadenylation was a common feature of the biogenesis
of most eukaryotic mRNAs. T(-) separate pea rootApoly(A)1L RNA from all oth-
ers, oligo d(T)-cellulose chromatography was the technique used throughout the
cloning process, which had been used previously to extract pea cotyledon poly(A)*
RNA. This method was generally effective in which it could reduce the content of
rRNA and removed tRNA from mRNA preparations. Oligo d(T)-cellulose resin
also has high binding capacity per gram and a noncollapsible matrix. This per-
mitted th’er use of small columns and small-volume batch techniques for binding,
washing and eluting. But unfortunately, the éttempts to isolate pea root poly(A)*
RNA frgm the bulk RNA were failed -a.nd the possible reasons were analysed as

followed.

The yiela of mRNA should approximate 1—3% of the input, unfractionated
RNA in plants. Higher yields indicated contamination with non-poly(A) con-
taining R’NAS, in particular rRNA. The amount of starting material used might
not sufficient to provide enough poly(A) RNA for mRNA extraction. The pres-
ence of TRNA intermingled with poly(A) RNA decreased the accessibility of the
polya(lellylatéd RNA tailed to the oligo d(T)-cellulose. Also, heated and quench-

cooled the total RNA before running the column might not have done well so that
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the mRNA has great chance of aggregating with TRNA and hence affected oligo
d(T)-mRNA binding. Existence of rRNA in the sample could be readily confirmed
by gel electrphoresis (Ogden and Adams 1987). However, owing to the time con-
straint and inadequate amount of precious RNA, confirmation by glyoxal/DMSO

gel electrophoresis had not done in the last time preparation.

Another critical point was that Higgs et al. (1983) and Montell et al. (1983)
reported a highly conserved sequence AAUAAA, found 11-30 nucleotides upstream
from the p‘oly(A) tail in most animal mRNAs (Proudfoot 1982) was necessary
for a mature 3’ end message formation before polyadenylation process started
(Delauney 1984.1)“ But such polyadenylation signal sequeﬁce in plant mRNAs were
more variable than in anim-al in terms of the actual sequences involved and their
distance from the polyadenylation site. The initial size of poly(A) tract in pea root
mRNA might considerably shorter than its animal counterparts (Palatnik et al.,
19749, 1980) which lowered their binding efficiency to oligo d(T)-cellulose matrix.
Hence mRNAs could be eluted together with the poly(A)~ RNA by loading buffer.
A careful examination of bona fide poly(A)~ RNA has revealed the existence of a
small amount of mRNA activity (Kaufmann et al., 1977; Sonenshein et al., 1976;
Palatnik et al., 1979) . On the other hand, oligo d(T)-cellulose has been reported to
have a requirement for a minimum poly(A) length of approximately 15 residues and
has been shown to have significant contamination of its nonbinding fractions with
polyadenylation mRNAs (Rosenthal et al., 1983). Moreover, a major disadvantage
of oligo d(T)-cellulose was the short length of oligomers generally used to prepare
the resin (usually a maximum of 18-30 dT residues). This lead to inefficient binding

of mRNA molecules with relatively short poly(A) tails and hence, contamination
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of the nonbound fractions [poly(A)~ RNA] with some true poly(A)* RNA. This
matrix was also unable to fractionate the poly(A) tracts of mRNA by their length

difference because the oligo-d(T) tail was too short (Jacobson 1987).

In addition, most newly synthesized mRNAs contained long, postiranscrip-
tionally added poly(A) tails which shortened as the mRNAs aged in the cyto-
plasm (Palatnik 1979). This occurred in agedv pea roots which were collected for
mRNA extraction as well as their declined in me‘tabolism. Hence the isolation
of poly(A)* RNA became more difficult. Meanwhile, mRNAs with poly(A) tails
shortened below 40-65 residues have increased rates of degradation (Nudel et al.,
1979). These factors altogether might contribute to the unsuccessfulness in recov-
ery of pea root mRNAs. Suggestion was therefore made to try to use poly(U) filters
or poly(U)-Sepharose chromatography (Lindberg and Persson 1987). The latter
was especially effective as it has molecules of poly(U) which were approximately
100 nucleotides long, providing more efficient binding of short poly(A) tract of
pea root poly(A)* RNA than oligo d(T)-cellulose did, giving a more legitimate
poly(A)~ fraction. Also, the use of fresh, young pea roots which contained more
newly synthesized, long poly(A) tail mRNAs for extraction of poly(A)* RNA was
highly recommended. Finally, purification of mRN A by affinity chromatography
resulted 1n a highly enriched but nevertheless impure population of polyadenylated
molecules since contaminants, principally rRNA,-were present in variable but often
significant amounts. Therefore quantifying the poly(A)* RNA by the method of

Krug and Berger (1937) and assessment of their quality were advised before the

construction of cDNA libraries.
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4.4 Construction of a Pea Root cDNA Library

The principle, procedure and reasons of choice of the method for synthesis of
pea root cDNA were described in section 1.5, 2.2.8 and 4.1.4 respectively. After the
synthesis and ligation to plasmid vector pUC19, the DNA-plasmid recombinants
were used to transform E. coli. The colonies counting results were listed in table
3.4 and the transformation efficiency was 1.4 x 10* cfu/ug of DNA insert based on
the optimal transformation conditions result. When comparing the transformation
efliciency in case of pea root with that of pea cotyledon (7.46 x 10° cfu/ug DNA
insert, section 4.1.4) and pea shoot segments (6 x 10*/ug DNA insert; Young, R.,
unpub. result), the shoot and the root were of the same magnitude which was 10x
lower than that of cotyledon. This could roughly accounted for the much higher

abundance of mRNA in cotyledon than in root and shoot.

From the results of colonies counting, the number of non-transformants was
higher than transformants. Such a high percentage of non-transformed blue colonies
indicated that the cells might have transformed with either recircularized or oligomeric
plasmids. Although the plasmid vectors had been dephosphorylated using alkaline
phosphatase to prevent self-ligation and subsequent nmimgel checked to confirm the
absence of recircularized or oligomeric plasmuds, they might present in a very low
quantities to be discovered on minigel but high enough quantities to give a high
background of non-transformant (Delauney 1984). This, together with the pos-
sibility of incomplete restriction of pUC19 plasmids before the cloning of cDNA
synthesized, contributed to the results of low recombinants to non-recombinants
ratio. Besides, the quality and quantity of intact mRNAs template might have

declined due to degradation as they were extracted and stored for certain period
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of time. The low efficiency of cDNA synthesized — 20-30% of the starting mass
of poly(A)* RNA (Dr. I. M. Evans, pers. comm.) and degradation during the

lengthy procedures should not be excluded too.

Seven of the transformants were picked for plasmid DNA extraction. After
the BamHI restriction, the size of the cDNA inserts was found ranged from 900
- 3050 bp (table 3.5). The results of sample no. 4 and 5 were excluded since the
former one .gave an insert sized over 14 kb while the latter one was only 54 bp.
The unre@sonable large DNA insert size was duev to miscalculation on partially
restricted plasmid DNA fragments and the small DNA insert probably contained

no cDNA fragment but only the EcoRI adaptors.

After another two ligation/transformation reactions, 184 more recombinants
were raised (Table 3.6) and they were all transferred to nitrocellulose filters for

colony hybridization.
4.5 Colony Hybridization of Pea Root ¢cDNA and Autoradiography

Molecular.hybridization was the formation of double-stranded nucleic acid

molecules by ééquence-speciﬁc base pairing of complementary single strands (Meinkoth
and Wahl 1984) which have been denatured. Under appropriate conditions, only
clones containing DNA sequences that shared homology with the probe would hy-
bridize. Positive recombinants could be identified by autoradiography of the filter
replicas. In the present work, the pea root ¢cDNA containing filters were first pre-
hybridized 1 a solution containing heterologous herring sperm DNA which were

rendered single-stranded after denaturation, SDS and Denhardt’s solution. The

purpose of this step was to saturate binding sites on the nitrocellulose filters that
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would otherwise lead to an acceptable background (Hanahan and Meselson 1983).
The filters were then incubated in the same solution containing the radioactively
labelled p‘robe and the heterologous DNA overnight to allow hybridization to take
place. The filters were then washed under conditions of fixed temperature but
varying salt concentration such that only specific hybrids were stable. Such a se-
ries of post-hybridization washes of increasing st}ringency at lower ionic strength
aimed to remove those non-hybridized DNAs. SDS was also used to assist the
removal of non-specifically bound probes. The location of the hybrid molecules

was then determined by autoradiography.

SDS addeci in the prehybridization/hybridization solutions generated a lot of
bubbles, removal of them were necessary to prevent nefficient hybridization. Since
the ¢cDNA probe from pea root was used to identify its related cDNA sequence,
the high stringency wash using low SSC concentration was omitted to prevent de-
hybridization. However, the exact relationship between stringency and sequence
homology depended on base cémposition, the len'gth of the probe and the their
homologous regions. Hence 1t wa.s ditficult to determine other than empirically

(Wahl et al., 1987).

From the autoradiography taken (Fig. 3.28), the numbers of colonies of differ-
ent intensity of h‘-ybridization from strong, medium, weak to very weak were 10,
24, 41 and 65 respectively. The background was not serious and those strongly hy-
‘briclized recombinants could be identified easily. The most frequent cause of back-
ground was the cDNA probe itself but not the time of prehybridization. There-

fore careful preparation and labelling of probe were essential. Moreover, it was

sometime difficult to distinguish true positive signals from ”spontaneous” spots,
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speckles, and smears that appeared on the film. The causes of false spots might
be simply a cosmic ray, a contaminated cassette or screen, or the static electricity
released by crushing plastic wrap. It was thus recommended a pair of duplicate
filters from each master plate could be made. Spurious dark spots which present

on only one filter of a pair. could safely be ignored.

The use of pea root cDNA probe to hybridized with its own ¢cDNA library
aimed to identify the clones which were abundant in pea root. The sequence could
be responsible for encoding important root specific proteins. The abundant clones
could be picked out by superimposing the film and the master filter. However, not
all of the abundant sequences were abundant enough to give a clear signal, cDNA
which were short relative to the length of the probe could give a relatively weak
signals for their abundance class. Also, some non-cDNA mserts contaminant and
some colonies EwithAout insert might present. Hence the cDNA probe should have
identify all the very .abundant ¢cDNA clones but only about half of the abundant

cDNAs (Gatehouse 1985).

Nick-translated 32P-labelled nucleic acids were the most widely used probe
in nucleic acid hybridization. Recently developed in vitro transcription systems
to generate ssRNA probes (Greeﬁ et al., 1983) were claimed to have advantages
over nick-translated DNA. In addition, non—radioac‘tive_ probes like nick-translated
DNA containing biotin-labelled nucleotides (Brigati et al., 1983; Langer et al.,
1981) and enzyme-linked nonradioactive assay (Leary et al., 1933) were developing
which eliminate soﬁje of the disadvantages of radioactive probes (e.g. short half-

life, high cost, hazardous nature, imnconvenience, etc.).
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4.6 Analysis on Pea Root cDNA Inserts

After aligning the film with the master filters, nine most intensely hybridized
colonies were picked out for'minipreps and agarose gel electrophoresis for inserts
size assessment (Fig. 3.29). The restriction endonuclease first used was BamHI.
The restriction was.done and the inserts size were ra.ﬁged from 1.28 - 7.85 kb (Table
3.7). One BamHI site was found in the multiple cloning region of pUC19. After the
insertion of pea root cDNA into such region, the number of fragments generated
followed the BamHI restriction would be one or more depended on whether the
¢DNA inserts happened to have BamHI site(s) on or not. From table 3.7, sample
no. 5 contained no ¢cDNA insert but just linearised plasmid pUC19 vectors. This
could be seen clearly on the gel which were comigrated at same position with the

EcoRI restricted pUC19 (Fig. 3.29, track no. 1, the 5th band from top).

Afterward, the extracted DNA were restricted with EcoRI (Fig. 3.31). How-
ever, one or more DNA bands were seen on each sample with no linearised pUC19
vec:tor bands except on track no. 3 (Fig. 3.31) which shown a possible vector band
and t\-}VO inserts. Hence incomplete digestion was suspécted. Since minipreparation
of plasmid DNA by alkaline method might cause some enzymes including EcoRl
worked less well on it than on highly purified DNA (Mamatis et al., 1982). This
problem could be avoided, as suggested by Maniatis, by increasing the amount
of enzyme twofold to threefold and/or by carrying out the digestion in larger re-
action volumes (20-50p1) so that any inhibition in the DNA were diluted. Then
another two si‘milar restrictions using more EcoRI and a freshly prepared miniprep
DNA were performed respectively (Fig. 3.22 and 3.33). Out of expectation, the

results shown were similar to the one done at the first time. This proved that the
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muinipreps and the restriction done so far have no problem. Because of the odd
results, a Southern Blot was done using radiolabelled pea root cDNA as a probe to
confirm ¢cDNAs were defimtely cloned into the plasmids. Various dark hybridized

bands were shown on film after development, supporting the above argument.

Accor_ding to the Southern Blot .a,u_toradiograph m Fig. 3.35, the restriction
patterns were primarily investigated. Sample no. 2 might contain the vector-
¢DNA recombinants that were unrestricted by EcoRI. Sample no. 3 contained
pUC19 vectors with two cDNA inserts in which the smaller size inserts were more
abundant. Sample no. 4, 6 and 10 contained ¢cDNA inserts which could be existed
alone and/or linked with some other DNA fragments because DNA bands with
different size were hybridized. In sample no. 5 and 9, no ¢cDNA insert was found.
This -proved' that sample no. 9 actually contained no insert but only the pUC19
vectors and the insert size calculated in table 3.7 could be a mistake on migration
distance measurement because the DNA bands( on the gel were distorfed after a
high voltage (110V) electrophoresis. Sample no. 7 and 8 contained cDNA inserts
which were highly abundant in pea root since the hybridization was exceptionally
imntense. For sample 7, similar situation was happened as that in sample no. 4, 6
and 10 while in éample no. 3, cleavage site mi ght have altered that generated a

shghtly larger vector with a very small but abundant ¢cDNA insert.
4.7 Possible Explanations on the Unexpectable Restriction Patterns

The possibility of partial restriction by EcoRI to give the results shown on Fig.
3.31, 3.32 and 3.33 was low. It was because no vector band was seen on the gel

except only one sample. Hence an alteration in EcoRI restriction sites might have



taken place. The reason behind was not certain but possible explanations were

attempted to make as followed.

During the cloning betﬁeen plasmid and ¢cDNA, adaptors were added to bridge
them together. Réady-made adaﬁtors which formed a duplex containing a phos-
phorylated blunt end and a non-phosphorylated EcoRI overhang were used (Bahl
et al., 1978; Rothstein et.al., 1979). Use of synthetic oligomers for cloning the
blunt end pea root ¢cDNA fragments involved two ligation reactions. The first
was the ligation of.the adaptors to the fragments to be cloned. The second was
the ligation of these tailored fragments to plasmids pUC19 vectors. The last step
before ligation to the vector molecules was the removal of excess adaptors by gel

chromatography. Errors might arise from these processes.

The joining of the blunt-ended newly synthesized cDNAs with the blunt ends
of the adaptors utilized Ty DNA ligase. The latter has the ability to link DNA
molecules possessing blunt termini (Sgaramella et al., 1970). However, this "flush-
end” reaction was several orders of magnitudé less efficient than ”cohesive-end”
joining (Sugine et al., 1977). If the concentration of ATP in the ligation buffer was
high, accumulation of 5-adenylated intermediates (Sgaramella and Khorana 1972)
with consequent low yield of recombinant molecules would happen. In addition,
the T4 enzyme could carry out additional reactions such as the sealing of gaps in

duplex DNA (Nilsson and Magnusson 1982) and its low substrate specificity could

lead to the generation of unexpected recombinants.

Besides, DNA polymerase I was able to manipulate the DNA sequence at a

junction generated during the end-to-end joining of two DNA fragments. With the

108



presence of deoxynucleoside triphosphates (ANTPs), particular ends could be filled-
in to different extents (Donoghue and Hunter 1982). Restricted termini with DNA
polyinerase [ in the presence of ANTPs could ligate to generate site(s) of different
specificity in which no longer recognized by a specific restriction enzyme. Since
both T, DNA ligase and DNA polymerase I were used during the cDNA synthesis,
incomplete inactivation or inefficient removal of dNTPs, DNA polymerase I as
well as T4 DNA ligase by phenol /chloroform and spun column purification might
be the root of the problem. As well as the inefficient blunt-end joining between
“adaptor molecules and cDNAs, some cDNAs could be left without ligating with
adaptors. Extremities of the EcoRI restricted vectors which have been filled:
in by DNA polymerase ] treatment could be ligated to the flush-end termini of
cDNAs to generate a different restriction recognition sequence which was not able
to be identified by EcoRI. Moreover, 20-50 fold molar excess of adaptor molecules
employed to link with target cDNA mole‘cules might not be completely removed
by gel filtration, these remaining adaptors could compete with them in subsequent
steps. This enhance the potential of defined sequence oligonucleotides to introduce
specific alteration imnto a DNA sequence totally devoid of restriction sites and the

chance could not be underestimated.

Recombination systems of both host and vector origin might produce sequence
arrangements during initial plating or amplification. Apparent sequence rearrange-
ments due to reverse transcriptase artefacts have also been reported (O’ Hare et

al., 1979).

In some cases, loops at the 3’ ends of the first strands could remain due to

the tendency of reverse transcriptase-to aid the formation of second strands dur-
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ing cDNA synthesis. These loops could be used by the DNA polymerase I as
primers for second strands synthesis, resulting in molecules that were covalently
closed at the ends corresponding to the 5’ ends of the original mRNAs (Gubler
1987). Since the RNase H replacement strategy for second strand synthesis did
not involve any nuclease step, such hairpin molecules could not a,ccépt adaptors at
both ends and conseQuent.ly could not be cloned intAo the vectors. Moreover, the
exonuclease functions of DNA polymerase I has always been overlooked. Mean-
while, reverse transcriptase associated with RNase H which could cleave RNA in
het_eroduplex molecules also equipped with degradative activities. These enzymes
could displace both DNA and RNA from a template during synthesis of the second
strand. To complicate matters further, certain properties of the enzymes such as
léck of possessivity, and properties of the template, such as secondary structure
and sequences fhat were difficult for enzyme to traverse, contributed to the pro-
duction of incomplete chains; the cDNAs remain nicked or gapped. The end result
was a plethore of both single-stranded and double-stranded fragments which could

interfere with the cloning of full-length molecules.

Another possibility that created the odd restriction results could be the relaxed
specificity and site preference of EcoRI. It has been recognized for many years that
restriction enzymes would relax their specificity under certain conditions. EcoR]
cleaved GAATTC at pH 7.3 and 100mM NaCl in the presence of 5mM MgCl,
but raising the pH or lowering the NaCl concentration (Polinsky et al., 1975)
or substituting Mn** for Mg+ (Hsu and Berg 19738) or adding organic solvents
(Malyguine et al., 1980) tended to reduce their specificity. Inhibition of enzymatic

activity and sites which differed in sequence at one or two positions from the
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canonical sequences were cleaved (Woodbury et al.; 1980). Thus restriction errors
caused by the use of poor quality restriction buffer might have occurred. An
increase in the number of bands seen on the ge] after EcoRI restriction could
be an evidence of such "star” activity. On the other hand, methylation of DNA
sequences on restriction sites that prevent cleavage by enzymes might occurred
after transformation. Although eukaryotes were not generally thought to possess
restriction-modification systems, certain yeasts have been shown to possess site-
specific endodeoxyribonucleases (Watabe et al., 1981) and site-specific methylation
was to be anticipated. This could occur in the competent cells used in the project

(Lathe et al., 1983, table 6).

| Restriction enzymes almost certainly binded non-specifically to DNA as well
as to their recognition sequence (Woodhead and Malcolm 1980a) and this could
usually results in inhibition of activity. This related to the molecular properties
of restriction endonucleases which were important to their site-specific cleavage
capabilities. The positively charged chains of lysine and argimine seemed to be
important f01‘~ the hydrolytic activity and/or DNA bin.ding m EcoRI (Woodhead
and Malcolm 1930a). The activity of EcoRI depended on a uniquely reactive
carboxyl side chain (Woodhead and Malcolm 1980b) and this was interesting in
view of the strong interaction between guanine and carboxyl groups (Lancelot and

Helene 1977). Therefore, a molecular alteration on side chain could affect the

performance of restriction enzyme and its specificity.

All these factors contributed to the low yielding of cDNA and created cloning
problem. Subsequently, sequence rearrangement or alteration as well as the effi-

ciency of transformation might be affected so that unexpectable restriction pat-
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terns were shown.

4.8 Tsolation of Full-Length cDNA Clones Using pea Root-Specific

Probes

Three root-specific genes used to isolate the full-length pea root cDNA clones
were mentioned in section 1.3.5 and 2.2.7. These genes were probably first clones
isolated from a library screen which were partial cDNA clone. Once such particular
cDNA clones have been isolated, they in turn could be used as probes to screen
the library for longer cDNA clones. Using this rescreening stepwise approach, full-
length cDNA which contained the entire coding region from a large cDNA library
could be isolated. This principle was employed to isolate full-length cDNA which
contained pea root-specific gené so that subsequent analysis could be carried on

(see section 1.7).

After the partial root-specific cDNA clones were 1solated and hybridized with
pea root cDNAs, autoradiographs were taken and corresponding colonies were
identified. Plasmid DNA minipreparations were done and later restricted with
EcoRI (Fig. 3.41 and 3.42). Similarly, the restrictiéﬁ patterns shown were unex-
pectable as those which had done before. Possible reasons have been discussed in

section 4.7.

The intensity of dark spots on autoradiographs (not shown here) were lower
than the one done before using pea root ¢cDNA as probe (synthesized in the
project). This might due to the depreciation of master filters resolution after
several preparation. This caused the probes hybridized weaker to the replica fil-

ters so produced. In addition, storage in the refrigerator might result in the plates



becoming contaminated, a process that would destroyed the library.

Since the probes used were excised from plasmid recombinants with a restric-
“tion endonuclease EcoRI and gel purified to remove the plasmid sequences, abso-
lute separation between plasmids vector and the DNA inserts might not be at-
tained. The inserts would be contaminated with plasmids sequences which would
also be radiolabelled. As the pea root ¢cDNA library constructed with similar
pUC19 plasmi’c-l vectors was screened with such probes, all the colonies in the li-
brary would hybridize to the probe or to the contaminants or to both. A large
irrelevant colony might hybridized better, by virtue of the large amount of the

desired recombinant plasmid and hence contributed to errors.

Probe pPR179 hybridized much stronger to the corresponding cDNA clone
than the other two probes pPR287(A) and pPR340. From Fig. 3.41, only sample
no. 1 contained the pUC19 vector and a DNA insert while sample no. 5 was
unrestricted vector with no insert in. Restriction patterns after electrophoresis
probed by pPRQST(A) and pPR340 inserts were shown in Fig. 3.42. Sample no.
4 contained no ¢cDNA insert but only EcoRI restricted pUC19 vector. Sample no.
8 and 10 were purely unrestricted/partially restricted pUC19. All the remainings
were virtually a mixture of cDNA alone and/or ligated with DNA fragment (pUC19

vector?). Contaminant DN As ligated with the inserts were not impossible.

Conclusively, the enzymatic conversion of mRNA into double-stranded cDNAs,
their insertion into appropriate vectors, transformation and subsequent screening
were in sum a difficult and inefficient process. Hundreds of criteria and factors

were affecting the formation of a representative library as well as the isolation of
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specific clone(s) which we were interested in. Careful manipulation during the
processes, use of high quality materials and choice of suitable protocols to follow
were all of paramou-nt important. These parameters should often be balanced in
order to obtain satisfactory results though they were not guaranteed unless one

has got his promising results on hands.
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SUMMARY

1. A complete pea root ¢cDNA library was constructed by using poly(A)* RNA

purified from pea roots total RNA.

2. Guanidinium/Cesium chloride extraction method was proved to be effective
in isolating total pea root RNA from the tissues while hot SDS/proteinase K

method was not suitable.

3. Oligo-d(T) cellulose affinity chromatography for pea root poly(A)* RNA
purification was not satisfactory. Other methods, like poly (U)-sepharose chro-

matography, were suggested.

4. After pea root ¢cDNA synthesis and cloning into dephosphorylated pUC19
vectors, E. ¢olr. competent cells transformation, colony hybridization and autora-

diog'ra.phy,.pea root-abundant cDNA clones were isolated.

5. Selected cDNA-pUC19 recombinant clones were restricted with restriction

endonuclease(s) (e.g. EcoRI, BamHI) to assess the cDNA inserts size.

6. Pearoot-specific partial DN As were also purified from plasmid recombinants
which have been constructed previdusly and radiolabelled to function as nucleic
acid probes for ﬁﬂl-length cDNA clones isolation from the library. Restriction
patterns shown after EcoRI digestion revealed that some artefactual cDNAs were

synthesized.

7. Possible reasons included: errors during the processes of enzymatic cDNA
synthesis; the ligation among ¢cDNAs, EcoRI adaptors, and pUC19 plasmid vec-

tors; relaxed specificity of restriction endonuclease as well as methylation.
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