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SYNOPSIS

The plant molecular biology group at NCL initiated the
work on rice genome as early as 1978, mainly because very little
data on rice DNA was available at that time. In fact, Deshpande
and Ranjekar's report in 1980 [1] was probably the first one
in which they showed that the repetitive DNA content in rice
was 50%. Later, Gupta et al [2] reported that these DNA sequen-
ces remained uninterspersed with single copy DNA sequences
at a DNA fragment length of 6.5 kbp. This was considered to
be a very unique observation at that time, in view of the wide-
spread occurrence of interspersion of repeat and single copy

DNA segquences in all the plant genomes studied till then.

In the present work an indepth analysis of rice repetitive
DNA sequences has been carried out with a main objective of
gaining more infqQrmation about their distribution and organiza-
tion in different rice cultivars and in two different tissue
systems mainly embryo and shoot. Some of the important results

obtained during the study are summarised below.

1. NOVEL DNA SEQUENCE ORGANIZATION IN RICE GENOME

In order to find out if the unique genome organization

pattern of rice (Oryza sativa cv. Basmati 370) observed at

a DNA fragment length of 6.5 kbp persisted even at a higher

DNA fragment length, reassociation of high molecular weight rice



DNA ( 20 kbp) was studied at a limit Cot value of 50. It was
found that the percentage of reassociation of rice DNA was 56%
at this Cot value as compared to 52% at a fragmeﬁt size of 6.5
kbp. Thus, there was no significant increase in reassociation
with an increase in DNA fragment length. The decrease in percent
reassociation after S1 nuclease was from 56 to 48% in case of
20 kbp rice DNA as compared to 52 to 48% in case of 6.5 kbp.
Hence, it was concluded that repeated and single copy DNA sequen-
ces were uninterspersed in rice genome even at a high DNA frag-

ment length of 20 kbp.

DNA sequence organization was also examined in two other
rice cultivars namely Ratnagiri-24 (R-24) and Sona and these
cultivars again exhibited the lack of interspersion as in case

of Basmati 370 at a DNA fragment length of 20 kbp.

2. HIGH THERMAL STABILITY OF RICE REPETITIVE DNA

Thermal stabiiity of rice total DNA and two repetitive
DNAs namely Cot 0.1 (highly repetitive) and Cot 50 (total repe-
titive ) from the rice cultivar Basmati 370 was determined.
As compared to total rice DNA (Tm=85.1°C), the Cot 0.1 and Cot
50 DNAs had higher Tm values of 95.5°C (G + C content=63%) and

88.9°C (G + C content=47.8%), respectively.

When highly repetitive and total repetitive DNA fragments

from rice (Basmati 370) were analyzed on agarose gels, they




revealed the presence of 1long (4-20 kbp) and short (0.2-0.3
kbp) DNA sequences. The isolated long and short repeats of
Cot 0.1 DNA showed a monophasic curve with a Tm of 94.8°C and
92.9°% respectively. The long repeats of Cot 50 had a Tm of
97.5°C while its short repeats showed a biphasic curve with
a major low melting fraction (Tm = 83.7°C) and a minor high

melting fraction (Tm = 98°¢).

3. PRESENCE OF DIFFERENT REPEAT FAMILIES IN RICE

To assess whether short and long repeats in rice consisted
of same/similar type of repeat sequences or they were independent
of each other, Southern hybridization experiments were done
using long and short repeats of Cot 0.1 and Cot 50 DNAs as probes
It was found that long and short repeats of Cot 0.1 were not
homologous to each other, whereas the long and short repeat
sequences reassociating by Cot 50 did show some homology. Based
on these data, the .following four types of repeat DNA sequences
were identified :

(a) Short repeats (0.2-0.3 kbp) reassociating by Cot 0.1.
(b) Long repeats (9-20 kbp) reassociating by Cot 0.1.
(c) Short repeats (0.2-0.3 kbp) reassociating by Cot 50.

(d) Long repeats (9-20 kbp) reassociating by Cot 50.



4. MOLECULAR CLONING, RESTRICTION ENZYME ANALYSIS AND SEQUENCING,

OF RICE LONG REPETITIVE DNA SEQUENCES

Since a cloned probe of a specific repeat family will give
more information about its organization and properties in the
genome, the 1long repetitive sequences reassociating by Cot 50
were cloned in pBR325 at BamH1 site. The Amp~Cam"Tet® colonies
were selected after transformation and out of several recombi-
nants three (pRL1, pRL7 and pRL10) were selected randomly for
further detailed characterization. The plasmids carrying the
repetitive DNA sequences were digested with BamH1 and size of
the insert was 3.4 kbp, 3.6 kbp and 3.2 kbp in pRL1, pRL7 and
PRL1O, respectively. Further restriction enzyme analysis of
the cloned DNA sequences revealed that there were no sites for
BclI and EcoRI, single site for PvuIIl and PstI and abundance

of Alul cutting sites.

The BamH1-PstI fragment (about 0.4 kbp) in pRL7 was sub-
cloned in M13mpl18 and was sequenced. The partial sequence obta-
ined showed an appreciable amount of homology with the nucleotide

sequence of 25S.rDNA fragment.

Die PREDOMINANCE AND TISSUE SPECIFICITY OF ADENINE METHYLATION

IN RICE

Analysis of total rice (Oryza sativa cv. Basmati 370) DNA,

repetitive DNA and a cloned repeat sequence using the 'A' and



= 5 =

and 'C' methylation specific enzymes namely MboI, Sau3AI, DpnI,

MspI and HpaIl indicated the abundance of adenine methylation
in all the three systems. Studies on cytosine methylation in
5'_CCGG-3' sequences suggested more of CpC methylation than
CpG; but in general, the 'C' methylation was comparatively less
than 'A' methylation. Furthermore, the presence of adenine
methylation was tissue specific ; it was predominant in rice
shoot DNA as compared to embryo DNA. This pattern was also
observed in two other cultivars of rice i.e. R-24 and Sona and
was again confirmed using a cloned probe of a specific repeat
sequence. Besides the changes in adenine methylation, there
was also a qualitative change in 5mC from CpG and CpC dinucleoti-

des in these two tissue systems.

Restriction enzyme digestion patterns of the three cultivars
under study indicated differences in specific repeat DNA sequen-

ces. For instance, Mbol and Sau3AI repeat families were present

in Sona shoot DNA ‘while they were absent in Basmati 370 and
R-24. Similarly, MspI and Hpall repeat families were observed

in Basmati 370 embryo DNA only.

REFERENCES
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CHAPTER 1

REPEATED DNA SEQUENCES IN PLANTS GENOME
ORGANIZATION, TYPES FUNCTION AND EVOLUTION.




1.1 TYPES OF DNA SEQUENCES

In the mid 1960's,the pioneering work of the Carnegie group
has established that all eukaryotes, including plants, have a
large proportion of their DNA as repeated sequences [1]. This
discovery has led to extensive investigation on various aspects
such as structure, function, organization, divergence and evolu-

tion of these sequences in animals and plants.

On the basis of reassociation kinetic experiments, the eukar-

yotic DNA can be divided into three broad classes [2].

(1) Unique or single copy or a few copy sequences : These
are present approximately as one copy per haploid genome.
Certain genes that code for proteins such as seed storage
proteins (3] and wheat histone H4 genes [4] as well as
genes for rDNA, 5S RNA and tRNA are present in multiple

copies.

(11) Moderately repeated sequences : Thase are present in appro-
ximately 1000 to 100,000 copies in all the cell and can
be resolved into two main types, long and short, depending
upon their size. Some of these sequences have been shown

to be transcribed [2].

(iii) Highly repeated sequences : These sequences consist of
clustered repetitions of relatively short sequence units.

They are located mainly at centromeric and telomeric



regions [2] and are considered to be involved in the structural

organization of chromosomes.

1.2 GENOME ORGANIZATION OF REPEAT SEQUENCES

Earlier studies on several animal DNAs have revealed two
general patterns on genome organization namely (1) 'short period’
interspersion pattern in which 100-300 bps long repeated sequences
are interspersed with longer, single-copy sequances of approxima-
tely 1000-2000 bps [5] and (ii) 'long period' interspersion patt-
ern in which approximately 5000 bp long repeated sequences are
interspersed with single copy sequences that may be as long as
35 kbp [6-11]. As compared to thes interspersion data in animals,
less information i3 availabls in plants. Studies from our labora-
tory and elsewhere have revealed that the size of interspersed
single-copy DNA seguences. in plants varies in a narrow range

of 1000-2000 bps with the exception of Vigna radiata, Gossypium

hirsutum and Pisum sativum, where other size classes are present.

The interspersed repeat sequences, on the other hand, have a
wide variety of size classes such as 50-100, 300-1000, 1250-2000

and 4000-4500 bps. Oryza sativa, Lilium usitatissimum, Cucumis

sativus and Arabidopsis thaliana are rather unique in exhibiting

a lack of interspersion at a DNA fragment length of 20 kbp, 10
kbp, 5 kbp and 65 kbp respectively and show the presence of very
long repetitive stretches [12-16]. This suggests that the classi-

fication of interspersion as simply 'short period' or 'long period'
g



or 'intermediate' is inaccurate in case of plants and that it
(1C < 5 pg)
would be more appropriate to state that plant genomes/essentially

have a 'mixed' type of interspersion pattern [17] (Table - 1.1).

Another unique feature of genome organization in plants
is the relationship between nuclear DNA content and the type
of interspersion pattern that is present in the plant. Plants
with a genome size (1C) smaller than 5 pg show predominance of
long period and mixed interspersion pattern, while genomes having
1C nuclear DNA amount greater than 5 pg show the predominance
of short period interspersion pattern. This suggests that nuclear
DNA content plays an important role in determining the overall
pattern of DNA sequence arrangement in plants and interspersion

may thus be considered as/%ucleotypic effect [41,42].

A regulatory importance was assigned to the short intersper-
sion pattern [43-48]. In the light of the occurrence of diversity
of genome organization patterns in plants, it has been suggested
that there is a pre-programming in each plant which plays an
important role in gene regulation [17]. Pre-programming refers
to a specific arrangement or distribution of different types
of DNA sequences in a given genome from the functional point

of view.

1.3 Homogeneous and heterogeneous families

To understand chromosomal functions at the molecular level,
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we need to know the characteristics of the various types of nucle-
otide sequences found in DNA. Individual sequences whether unique
(single copy) or repetitive may play an importént role only
when interacting with the other sequences in the genome or by
influencing the activity of other sequences in the cell. Thus
in order to draw biologically meaningful conclusions about the
sequence organization in the DNA molecules, it is essential to
have biologically meaningful assays for distinguishing nucleotide
sequences. One such assay developed by Bendich and Anderson
[49] and Priesler and Thompson [50] classifies repeat sequences
into homogeneous and heterogeneous families by comparison of
reassociation rates of DNAs at different temperatures. In their
terms, a 'family' is defined as a set of copies of a sequence
which are similar enough to reassociate under a given set of
conditions. According to Bendich and Anderson, a homogeneous
family contains member sequences of the same similarity, e.g.
in one family all members are related by say 70% homology, in
a second by 85% homology and so on. A heterogeneous family,
on the other hand, contains member sequences of varying similarity
i.e. ranging from nearly perfect replicas to sequences barely
similar enough to reassociate. The homogeneous or heterogeneous
families may, however, contain several hundreds or thousands
of repeat sequences exhibiting similar reasgociation kinetics.
This assay cannot distinguish each family or sequences from the
other but would give an idea about the evolutionary state of

the repeat DNA sequences and in turn the 'genome turn over' rate.



Using this assay, these authors have concluded that the repeat
families in parsley, fern, barley, daffodil and deer fern are
homogeneous [49]. Similar studies conducted byA Priesler and
Thompson on pea and mung bean have shown that the repeat families
in mung bean are mostly homogeneous while those in pea are hetero-
geneous [50]. Murray et al, have also determined the percentage
of 'true' single copy and fossil repeats in the pea and mung
bean genomes and have concluded that the genome of mung bean
is turning over at a rate slower than that of pea. These authors
have further correlated the rates of genome turn over with the
pattern of interspersion observed and have suggested that a rapid
turnover would produce extensive short period interspersion as
is seen in pea, while a slow turnover rate would result in an
increase in the average interspersion difference as observed

in mung bean [51].

Higher plant genomes undergo structural changes during plant
development as welr as over the evolutionary time periods. In
the past few years, a few examples are available wherein any
one type of nucleotide sequence/family of repeat sequences has
peen studied in sufficient depth to understand its role or funct-
ion. Classifying DNA sequences by copy number has certain draw-
backs because in renaturation kinetics experiments, the segquences
in reaction are heterogeneous mixtures and contain sequences
from different repeat families. Hence these type of experiments
do not provide adequate information on the fine structure, organi-

zation and evolution of nuclear DNA.



1.4 TANDEM AND DISPERSED REPEAT FAMILIES

In recent years restriction enzymes have served as extremely
powerful tools in (i) identification of repeated sequence families
(ii) detection of sequence-specific methylation, (iii) localiza-
tion of specific gene fragments and (iv) analyzing the overall
distribution of base composition in total DNAs as well as in

the vicinities of specific DNA sequences.

Based on restriction enzyme analysis, the following two

types of repeatfamilies have been identified [2].

(1) Tandem repeats

These repeats appear as a ladder of bands on the gel after
partial digestion with restriction endonuclease. Tne various
bands in the ladder have molecular weights which are multiples
of a basic monomer unit. Tandem repeats include satellite DNA
sequences and repeat units coding for 25 S + 18 S rDNA or 58
rRNA. The highly repeated sequences are most often arranged
in tandem arrays and are sometimes referred to as satellite DNA.
Such sequences have been studied in a number of animal and plant
species [52,53], but their function if any, is not yet knowm
and remains a subject of speculation. Cryptic satellite DNAs
have also besen identified in a number of plant species [54-65],
and some of these satellite sequences have bzen characterised

and sequenced (Table 1.2).



TABLE 1.2 : TANDEM REPEAT FAMILIES IN HIGHER PLANTS

Plant species Enzyme Remarks Reference
Arabidopsis HindIII Tandemly arranged long 66
thaliana o arrays of 180 kbp element.
Alul About 4000 to 6000 copies
_— per haploid genome.
Citrus limon BspIl Many bands representing 57
high periodicity in the
satellite DNA.
Cucumis melo HindIII Family with basic unit of 62
or 380 bps occurring in high
Alul copy number. All copies
however, are not clustered.
Cucumis Alul Family of elements of 180 62
sativus bps occurring in high copy
number. All copies however
are not clustered.
Cucurbita pepo HindIII Tandemly arranged family 67
of 351 bps elemengs present
in about 1.3 x 10~ copies.
constituting 4-8% of the
genome.
Raphanus HindIII Tandemly repeated array of 68
sativus 177 bps unit from satellite
DNA which has structural
feature common to alphoid
satellite Present in 0.6
million copies.
Secale HaeIll Four different families 56
cereale with repeat units 120, 480,

610 and 630 bps in length.
First three are exclusively
present in telomeric hetero-
chromatin,



Plant species Enzymes Remarks Reference
Sinapsis AluI Basic unit of 172 bps 64
alba HaeIIT arranged tandemly to form
and a satellite.
HinfI
Vicia faba FokI Tandem array of elements 65
59 bps in length. EsEimated
copy number upto 5x10° to
107 per diploid genome
MluIl Tandem array of 325 bps 69
fragments showing conside-
rable homology among members.
Zea mays HaeIII Basic unit of 185 bps tand- 59
emly arranged present upto
106 copies. Limited only
to knob heterochromatin.
Brassica HindIII Basic unit of 177 bps. 70
deracea Tandemly arranged which show

17 species of HindIII

family
Brassicaceae

upto 80% homology with other
satellite DNA sequences of
Crucifereae and also shows
more than 50% homology with
many tRNA genes.

Basic units of 175 bps are 70
tandemly arranged. The
Brassica napus monomer
hybridized (i) under strin-
gent conditions with all the
seven Brassica species as
well as related genera such
as Eruca and Capsella (ii)
under moderate conditions
with the genera Raphanus
Sinapsis and Crambe (iii)
under relaxed conditions
with Raphanus, Sinapsis

and Crambe.

581 15(0473)
DHA

Th- 581



Eukaryotic ribosomal RNA genes are organized as families
of tandemly repeated genes, some or all of which may comprise
the nucleolar organiser regions of chromosomes.  Each repeat
unit of rDNA contains a single transcription unit and a non-trans-
cribed intergenic spacer (IGS). The IGS region of each repeat
unit consists of an array of tandemly repeated sequences referred
to as subrepeats which are 100-300 bp in length. These studies
show that the 25S, 18S ribosomal RNA genes have been studied
with respect to their general organization, variation in copy
number and variation between different species in many plants
like wheat, rice, maize, flax, petunia, pumpkin, radish, broad
bean, and soyabean - [65, 71-87]. Variation in the number and
sequence of these repeats seems to be responsible for the rDNA
variability. The size of all these rDNA units varies between
8-12 kbp depending on the species and their copy number 1is also

variable (700-15000 copies/diploid genome).

(11i) Dispersed reéeats

These repeats do not appear as a ladder of bands on partial
digestion of DNA with restriction enzymes but are interspersed
either with single copy sequences or with other repetitive sequen-
ces in heterogeneous and non-tandem clusters. Compared to the
information available on tandem repeats in élants, relatively
less number of dispersed repeat families have been studied with

respect to their detailed organization in the genome. Studies



on animal genomes distinguish short interspersed elements (SINES)
less than 500 bp from long interspersed elements (LINES) over
5 kbp in length [53]. In higher plants, dispersed repeat families

such as AluI, BamH1, HindIII, HaeIlI and FokI have been identi-

fied (Table 1.3), but so far very few have been characterised
in detail [(95]. The function of these sequences in plants
is not known, although it was postulated earlier that they might
be involved in regulatory processes [96]. In animals, however,

they have defined roles [97].

Recently, there has been a report on the characterization

of the EcoRI repeat family (1072 bps) in Lupinus luteus L. (90].

Some interesting observations have been reported. Sequence analy-
sis showed that 33.4% of its total length was represented by
scattered simple direct repeats. Computer studies showed the
presence of three promoter. regions for RNA polymerase III. This
polymerase is believed to be directed by two internal control
regions termed Box A and B (consensus sequence : PuPuPyNNAPuPyGG
and GATCPuANNC) located 31 to 74 nucleotides away from each other.
Control regions A and B found on this EcoRI insert deviated from
the consensus sequences only by one nucleotide. Such internal
promoters for RNA polymerase III have been shown to be derived
from ancestral tRNA genes [98] and are found to be present in

the Alu sequences in primates and rodents [99].

Transposable elements have also been shown to belong to

dispersed repetitive sequences but their copy number is usually
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TABLE 1.3 : DISPERSEDREPEAT FAMILIES IN HIGHER PLANTS

Plant Species Enzyme Remarks Reference
Allium cepa BamH]1 Dispersed family with a basic 88
repeat unit of 1000 bps.
8.0x10% to 10° copies per
haploid genome.
Lilium BamH1 Dispersed family with two 89
henryi repeats of 2000 bps and 5000
bps lying adjacent and
sharing a common BamH1 site
Present in all the 12
chromosomes.
Lupinus EcoRI Dispersed family of highly 90
luteus repeated elements about
1071 bp in length.
Vicia faba BamH1 Several families ranging 91
from 250 bps to 2400 bps.
None of them organized in
a single tandem array. Show
high sequence heterogeneity
among members.
Zea mays HpalII Family of dispersed elements 92
with a basic repeat unit of
300-1300 bps
Cucurbita MboI Families of dispersedelements 93
maxima with sizes in the range of
Trichosanthes 0.5 to 5 kbp.
anguina
Cucumis sativus
Cajanus cajan
Phaseolus
vulgaris
Vigna AluI The members are extensively 94
radiata interspersed with some clus-

tering. They also occur
extrachromosomally. There

is no tissue specificity but
this family is highly species
specific. The cloned repeat
shows a number of direct and
inverted repeats and some
short palindromic sequences.




much lower. Actually it is now assumed that many of the dispersed
repetitive sequences have spread in the genome by transposition-

like events [100].

125 TRANSPOSABLE ELEMENTS

Early evidences for transposable elements produced by maize
geneticistd101] have now been confirmed by molecular analyses
in bacteria, yeast, Drosophila, maize and snapdragon. Transposa-
ble elements (mobile genetic elements, insertional elements or
transposons) are specific DNA fragments normally present in a
genome which are able to move from one site to another, either

on the same chromosome or a different one.

Only a few plant transposable elements have been isolated
and characterized (Table 1.4). A characteristic feature of trans-
posons is the presence of terminal inverted repeats which are
supposed to be the substrate for transposase activity, flanked
by direct duplication of the target site. Transposition of mobile
genetic elements generates mutations or chromosomal rearrangements
and thus affects gene expression. According to the Saedler and
Never's model ([120], transposition in higher plantsinvolves excision
of a transposable element from one position in the genome and
reintegration of the same element at another gite. Most often,
excision is not precise and the target seguence is replaced by

an imperfect duplication generating polymorphism [120].
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TABLE 1.4 : TRANSPOSABLE ELEMENTS IN PLANTS

Plants Transposon Size in kbp Refefence
Maize Ac/Ds 4.563 102,103
(Zea mays) 4.500 104

4.369 104-107
Ds 2.000 105
Ds1 0.405 108
Ds2 2.040 104,109
110
Ds 1.300 111
Mu1l 1.367 112
Mu1l 1.400 113
En(Spm) 8.400 114,115
En 8.400 113
I 2.242 116
GnI 0.700 117
BsI 3.500 100
Snapdragon Tam1 17.000 100,118

(Antirrhimum Tam2 5.000 100,118

majus) Tam3 3.500 100,118
Soybean Tgm1 3.550 119

(Glycine max)




1.6 FUNCTIONS OF REPEATED DNA SEQUENCES

Based on the extensive work on repeated DNA sequences, seve-
ral roles have been assigned to them and some of these are descri-

bed in the following paragraphs.

(1) Role in variation in nuclear DNA content

Variation in the nuclear DNA content between species is
immense [121]. Even within certain genera,the DNA content can
vary upto 10 fold [122,123]. It cannot, however, be stated preci-
sely whether the changes in the DNA content are restricted to
repetitive or unique DNA sequences alone. In order to ascertain
the nature of these changes, Hutchinson et al [124] determined
correlations between the amounts of repetitive and nonrepetitive
DNAs and total DNA contents and calculated the ratio of increase
in repetitive DNA to the increase in non-repetitive DNA. This
ratio was 5.53 and 3.91 in species belonging to the genera Lolium
and Lathyrus respectively [121]. Flavell et al [125] have shown
that plant species with DNA content above 5 pg have more repeti-
tive DNA than those with DNA content less than 5 pg. Reports
on the DNA content of millets from our laboratory [126] have
also shown that the proportion of repetitive DNA varies linearly
with the DNA content. This is true for the sihgle copy DNA also
but the slopes of the two lines are different. Above a nuclear
DNA amount of 6 pg, the content of single copy DNA remains more

or less constant while that of repetitive DNA continues to incre-
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ase. Similar observations have also been made in species belonging
to families Compositae [124,127], genera like Anemone [124,128]
and Allium [124,129] and a wide range of higher plénts [124,130].
Hence it appears that repeated DNA contributes significantly

to the genome size in plants.

(24) Role in speciation

Mechanisms that initiate speciation may involve many differ-
ent kinds of mutations or genomic changes in repetitive DNA sequ-
ences. Such mutations may create pre-mating or post-mating barr-
iers [131]. 1In repeat sequences, mutations are known that prevent
the formation of fertile hybrids between species such as between
wheat and rye. However, these mutations are not present in all
the isolates of the species. It is likely that they could have
arisen after speciation or they could have caused speciation
but were lost following the accumulation of other pre- or post-
mating barriers that have kept the species apart. Differences

in repeated sequences may result in

(a) reduced fitness of hybrids due to failure in chromosome
pairing at meiosis

(b) variation in gene expression due to changes in the famil-
ies of repeated sequences, though such. examples are yet
to be established.

(c) variation in chromosome behaviour. For example in a wheat

x hybrid, it has been suggested that the heterochromatin
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on rye chromosome prevents it from completing the replication
cycle rapidly during endosperm development to permit normal endo-
sperm development [132]. Such species specific repeat families
and their probable roie in mitotic pairing have been identified

and characterized in S. cereale and wheat [56,133].

The quantitative changes observed in the nuclear DNA amounts

have also been implicated to have a role in speciation [124].

(iii) Role as transposable elements

In mammals, the short interspersed Alul and Alul equivalent

repeats and long interspersed repeat elements are the two most
abundant and best characterized middle repetitive sequence famil-
ies [134-137]. Recent studies have revealed a highly significant
(about 80%) sequence homology between the longer unit of the
human Alul consensus sequence and the 5' and 3' portions of 7SL
RNA. The latter is the abundant cytoplasmic RNA, 300 bases in
length and forms a bart of the signal recognition particle [138].
It has been suggested that the Alul repeats are processed 7SL
RNA transripts containing 3' poly(A) segments which may have
provided the template for their reverse transcription into DNA

prior to genomic integration.

Data on the LI (long interspersed repeat family) of disper-
sed repeated sequences indicates that this family consists of
largely of incomplete, probably non-functional, processed pseudo-

gene-like copies together with a small number of transcriptionally
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active elements [137,139,140]. Further studies have shown that
these elements form part of RNA polymerase II directed transcripts
of heterogeneous nuclear RNA in a number of somatic cell lines
[141-142]. Similarities between LI elements and retro-transposons
sequences include their association with DNA rearrangements and
their occassional presence as extra chromosomal DNA [143]. Thus
both the Alul repeats and the LI elements appear to be mobile.
The LI elements possess potential internal open reading frames
which may code for transposition functions and evidence points

to their specific expression in early development.

In Drosophila, several families of dispersed repetitive
elements have been identified which correspond to families of
transposable genetic elements such as Copia-like sequences (Copia
412, 297, 17.6, mdg 1, mdg 3, B 104 [144,145], FB elements [146],

Gypsy [147], P-elements [148], hobo [149] and I-factors [150].

(iv) Role in determining chromatin structure

"In sita"

hybridization analysis performed in a number of

monocot species using labelled satellite DNAs have revealed their
association with heterochromatin regions of chromosomes including
telomeres [56,61,151], centromeres [152,153], interstitial blocks

[152], knob heterochromatin [59] and B chromosomes of maize [152].

The observation that satellite DNA and heterochromatin are

drastically reduced in nuclei with somatic functions is consistent
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with the idea that satellite DNA has some role in germ line proce-
sses i.e. meiotic chromosome pairing, recombination and evolu-
tionary processes [154]. The widespread occurrénce of highly
repeated DNA sequences coupled with their high concentration
in heterochromatin has led to a speculation on their roles in
several cellular functions [44, 155-157]. Satellite DNA sequen-
ces seem to be transriptionally inactive, as no transcripts have
been shown at different developmental stages so far investigated
[62, 68]. Different methylation patterns of melon satellite
DNA in hypocotyl and callus tissues have been demonstrated [158].
Since satellite DNAshave been generally localised in the consti-
tutive heterochromatin regions of the chromosomes which in turn
have been shown to influence the transcriptional activity of
a gene transposed in their vicinity (position effect) [159],
it is probable that such satellite DNA sequences may play a role

in the control of gene expression [160,161].

The presence bf satellite DNAs in several plant species
is reminescent of the alphoid satellite sequences that occur
in many mammals and in Drosophila [52]. Comparative data among
plants and animals have shown that such sequences are related
in primary structure (upto 50% homology) and seem to be derived
from a common monomer ancestor about 60 bps' long [52,68,162].
The sizes of repeats (monomers or dimers) are quite similar;
59 bp in V. faba [65], 180 bps in maize [59],&in radish [68],

177 bps in cauliflower [162] and in melon [63], 172 bps in African
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green monkey [169, 340 bps in man [163] & 185 bps and 370 bps
in rat [164]. The widespread occurrence of these alphoid-like
satellite DNAs among such distantly related organisms points
to the fact that some regions of the alphoid DNA sequences may
have some universal property, otherwise they would not have been
conserved to such an extent. For example, they might be recog-
nised at some stage of the cell cycle by a specific protein [165,
166] or they might participate in the organization of interphase
nuclei [167]. There is a striking coincidence between the size
of these repeat units and the length of the DNA in the mononucleo-
some, suggesting that such repeats have a role in determining
chromatin structure [168-170]. In fact, a sequence dependent
phasing of nucleosomes along repetitive DNA has been found in
mouse satellite DNA [171] and in the African green monkey satell-
ite [169]. Since these DNAs have a common size range and a rela-
ted primary structure, it has been suggested that they should
thereforehave a common origin. Recently, it has been demonstrated
that small interspersed mammalian repeated DNA sequences (SINES)
show a marked homology with several tRNA genes [98,172]. In
plants also, these sequences have been shown to be able to be
folded into a tRNA 1like sequence [162]. Such results support
the idea of a tRNA gene ancestor for some tandemly repeated nucl-
ear DNA sequences of higher plants and may probably be extended
to all eukaryotic cells. So far, there has been only one report
wherein Ray Wu et al, have shown that a moderately repetitive

sequence of rice (Oryza sativa) which is tandem in nature is
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transcribed and also shows homology with both tRNA and 5S RNA

[173].

(v) Role of repetitive DNA sequences in differentiation

Molecular studies in tissues during development have clearly
shown that the differences among specialized cells are due to
a differential gene activity. In plants, variation in gene expre-
ssion during cell development has been studied only recently
[174-1781. Results of studies on tobacco, cotton and soybean
have shown that the structural gene expression is correlated
with developmental stages [135-137]. The work on DNA characteriz-
ation to understand a molecular basis of cell differentiation

has been carried out mainly in leaf and fruit in Cucumis melo

and C. sativus [179], suspensor cells in Tropaeolum [180,181]
and epicotyl cells in pea [182]. These studies indicate that
most of the cells in higher plants have gquantitatively different
DNA in their nuclei’. This is due to a differential DNA replica-
tion in which repetitive DNA is considered to be involved. Under-
replication of repetitive DNA has been reported in a variety
of tissues among different developmental stages [179-184]. As
compared to the early studies, finer analysis have been undertaken
using a cloned repetitive DNA sequence to assess genomic rearran-
gements/alterations occuring during differentiation process.
Using such an approach, changes in the highly repeated DNA sequen-

ces in flax under tissue culture conditions are studied [185].



Similarly, amplification of nuclear DNA and changes in copy

number are observed in rice during dedifferentiation [186,187].

1.7 EVOLUTION OF REPEATED DNA SEQUENCES

The plant genome is considered to be in a state of constant
flux. These genomic changes appear to be of common occurrence
in higher plants and as such may be of greater importance in
plants than in animals. It has been proposed that genomic flexi-
bility is an important aspect of the adaptability of plants to
a changing environment [188]. These rapid changes in the genome
involve both repetitive and single copy DNA sequences. However,
repetitive DNAs are apparently changing more rapidly than single
copy segquences. The evolutionary processes appear to tolerate
more extensive changes in repetitive DNA than in single copy
sequences. Thus, an estimate of changes in repetitive DNA is
used as a parameter in understanding their role in speciation and

phylogenetic processes [189,190].

The molecular cloning and sequencing of DNA fragments has
allowed a detailed characterization of various sequence families
belonging to all reiteration classes. Comparison of seguences
of a repeat family within the species or with more or less distan-
tly related species allows one to determine the type of changes
that have occurred during evolution and gives some clues to the
possible mechanisms which have been involved. In repeat sequences,

the main changes which have been observed are point mutations,



insertions or deletions, duplications of short sequences, amplifi-
cations and variations in copy number. When these changes affect
a member of a sequence family, polymorphism and vériability are

generated which in some cases can be recognised by digestion
with restriction enzymes or more frequently remain silent, and

can be detected only by sequencing.

Data on rDNA genes in wheat, maize and Triticaceae(72,77,78,
191-193], dispersed repeat sequences in several Allium species
[88], satellite DNA in radish [68] and multigene families such
as seed storage protein genes of soybean [194-196], genes encoding
for the small subunit or ribulose 1,5-bisphosphate/carboxylase/
oxygenase of Lycopersicon esculentrim (tomato)/[agg] the histone
genes of corn [198,199] have shown that individual memebrs of
a family of repeated seguences show a greater similarity within
a species than between related species, suggesting thereby that
the individual members of a repeated family within a species
are not evolving ihdependently but in a concerted manner [(200-
202]. This concerted evolution implies homogenization of the
members of a repeated family. Various homogenization mechanisms
such as amplification, unequal crossing over, gene conversion
and transposition constitute the molecular drive of concerted

evolution.

The existence of multiple copy families implies a genomic
mechanism of amplification that may be either saltatory or cummu-

lative through successive duplications. A family of repeated
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sequences is probably the result of amplification of a sequence
previously present in one or a few copies per genome. When a
newly amplified family of repeated sequences is first stabilised
in a genome, all the sequences are probably identical. However,
accumulation of base changes renders such families heterogeneous.
Sometimes a variant sequence is propagated when individual repeats
or subsets of repeats are reamplified [56,154,203-206]. During
such a reamplification process, the repeat under consideration
is sometimes amplified along with a neighbouring single copy
or unrelated repeated sequence thereby giving rise to compound
repeating units [46,56,207]. Many of the amplification events
are never detected because they are deleted and not fixed

in the genome.

A few hypothesis such as rolling circle replication, replica-
tive loop, Okazaki fragments, unequal crossing over, transposition
and gene conversion have been put forth to explain the mechanisms
of amplification of  repeated DNA sequences [208,209]. Recently,
it has been demonstrated that small interspersed mammalian repeat-
ed DNA sequences (SINES) [172] and several tandem families 1in
plants show a marked homology with several tRNA genes. A recent
hypothesis (retroposition mechanism) suggests that the transcrip-
tion initiation boxes A and B from tRNA genes are involved in
SINE sequence amplification ([98,210]. It has been proposed that
a tRNA ancestor gene may have been transcribed, then reverse

transcribed and inserted randomly in the nuclear genome. As A



and B boxes lie inside the tRNA gene, the derived tRNA-like DNA
sequences may be amplified as long as the A and B boxes are enough
conserved. Recent experiments on Xenopus satellite (I), tortoise

(Geoclemys reevessi) and newt (Cynops pyrrhogaster) have demonstr-

ated that some monomers of a multigene family can still be used
as templates by RNA polymerase III [96,161,172,211]. DNA sequence
analysis in Drosophila and SINE families in Galago and in the
mouse B families [ 98 ] has shown that these repeated DNA
transcripts putatively possess a reverse transcription initiation
site. All such data strongly suggest a retroposition mechanism
for the SINE sequence amplification. Benslimane et al [162]
have suggested that the parental tRNA gene monomer from which
the tandem repeat family has arisen must have a short directly
repeated DNA segment (FDR) at each end. In the first step, both
strands are transcribed by RNA polymerase III. The FDR sequences
then allow the 1linear annealed transcripts to be folded into
a circular form. Reverse transcription of this circular form
then gives the double stranded complementary DNA which in turn
is used as a template for a rolling circle amplification process.
The resulting tandemly repeated DNA sequence is then integrated

into the chromosomal DNA.

Unequal crossing over is another mechanism which accounts
for the reported changes in copy number. It occurs when two
arrays of tandem repeats pair and recombine out of phase. This

results both in recombination between repeats and variation in



copy number. Evidence for unequal crossing over has come from
studies on the ribosomal gene non-transcribed spacer (NTS) varia-
nts in barley and Vicia faba [212,213], where it is most likely
that atleast part of the variation in rDNA copy number arises

from unequal crossing overs.

Gene conversion is another way to homogenize repeated DNA
sequences and at the same time to increase their variability.
This occurs through the formation of a heteroduplex between A
and B seguences. In this event, gene B acts as a sequence donor
and remains unaffected, while gene A sharing homology with B
receives a block of B sequence and undergoes variation [214].
The heteroduplex formed is then resolved by mismatch repair,
and as a result, one of the sequences has corrected a portion
of the other, possibly creating a new sequence. Evidence for
gene conversion has come from sequencing satellite DNA in radish
[68] and the non-transcribed spacer region of wheat ribosomal

genes [191].

The data obtained by Flavell et al [203] on cereal genomes
has shown that repeated sequences of a family are more closely
related to each other within a species than they are to the repea-
ted sequences of the corresponding family in another species.
They, therefore, suggest that a single amplification event 1is
not sufficient to explain the above observations, but, amplifica-
tion of an already amplified sequence has been common in cereal

genome evolution. If different members of a family of related



sequences were amplified (or deleted) in diverging species, then
the repeated sequences of this family would be more closely rela-
ted within species than between species. An.alterﬁative hypothe-
sis to account for the amplification of individual members of
a family of diverged repeated sequences has been proposed by
Smith [215,216]. By computer simulation studies, he has shown
that it is possible by expansion and contraction of a set of
diverged repeated sequences, by unequal crossing over, to form
families of identical repeated sequences from one diverged member
of an older family of repeated sequences. If different diverged
sequences of the same family are "selected" in this way during
species divergence, then this can explain how repeated segquences
of a family are more closely related within a species than between

the species.

Translocations, coupled with the processes of amplification,
unequal crossing over and gene conversion, have enabled a sequence
to spread to other Ehromosomes and eventually to all chromosomes
in a sexually reproducing population [201,217]. It 1is quite
possible that these processes have been instrumental in establish-
ing the spectrum of repeated sequences now observed in plant

chromosomes.
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CHAPTER 2

ORGANIZATION OF RICE GENOME AT A DNA FRAGMENT
| LENGTH OF 20 Kbp.




ABSTRACT

In order to find out if the unique genome organization pattern
of rice observed at a DNA fragment length of 6.5 kbp [6] persisted
even at a higher DNA fragment length, reassociation of high molecu-
lar weight rice DNA ( 20 kbp) was studied at a limit Cot value
of 50. The percentage of reassociation of rice DNA was 56% at
Cot 50 as compared to 52% at a fragment length size of 6.5 kbp
indicating that there was no significant increase in reassociation
with an increase in DNA fragment length. The decrease in percent
reassociation after S1 nuclease was from 56% to 48% in case of
20 kbp rice DNA as compared to 52 to 48% in case of 6.5 kbp DNA.
Based on these data, it was concluded that repeated and single
copy DNA sequences were uninterspersed in rice genome even at
a high DNA fragment length of 20 kbp. DNA sequence organization
was also examined in two other rice cultivars namely Ratnagiri-
24 (R-24) and Sona at a fragment size of 20 kbp, and these again
exhibited the lack gf interspersion of repeated and single copy

DNA sequences as in case of Basmati 370.



2.1 INTRODUCTION

During the study of genome structure and genome organization
in higher plants in our laboratory and elsewhere [1-10], it has
been shown that plants exhibit a great diversity in genome organi-
zation patterns and that this diversity arises mainly due to varia-
tions in the 1length of interspersed repeat DNA sequences. The
work on rice genome was initiated in our laboratory as early as
1978, mainly because very little data on rice DNA was available
at that time. Deshpande and Ranjekar [11] and Gupta et al [6]
showed it for the first time that the repetitive DNA content in
rice was 50% and that these DNA sequences remained uninterspersed
with single copy DNA sequences at a DNA fragment length of 6.5
kbp. Absence of interspersion in rice genome at a DNA fragment
length of 6.5 kbp was considered to be a very unique observation
at that time in view of the widespread occurrence of interspersion

of repeat and single copy DNA sequences in plant genomes.

The aim of the present study was to check whether the unique
pattern of absence of DNA sequence interspersion in rice persisted
even at a higher DNA fragment length of 20 kbp. In addition,
I wished to find out if the genomes of two more varieties of rice
also showed the absence of interspersion between repeated and

single copy DNA sequences.
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2.2 MATERIALS AND METHODS

2.2.1 Seed material and germination

Seeds of rice (varieties : Basmati 370, Ratnagiri-24 (R-24)
and Sona) were thoroughly washed first with water and then with
50% alcohol and finally soaked overnight in distilled water.
They were grown on wet cotton in dark for about 8-10 days. Shoots
(10-15 cm height) were cut one inch above the surface and were

stored at -70°C till further use.

2.2.2 Chemicals, materials and enzymes

All the chemicals used throughout the work were of Analytical
Reagent (AR) or Guaranteed Reagent (GR) grade. They were obtained
from British Drug House (BDH), E. Merck, Glaxo or Sarabhai Chemi-

cals, India.

Chloroform and'ethanol (Swastik Laboratory Pvt. Ltd., Pune)
and phenol (SD's Lab-Chem Industry, Bombay) were freshly distilled
prior to use. Fine chemicals such as Tris (Trishydroxymethyl
amino methane), SDS (Sodium dodecyl sulphate), Pipes (Piperazine-
N-N'-bis 2-ethane sulfonic acid) buffer and agarose were from
Sigma Chemical Co., USA. Enzymes like RNase A and Protease were
also from Sigma Chemical Co., USA. DNA molecular weight markers,
A DNA digested with HindIII, @$X174 RF DNA digested with HaeIII

and S1 nuclease were from Bethesda Research Laboratories, USA.
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2:2:3 DNA isolation

DNAs were extracted from the frozen tissue by a combination
of procedures of Marmur [12] and Ranjekar et al [13]. The frozen
plant tissue was homogenised in Tris maleate buffer (0.5 M sucrose,
0.05 M tris, 0.05 M maleic acid, 0.003 M CaClz, pH 6.0 containing
0.1% Triton X-100) in a Sumeet mixer at a maximum speed for 90
seconds. The tissue homogenate was filtered through two layers
of muslin cloth and the filtrate was spun at 9000 rpm in Sorvall
Centrifuge (rotor : GSA) for 20 minutes to collect the nuclear
pellet. The latter was first washed with saline-EDTA (0.15 M
NaCl, 0.1 M sodium salt of EDTA, pH 8.0) and then suspended in
a minimum volume of the same buffer. The nuclei were lysed by
the addition of 20% SDS to a final concentration of 2% followed
by incubation at 62°C for 40 min. The suspension was cooled
and the proteins were denatured by adding 5 M sodium perchlorate

to an effective concentration of 1 M. This was followed by depro-

teinization with equal volume of chloroform : isocamyl alcohol
(24 : 1 v/v) mixture. This step was repeated till the protein
interphase was totally absent. The agqueous layer was treated

with 50 ug/ml RNase A (made DNase free by heating at 80°C for
10 min) at 37°C for 1 h and was deproteinised with chloroform
: isoamyl alcohol mixture. The DNA from the ‘agqueous layer was
precipitated with 2 volumes of chilled ethanol and the DNA fibres
were spooled out, dried and dissolved in 10 mM Tris-HCl, pH 7.4.

About 1 mg DNA was obtained from 500 g shoot tissue.
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All the purified DNA preparations exhibited optical density
ratios as A280/A260 = 0.55 and A230/A260 = 0.45 and had an absorb-
ance of less than 0.1 at 300 nm. Each DNA preparétion was also
checked by agarose gel electrophoresis using )X HindIII digest
as a high molecular weight marker DNA to determine size heteroge-
neity. The DNAs obtained were generally of an average size

20 kbp.

2.2.4 Reassociation kinetics of 20 kbp long DNA fragments by

hydroxyapatite (HAP) column chromatography

DNA reassociation in the Cot range of 5 x 10"2 M.s to 5 x

103 M.s was measured only for the rice variety Basmati 370. These
experiments were carried out by HAP column chromatography [14]
where HAP was prepared according to the procedure of Tiselius
et al and stored at 4°Cc with a few drops of chloroform. Prior

to use, HAP was checked for DNA recovery which was normally more

than 95%.

In HAP column preparation, the HAP slurry was poured into
a double jacketed column (15 x 2.5 cm) to a bed volume of about
16 ml and the column was equilibrated at 62°C with 0.12 M PB,
pH 6.8. DNA samples (approximately 500ug) in 0.12 M PB, pH 6.8
were denatured by keeping in a boiling water‘ bath for 10 min.
They were then incubated to a specific Cot value at 62°C and loaded
on preequilibrated HAP column at the same temperature. The single

stranded DNA was eluted with 0.12 M PB, pH 6.8 and double stranded



DNA was eluted with 0.4 M PB, pH 6.8 at 62°C.

The relative amount of single and double stranded DNA was
determined by measuring the absorbance at 260 nm in a Shimadzu
double beam spectrophotometer (Model UV 210 A) assuming one
absorbance unit (A26O) is = 50 ug DNA/ml. The extent of DNA

reassociation was calculated using the formula :

3 R = Y3 of DNA eluted with 0.4 M PB, pH 6.8 X 100 [16]
ug of DNA eluted with + wug of DNA eluted
0.12 M PB, pH 6.8 with 0.4 M PB, pH 6.8

The experimental data points were plotted on a semilog
scale with Cot values on X-axis and % reassociation on Y-axis.

E. coli DNA was used as an internal standard in these experiments.

2.2.5 Computer analysis of reassociation kinetics data

Since the individual DNA components are usually not well
separated in a Cot curve, various computer fitting procedures
are used to model the reassociation curves into two, three or
more ideal second order components. In the present work, the
least squares regression analysis of DNA reassociation kinetics
data was carried out by using a standard optimization subroutine
STEPIT which was written by J.P. Chandler ana distributed by

QCPE, Indiana University, USA.



Second order reassociation kinetics can be described by

the following equation :

Nla

1 + K Cot

where C = concentration of free single strands after t sec of
reassociation.
C = initial concentration of DNA in moles of nucleotides
per litre.

K = rate constant of reaction.

The error is given by the equation :

Error = C - (@
>4 s
o/ expt o| fit

and 1is minimised by a direct search procedure. The form for

C is assumed to be :

C
o

where fraction denatured

T = fraction of the genome that fails to reassociate

F. = fraction of the genome reassociating in the ith compo-

nent

K.= rate of reassociation of ith component
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To minimise the error, the parameters T, Fi, and Ki are all

allowed to free float.

2.2:6 Isolation of Sl-nuclease resistant DNA duplexes

The S1-nuclease resistant DNA duplexes reassociating in

2 3 M.s were isolated accor-

the Cot range of 5 x 10°° M.s to 5 x 10
ding to the procedure of Murray et al [4] with some modifications.
Atleast 0.4 mg DNA was used for each experiment. Native, shoot
DNA of 20 kbp fragment length was dissolved in 10 mM Tris-HC1,
pH 7.4, to which 3 M NaCl and 0.06 M Pipes buffer, pH 6.8 were
added to an effective concentration of 0.18 M and 0.006 M resp-
ectively. The samples were denatured in a boiling water bath
for 10 min and allowed to reassociate at 62°C over a range of

2 M.s to Cot 5 x 103 M.s. After reassociation, the

Cot 5 x 10~
DNA samples were adjusted to 25 mM sodium acetate (pH 4.5),
0.1 mM ZnSO4, 25 mM 2-mercaptoethanol and were treated with
S1 nuclease (0.1 U/ua of DNA) at 37°C for 20 min}17gt the end
of reaction, the proteins were removed by chloroform : isoamyl
alcohol treatment. The DNAs were finally precipitated by 2
volumes of chilled ethanol, centrifuged, dried and dissolved
in 10 mM Tris-HCl, pH 7.4. The percentage of S1 nuclease resist-
ant DNA at a specific Cot value was again determined by measuring

spectrophotometrically the absorbance at 260 nm and then using

the relationship that 10.D at 260 nm = 50 ug/ml DNA.
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2.3 RESULTS

2.3.1 Reassociation kinetics of 20 kbp 1long rice DNA (cv.

Basmati 370)

Reassociation kinetics of 20 kbp long rice DNA were studied

2 M.s to 5.0 x 103 M.s (Fig. 2.1

in the Cot range of 5.0 x 10~
(a)) and the data was analysed using the nonlinear least squares
regression analysis. From Fig. 2.1a, it is clear that the reass-
ociation curve of 20 kbp rice DNA cannot be resolved into any
kinetically distinct components. As reported by Gupta et al
[6], two components are observed in 6.5 kbp DNA curve and three
in case of 0.5 kbp DNA curve. The merging of repetitive DNA
components with increase in DNA fragment length is considered
to be an indication of interspersion of different DNA components
with each other. However, when the extent of DNA reassociation
at limit Cot of 50 is compared at 20 kbp, 6.5 kbp and 0.5 kbp
DNA fragment lengths; only a marginal increase from 52% to 56%
is observed indicating that rice DNA apparently shows no sequence
interspersion between repeated and single copy DNA sequences
even at a high DNA fragment length of 20 kbp. The merging of
different DNA components may, however, be due to interspersion

of repeat DNA sequences amongst themselves.



FIGURE 2.1 : REASSOCIATION KINETICS OF 20 kbp LONG RICE DNA

(a) Reassociation kinetics curve of 20 kbp long rice
DNA without S1 nuclease treatment. The DNA concen-
tration in each experiment was about 0.4 mg/ml
in 0.12 phosphate bufferfﬁifks'solid line indicates
the least sgquares fit, allowing all the parameters
to free float. Tne lowar dashed curve represents
the2 predicted reassociation kinetics of?pure compo-
nent.

Oo——0 Reassociation kinetics curve of standard

E. coli DNA.

(b) Reassociation kinetics of 20 kbp long rice DNA
after S1 nuclease treatment. The DNA concentration
in each experiment was about 0.4 mg/ml in 0.12
M phosphate buffer, pH 6.8.
The solid 1line indicates the least sguares fit,
allowing all the parameters to free float. The
lower dashed curves represent ths predicted reasso-

ciation kinetics of pure componants.
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2:3:2 S1 nuclease resistance of reassociated repetitive DNA
duplexes

An alternate evidence for the occurrence of interspersion
of repetitive and single copy DNA sequences in a genome is to
assess the change in % DNA reassociation before and after S1
nuclease treatment at a specific Cot value. During HAP fraction-
ation, the single stranded tails which presumably represent
single copy DNA sequences attached to reassociated duplexes
are also eluted with high salt buffer leading to an overestima-
tion of DNA reassociation values. Since S1 nuclease is known
to digest the single strand tails, it issupposed to give a fairly
accurate estimation of percentage of reassociated DNA. Thus,
a decrease in % reassociation after S1 nuclease indicates inter-
spersion of repetitive and single copy DNA sequences, while
absence of interspersion can be inferred if no significant change

is observed.

For the construction of the Cot curve of rice DNA with
S1 nuclease treatment (Fig. 2.1b),rice DNA of 20 kbp fragment
length was first reassociated to various Cot values in the range

= to 5 x ‘IO3 M.s. The reassociated duplexes were

of 5 x 10
then treated with S1 nuclease and the S1 nuclease resistant
repetitive DNA was isolated by HAP column chromatography [14].

The extent of reassociation after S1 nuclease treatment at each

Cot value was determined as described earlier. Table 2.1 gives



TABLE 2.1
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: COMPARISON OF THE % REASSOCIATION OF 20 kbp RICE

DNA IN THE COT RANGE 5 X 10~

3

- 5X 107 M.s

Cot values

. . _a
% Reassociation

(M.s) -S1 nuclease +S1 nuclease
5 x 1072 27 13
1 x 107" 28 14
1 29 17
5 33 26
10 38 32
25 46 43
50 56 Gum 48 G
100 58 50
500 65 57
1000 66 61
2000 67 69

a : values obtained from Fig. 2.1%la,b.

_) : indicates the value at limit Cot.
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the comparison of % reassociation with and without S1 nuclease

at each Cot value.

From Fig. 2.1b, it is observed that the 20 kbp (S1 nuclease
resistant) Cot curve reveals the presence of two distinct compo-
ﬁents. This is comparable with the 6.5 kbp data as reported
by Gupta et al [6]. Also, the percent reassociation after S1
nuclease treatment is considerably less at low Cot values (<
Cot 5). At a limit Cot of 50, there is only a slight decrease

from 56% to 48%.

To confirm the absence of interspersion of repetitive and
single copy DNA sequences at 20 kbp and its presence amongst
different repeat families, the extent of reassociation of S1
nuclease resistant DNAs of 0.5 kbp and 20 kbp fragment length
was compared at Cot 0.1 M.s and Cot 50 M.s where highly and
total repetitive sequences, respectively, form duplexes. From
Table 2.2, it can be seen that there is about two-fold decrease
in reassociation at Cot 0.1 at the higher fragment length after
S1 nuclease treatment whereas, no comparable difference is found
at Cot 50. This suggests extensive interspersion among highly
repeated DNA sequences and of sequences reassociating between
Cot 0.1 to 50. A comparison of percent reassociation with and
without S1 nuclease at 20 kbp, 6.5 kbp and O.S.kbp DNA fragment
lengths, tabulated in Table 2.3, indicates an absence of inter-

spersion of total repetitive and single copy DNA sequences.
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2.3.3 DNA sequence organization in two more varieties of rice

In order to assess the existence of any variety specific
variations in the DNA sequence organization pattern, a few
reassociation experiments were carried out with and without
S1 nuclease treatment at the limit repetitive Cot value of 50
in two/:fgs varieties namely Ratnagiri-24 (R-24) and Sona which
are locally available hybrid varieties of rice. The results
obtained are summarised in Table 2.4 from which two observations
can be made. First, the extent of DNA reassociation at Cot
50 in R-24 and Sona is similar to that of Basmati 370. Second,
there is very 1little decrease in percent reassociation after
S1 nuclease treatment at Cot 50. These data thus indicate
the probable absence of interspersion of repeat and single copy

DNA sequences at 20 kbp fragment length in these two varieties

also.

2.4 DISCUSSION

Earlier, Britten and Davidson [18] had correlated the biol-
ogical significance of DNA sequence organization with gene regu-
lation in eukaryotes. However, according to the present concepts
[5,19,20], it appears that variations in interspersion patterns
need not be correlated with gene regulation as one would not
expect the basic mechanism to differ in various taxa. Inste-

ad, interspersion patterns should be more related to the dynamics
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of amplification and translocation of DNA sequences [21].

Much of the repetitive DNA in eukaryotes is considered
to have evolved from periodic amplification events with members
of the resulting sequence families being subjected to transloca-
tion, base substitution and deletion. When both amplification
and deletion events occur during evolution, the portion of the
genome subjected to these processes can be viewed as 'turning
over' over a geological time scale. The genome size remains
constant under 'steady state' conditions and the rates of ampli-
fication and deletions are equal for any one species, although
different states may exist for different species. High turnover
rates would lead to short period interspersion patterns, while
low turnover rates would lead to long period interspersion patt-

erns [21].

The absence of interspersion of repetitive and single copy
DNA sequences at a DNA fragment length of 20 kbp in rice genome
indicates that repeats and single copy DNA sequences are clust-
ered. This is indeed a unique situation as the repetitive
DNA has a general tendency to be dispersed throughout the genome
rather than remaining in very long stretches without interruption
by single copy DNA sequences. Absence of interspersion of repe-
titive DNA and single copy DNA sequences has béen shown earlier
in case of flax and cucumber upto fragment lengths of 10 and

5 kbp, respectively [5,10]. Recently, it has been found in
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Arabidopsis that the sequence interspersion pattern is extremely
long, where the estimated average length of single copy DNA
sequences in about 65 kbp [22]. Considering the data in cucum-
ber, falx and Arabidopsis, rice genome appears to be unique
in its DNA sequence organization pattern. A question is raised
about the nature of forces which lead to clustering of repeat
and single copy DNA sequences and the probable significance
of this unique arrangement. Does this situation reflect a very
slow turnover of a genome? In that case, why only repeat fami-

lies undergo a selective interspersion among themselves in rice?
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CHAPTER 3

ORGANIZATION AND PROPERTIES OF REPEATED DNA
SEQUENCES IN RICE
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ABSTRACT

Thermal stability experiments revealed that. as compared
to total rice DNA (Tm 85.1°C), the Cot 0.1 and Cot 50 DNAs had
higher Tm values of 95.5°C (G + C 63.9%) and 88.9°C (G + C 47.8%)
respectively, indicating that rice repetitive DNA sequences
were highly G + C rich. Analysis by agarose gel electrophoresis
showed the presence of long (4-20 kbp) and short (0.2-0.3 kbp)
DNA sequences in both the repetitive DNA fractions. The 1long
and short repeats of Cot 0.1 DNA showed a monophasic curve with
a Tm of 94.8°C and 92.9°C, respectively. The long repeats of
Cot 50 had a Tm of 97.5°C while the short repeats showed a bipha-
sic curve with a major low melting fraction (Tm 83.7°C) and
a minor high melting fraction (Tm 98°cC) . Restriction enzyme
analysis of long repeats of Cot 0.1 and Cot 50 also confirmed

the presence of G + C rich sequences.

To assess whether the short and long repeats in rice consis-
ted of same/similar type of repeat sequences or they were indepe-
ndent of each other, Southern hybridisation experiments were
done using long and short repeats as probes. It was found that
the long and short repeats of Cot 0.1 were not homologous to
each other, whereas the long and short repeat sequences reassoc-
iating by Cot 50 did show some homology. Ba;ed on these data
four types of repeat DNA seguences namely long repeats (9-20
kbp) reassociating by Cot 0.1 and Cot 50 and short repeats (0.2-

0.3 kbp) reassociating by Cot 0.1 and Cot 50 were identified.
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3.1 INTRODUCTION

The arrangement of repeated and single copy DNA has been
studied in a number of plant species [1-8]. Based on these
studies, repetitive DNA sequences have been categorised into
long and short type of sequences with fragment lengths in the
range of 1.5-10 kbp and 0.2-1.0 kbp respectively. In animals,
repeat sequences have been characterized extensively in Drosophi-
la and Sea urchin with respect to their genomic distribution,
sequence organization and evolution [9-11]. Though, the genome
organization patterns in plants have been reviewed extensively
[(12-14], very little experimental data is available about their
repetitive DNA sequences. In the earlier chapter (Chapter 2),
I have described the novel DNA sequence organization of rice
genome at a DNA fragment length of 20 Xkbp. In this Chapter,
I include the data on thermal stability, restriction enzyme
analysis and homology studies of long and short repeat sequences

in rice (cv. Basmati 370) repetitive DNA.

3.2 MATERIALS AND METHODS

3.2.1 Chemicals, materials and enzymes

Calf thymus DNA and all the four deoxyribonucleotide tripho-
sphates were from Sigma Chemical Co., USA.
Radiolabelled d.—32P—dATP was obtained from Radiochemical

Centre, Amersham, UK.
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Nitrocellulose papers from Advanced Microdevices, Ambala,
India (MDI, type SCN, 0.45 microns) were used for Southern blott-
ing. -

Black and white ORWO or ILFORD photographic film (35 mm,
125 ASA) and X-ray film AGFA Curix RPI were used for gel photo-
graphy and autoradiography, respectively.

All the restriction endonucleases were either from Bethesda

Research Laboratories (BRL), USA or New England Biolabs (NEB),

USA.
3.2.2 Isolation of highly repetitive and total repetitive
DNA
The highly repetitive (Cot 0.1) and total repetitive (Cot

50) DNA fractions were isolated from native, unsheared rice
DNA ( 20 kbp). The DNA was dissolved in 0.18 M NaCl containing
0.006 M Pipes buffer (pH 6.8) and was denatured for 10 min follo-

wed by reassociation at 62°C to Cot 1.0 x 10"" M.s and 5.0

X 101 M.s. After reassociation, DNA samples were adjusted to
25 mM sodium acetate (pH 4.5), 0.1 mM Znso, and 25 mM 2-mercapto
ethanol [15]. S1 nuclease (0.1 U/ug of DNA) was then added
and the samples were incubated for 15 min at 37°C to digest
single-stranded DNA. The reaction was terminated by treatment
with chloroform : isoamyl alcohol (24:1 v/v mixture) and S1

nuclease resistant repetitive DNA duplexes were precipitated

with 2 volumes of chilled ethanol.
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The S1 nuclease resistant DNA samples were sized by neutral
agarose slab gel electrophoresis using 0.7% agarose gels in
TAE buffer (40 mM Tris, 20 mM acetate, 2 mM EDTA), pH 8.1 at
a constant current of 40 mA. The gels were stained with ethidium
bromide ( 1 ug/ml) in dark for 30 min and visualised on a long
wavelength 302 nm UV transilluminator (UV products, San Gabriel,
California) and photographed with a 35 mm SLR camera (Minolta
X700 with macrophotography and zoom lens system) using a red
filter. A DNA digested with HindIII and @x174 RF DNA digested
with HaeIII were used as molecular weight markers. Both the
Cot 0.1 and Cot 50 DNAs showed the presence of long repeats
(4-20 kbp) and short repeats (< 0.5 kbp). To narrow down the
wide range of long repeats, the DNA fragments in the size range
of 9-20 kbp were used for all the work. The fragments of size

4-9 kbp were termed as the intermediate repeats.

Two regions corresponding to 1long (9-20 kbp) and short

(< 0.5 kbp) repeats'were cut and the agarose pieces were submer-
ged in phenol equilibrated with tris buffer and frozen at -70°c
for 2 h. The frozen gel pieces and phenol were thawed out grad-
ually to 4-10°C and aqueous layer was collected by centrifugation
(10,000 rpm, 4°C, 10 min). This was followed by chloroform
isoamyl alcohol (24:1 v/v) treatment to remove traces of phen-
ol. The ethidium bromide from the aqueous layer was removed
by several extractions with water-saturated butanol. The DNA

was precipitated by adding 3 M sodium acetate, pH 5.3 to a



- 84 -

final concentration of 0.3 M and two volumes of chilled ethanol.

The DNA precipitate was allowed to aggregate at -20°C for 14-

16 h or at -70°C for 2 h. It was then collected after centri-

fugation, dried and dissolved in 10 mM tris-HCl, pH 7.4.

3:2.3 Thermal denaturation of DNA

To determine the DNA heterogeneity in base composition
and G + C content, thermal denaturation analysis of DNA was
carried out in Beckmann DU-8B UV-Visible spectrophotometer equi-
pped with a Tm programme cassette. The melting temperatures

(Tm) and G + C contents were calculated according to Mandel

and Marmur [16].

3.2.4 Restriction endonuclease digestions of DNA and gel elec-

trophoresis

Digestions of 1long repeat DNA sequences by restriction
enzymes and analysié of DNA digests by agarose gel electropho-

resis wereaccording to Maniatis et al [17].

For the analysis of short repeat digests, samples were
eletrophoresed on 8% or 10% polyacrylamide vertical slab gels
in TBE(X) (0.089 M tris borate, 0.089 M boric acid, 0.002 M
EDTA), pH 8.0 buffer at a constant current 6f 20 mA for 3-4

h (17]. The gels were stained and photographed as described

earlier.
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3.2.5 Southern hybridization and autoradiography

The long and short repetitive sequences were labelled using
d—32P-dATP by nick translation according to Rigby et al [18].
Transfer of DNA from agarose gels to nitrocellulose membrane,
prehybridization, hybridization and washing of the blots to
remove unhybridized radioactive material were according to Mania-

tis et al [17].

The dry filters were mounted on a thin plastic paper and
fixed in a X-ray cassette with Agfa Curix X-ray film and intensi-
fying screens. After exposure for about 24 h at —7OOC, the
film was developed with Agfa X-ray developer, washed, dried

and then photographed.

3.3 RESULTS

3.3.1 Occurrence of long and short repeats in rice repetitive

DNA

When rice Cot 50 DNA is analysed by agarose gel electro-
phoresis, it reveals the presence of both long (4-20 kbp) and
short (0.2-0.3 kbp) DNA sequences which account for 60% and
40% respectively of the total Cot 50 DNA (Fig. 3.1 A,C). The
Cot 0.1 fraction which is considered to consist of mainly highly
repetitive DNA sequences also shows the occurrence of the above
two types of repeats except that the short repeats represent

60% of the total Cot 0.1 DNA (Fig. 3.1 A,B).



FIGURE 3.1

(A7)

(B)

(c)

ELECTROPHORESIS OF HIGH MOLECULAR WEIGHT RICE DNA
WITH HIGHLY REPETITIVE (COT 0.1) AND TOTAL REPETI-
TIVE (COT 50) DNAs AND THEIR LONG AND SHORT REPEATS

High molecular weight rice DNA (lane a)

A HindIII digest (lane b)
Cot 0.1 DNA flane c)
Cot 50 DNA (lane 4d)

/dx174 RF DNA HaeIII digest (lane e)

Long and short repeats isolated from Cot 0.1 DNA

)\ HindIII digest (lane a)
Long repeats (lane b)
Intermediate repeats (lane c)

Short repeats (lane 4)

Long and short repeats isolated from Cot 50 DNA

Long repeats (lane a)
A\ HindIII digest (lane b)
Intermediate repeats (lane c)
Short repeats (lane d)

Electrophoresis was carried out on 1.0% (A) and
1.4% (B and C) neutral agarose slab gels in TAE
buffer (pH 8.1) at a constant current of 30 mA.
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3.3.2 Thermal stability of long and short repeats

As an initial step towards characterization of 1long and

short repeats, their thermal stability was first determined.

The 1°C/min melting curves of the total repetitive DNAs
and their repeat fractions are shown in Fig. 3.2 and data are
tabulated in Table 3.1. The high molecular weight rice DNA
has a Tm of 85.1°C. The Cot 0.1 and Cot 50 DNAs on the other
hand have higher Tm values of the order of 95.5°%C (G + C 63.9%,
(2/3 13.0) and 88.9°C (G + C 47.8%, 6'2/3 16.7) respectively.
This indicates that repetitive DNA sequences in rice are G +
C rich. It is interesting to note that highly repetitive (Cot

0.1) DNA in particular is very thermostable.

From Fig. 3.2 it 1is also clear that the long and short
repeats of Cot 0.1 DNA show a monophasic curve with a Tm O0f
94.8°C (G + C 62.2%, o« 2/3 5.0) and 92.9°C (G + c 57.5%, & 2/3
14.5) respectively.. The long repeats of Cot 50 DNA have a Tm
of 97.5°C while its short repeats show a biphasic curve with
a major low melting fraction of Tm 83.7°C (G + C 35.1%) and
a minor high melting fraction of Tm 98°C (G + C 70.0%). These

results show that the repeat sequences in rice, in general, are

highly thermostable except the short repeats of Cot 50.



FIGURE 3.2 : THERMAL DENATURATION PROFILES OF RICE REPETITIVE
DNAs

The DNA melting was carried out in 0.012 M PB,
pPH 6.8 at a heating rate of 1°¢c/min. A correction
factor of 14°C was added to get the actual Tm

value.
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3.3.3 Restriction enzyme analysis of rice repetitive DNA

After getting an idea about the thermal stability of long
and short repetitive sequences, they were next characterized
by restriction endonuclease analysis. Figure 3.3 A,B includes
the digestion patterns of long repeats derived from Cot 0.1
and Cot 50 with mainly G + C rich sequence specific enzymes

which include MspI, Hpall, HaeIII and Hhal. From this figure,

it can be seen that these enzymes show digestion of repetitive
DNAs, thus confirming the presence of GC rich sequences. Comments
regarding the occurrence of discrete bands and variations in
the extent of DNA digestion in case of MspI and Hpall are inclu-

ded in Chapter 5.

When long repeat sequences reassociating by Cot 0.1 and
Cot 50 are digested with Aval and EcoRV, band patterns are obser-
ved with both the fractions (Fig. 3.4). Aval shows two bands
of 4.3 kbp and 4.9 kbp while EcoRV shows a single band of 4.6
kbp in both the cases. This indicates that 5'-GPyCGPuG-3' and
5'-GATATC-3' type of sequences are present at regularly spaced

intervals in rice genome.

Figure 3.5 A,B shows the restriction enzyme digestion patt-
erns of short repeat sequences of both Cot 0.1 and Cot 50.
By polyacrylamide gel electrophoresis, it can be seen that the
short repeats are too small in size to reveal any distinct diffe-

rences.



FIGURE 3.3 : DIGESTION OF LONG REPEATS OF COT 0.1 (A) AND COT
50 (B) DNAs DIGESTED WITH DIFFERENT RESTRICTION

ENZYMES

A HindIII digest (lane a)

Alul digest (lane b)
MspI digest (lane c)
HpalIl digest (lane 4d)
HaeIII digest (lane e)
Hhal digest (lane f)

Electrophoresis was carried out on 1% (A,B) neutral
agarose slab gels in TAE buffer (pH 8.1) at a

constant current of 30 mA.

In Fig. 3.3 (A) the occurrence of a single band
in HaeIII digest and 2 bands in Hhal digest indicate
the presence of discrete repeat families in rice

genome.

FIGURE 3.4 : DIGESTION OF LONG REPEATS OF COT 0.1 AND COT 50
DNAs WITH Aval AND EcoRV

A\ HindIII digest (lane a)
Cot 0.1 Aval digest (lane b)
Cot 0.1 EcoRV digest (lane c)
Cot 50 Aval digest (lane d)
Cot 50 EcoRV digest (lane e)

. Electrophoresis was carried out on 1% neutral agaro-
se slab gels in TAE buffer (pH 8.1) at a constant

current of 30 mA.
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3.3.4 DNA sequence homology between long and short repeats

From the thermal stability data and restriction enzyme
analysis of Cot 0.1 and Cot 50 DNA fractions, it is clear that
rice repetitive DNA consists of different stretches of repeat
families showing variations in their length, thermal stability
and sequence heterogeneity. To assess whether these repeat
families belong to the same/similar type of repeat sequences
or they are independent of each other, Southern hybridization
experiments were undertaken using short as well as long repeats

of Cot 0.1 and Cot 50 DNAs as probes.

From Fig. 3.6 A,B it is observed that short repeats of
Cot 0.1 show very little hybridization to its long repeats where-
as strong hybridization is seen with themselves. However, the same
prébe shows strong hybridization to long repeats of Cot 50 DNA,
while weak hybridization is seen with its short repeats.
These results are confirmed when the long repeats of Cot 0.1
are used as probe (Fig. 3.7 A,B). This suggests that the long
and short repeats reassociating by Cot 0.1 are independent and

belong to different repeat families.

Figure 3.8 A,B shows the hybridization pattern when short
repeats of Cot 50 are used as a probe. Here hybridization
is seen with its own long repeats, while very little hybridiza-
tion is seen with short as well as long repeats of Cot 0.1.

This indicates that the 1long and short repeats reassociating



FIGURE 3.6 : AUTORADIOGRAMS SHOWING THE HOMOLOGY OF COT 0.1
SHORT REPEATS WITH THE LONG AND SHORT REPEATS OF
COT 0.1 (A) AND COT 50 (B)

(A) Cot 0.1 short repeats (lane a)
Cot 0.1 intermediate repeats (lane b)

A\ HindIII digest (lane c¢)
Cot 0.1 long repeats (lane d)
(B) Cot 50 long repeats (lane a)

Cot 50 intermediate repeats (lane b)
Cot 50 short repeats (lane c)
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FIGURE 3.7 : AUTORADIOGRAMS SHOWING THE HOMOLOGY OF COT 0.1
LONG REPEATS WITH THE LONG AND SHORT REPEATS OF
COT 0.1 AND COT 50 DNAs
(A) (B)

(A) Cot 0.1 short repeats (lane a)

Cot 0.1 intermediate repeats (lane b)

Cot 0.1 long repeats (lane c)
A HindIII digest (lane d)
(B) Cot 50 short repeats (lane a)

Cot 50 intermediate repeats (lane b)

Cot 50 long repeats (lane c)
A HindIII digest (lane 4d)
FIGURE 3.8 : AUTORADIOGRAMS SHOWING THE HOMOLOGY OF COT 50 SHORT

REPEATS WITH THE LONG AND SHORT REPEATS OF COT
0.1 AND COT 50 DNAs

(a) (B)
(A) Cot 0.1 long repeats (lane a)
Cot 0.1 intermediate repeats (lane b)
Cot 0.1 short repeats (lane c)
(B) Cot 50 long repeats (lane a)

Cot 50 intermediate repeats (lane b)
Cot 50 short repeats (lane c)
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by Cot 0.1 to 50 may belong to similar/same type of repeat fami-
lies which have undergone very little sequence divergence during
the course of evolution. These results are summarised in Table

3.2.

3.4 DISCUSSION

Characterizgtion of rice repetitive DNA by restriction
enzymes has been reported earlier [19] and a basic repeat unit
of about 300-800 bp is detected after EcoRI digestion. The
rRNA genes have also been analyzed in rice and it is shown that
the size of the rice rDNA unit 1is about 7800-8000 bp [20].
The present work describes the occurrence of different 1long
and short repeat sequences in rice genome and attempts have

been made to assess their homology with each other.

The first important feature of rice repetitive DNA is its
high thermal stability. As shown in Table 3.1, most of the
repetitive classes have Tm values much higher than the native
rice DNA. Although high melting DNA fractions have been noticed
in a few other plant species [21], the occurrence of a substan-
tial amount of high melting fraction (about 30 % of the total
DNA) in rice 1is particularly very striking. The high thermal
stability of rice repetitive DNA can be interpreted to indicate
a very low rate of sequence divergence or a recent origin of

repeats.
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TABLE 3.2 : HOMOLOGY BETWEEN LONG AND SHORT REPEATS OF
REPETITIVE DNAs

(A) Probe : Cot 1.0 x 107" M.s (Short repeats)

Repetitive Long Short
DNA repeat repeat
Cot 0.1 - +
Cot 50 + (Strong) - (Weak)

(B) Probe : Cot 5.0 x 101 M.s (Short repeat)

Repetitive Long Short
DNA repeat repeat
Cot 0.1 —(Weak) =

Cot 50° + +

RICE
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Secondly, based on the hybridization and melting data,
rice repetitive DNA consists of the following classes of repeat

sequences :

1 Short repeats reassociating by Cot 0.1 (Tm= 92.9°C) with

no homology to the long repeats reassociating by Cot 0.1.
2. Long repeats reassociating by Cot 0.1 (Tm=94.8°C).

3. Short repeats reassociating by Cot 50 with homology to
long repeats reassociating by Cot 50; and consisting of

a major low melting fraction (Tm=83.7°C).

4. Long repeats reassociating between Cot 0.1 to 50 (Tm=97.SOC)

From the above discussion, it is clear that long and short
repeats reassociating by Cot 50 show homology to each other,
indicating that they constitute same or similar type of repeat
families. Moreover, these repeats appear to have undergone
a very low degree of sequence divergence. As reported in a
few plant species k22,23], it is found that short repeats are
more diverged than long repeats. Hence, it is generally assumed
that short repeats evolve from long repeats. If this is so,
then the long repeats should exhibit higher thermal stability
because they are relatively recent in origin and have got little
time to diverge. This is exactly the case in the repeats reasso-
ciating by Cot 50 in the rice genome. As against this, there
are evidences which show that short repeats evolve from shorter

sequences such as tRNA or 5S RNA [24,25].
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The short and long repeats reassociating by Cot 0.1 do
not show any hybridization with each other, suggesting that
they belong to different repeat families or have independently

diverged.

The Cot 0.1 short repeats do not show any hybridization
with short repeats of Cot 0.1 to 50. This is rather an unexpec-
ted observation. It suggests that the Cot 0.1 short repeats
may be interspersed with other repeat families which do not
reassociate rapidly at Cot 0.1. This indicates that rapidly
reassociating sequences are not interspersed with very slow
or single copy sequences. Similar observation of interspersion
of repetitive sequences belonging to different kinetic classes

amongst themselves have been reported earlier [26,27].

Finally, the rice repetitive DNA does not show any organized

structure with most of the enzymes used except Aval and EcCoORV.

As compared to the available data on tandem and dispersed repeat
families in plants, it is for the first time that the occurrence

of families is shown in rice with these two enzymes.

Thus, from the above discussion, it is clear that we have
got some information about a gross interrelationship of long
and short repeat sequences in the rice genome. Finer analysis
can be achieved by cloning and sequence analysis of a specific
DNA fragment from these repetitive classes. These data are desc-

ribed in the next Chapter.
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CHAPTER 4

MOLECULAR CLONING, RESTRICTION ENZYME ANALYSIS

AND SEQUENCING OF A SPECIFIC LONG REPETITIVE
DNA SEQUENCE IN RICE
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ABSTRACT

Rice long repetitive DNA (9-20 kbp) reassociating by Cot
50 M.s was cloned in pBR325. Out of several recombinants (Camr
AmprTets), only a few were selected randomly for further character-
ization. The insertsize in all these clones was 3-4 kbp. Restric-
tion enzyme analysis showed absence of EcoRI and BclI sites, pres-

AlulI
ence of a single PstI and Pvull site and multiple sites for/in

three clones namely pRL1, pRL7 and pRL10.

The BamH1-PstI fragment of about 0. 4 kbp in the pRL7 insert
DNA (pRL7-0.4 kbp) was subcloned in M13mp18 and partially sequenced
using Sanger's dideoxynucleotide chain termination method. Dot
matrix comparison of this sequence with rice rDNA sequences reveal-

ed appreciable homology with the 25S.rDNA sequence of rice
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4.1 INTRODUCTION

In recent years, a large number of repetitive DNA sequences
have been cloned and characterised from a number of plant species.
Their species-specific nature has been clearly demonstrated in
closely as well as distantly related plants [1-6]. Also, specific
cloned repetitive sequences have been used as markers to study
phylogenetic relationships [7]. Besides cloning, a few repeat
families have also been sequenced [8-10] and these studies have

revealed conservation/divergence of specific repeat elements.

In the earlier chapters, I have described a unique pattern
of genome organization in rice wherein repetitive DNA sequences
are arranged as tandem arrays of length as high as 20 kbp. Fur-
thermore, I have also shown the presence of four different types
of repeat families in rice repetitive DNA. Out of these four
families, the long repeats reassociating by Cot 50 showed some
homology to the lohg and short repeat sequences reassociating
by Cot 0.1 and to the short repeats of Cot 50 itself. As a conti-
nuation of this study, I have carried out cloning and sequence
analysis of long repeats reassociating by Cot 50 and these data

are included in this chapter.
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MATERIALS AND METHODS

Vector pBR325

cloning and M13mp18 E.

in M13.

and restriction enzyme sites are described below.

and host E. coli

coli JM101

The details regarding genotypes,

DH1 were used for plasmid

system was used for subcloning
selection markers, size

The restriction

endonuclease maps of vector pBR325 and M13mpl18 are also given.

4.2.1 Vector-host systems used for cloning
Hosts name Genotype Comments
1. E. coli DHI1 F_, recAl, endAl, An MM294 derivative
gyr A96, thi-1 that is nalidixic
hsdR17, supE44 acid resistant (gyrA),
recA and suppressor
containing
2. E. coli JM101 supE, thi, (lacproA,B)/ Yannisch-Perron, C.,
F1. tra D36, proA,B et al [11]
lac 19, M15, (ry, m))
Unique

Vector name

Selection

Size

Cloning sites Refs

1. pBR325
(Fig.4.1A) Tet®

Camr, Ampr

5.9 kbp

EcoRI, Pvul, Bolivar et al

PstI, BamH1, [12]
Sall, EcoRV
SphI, NruIl,

Aval



FIGURE 4.1 : RESTRICTION ENDONUCLEASE MAP OF
(A) pBR325 DNA

(B) M13mp18 DNA
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2. M13mp18 Lac z gene, 7.25 kbp EcoRI, SstI, Norrander,
(Fig. colourless KpnI, Smal, J. et al [12]
4.1B) (white) XmaI, BamH1, . and Yannisch-
plaques in XbaI, Sall, Perron, C.
presence of AccI, HincII, et al [11]
X-gal and PstI, SphI,
IPTG HindIII

4.2.2 Prerequirements for cloning

Media : These were prepared in single distilled water and

were autoclaved at 15 psi (pounds per square inch) for 20 mins.

Heat labile components like antibiotics were filter sterilized
through autoclaved millipore HAWP membranes and substances like

IPTG, X-gal and antibiotics were added freshly to the cooled media

(45°c).

For the preparation of solid media, agar was included before
autoclaving and plates were poured after the mixture was cooled

to 45°C. The concentration of agar used was 1.5% and 2% throughout.

Composition of the medium used and the concentrations of

antibiotics and other reagents used are given below :

LURIA BROTH (LB) YT MEDIUM [14]

Tryptone 10.0 g Tryptone 8.0 g
Yeast extract 5.0 g Yeast extract 5.0 g
Sodium chloride 10.0 g Sodium chloride 5.0 g
pH 7.2-7.4 pH 7.2-7.4

Volume 1000 ml Volume 1000 ml
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MINIMAL MEDIUM AGAR [14]

M9 salts Adjust pH to 7.4 and autoclave.
NaZHPO4 6.0 g Also autoclave separately 500 ml
KH2P04 3.0 g of 3.0% agar. Cool to SSOC, combine
NaCl 0.5 g the M9 salts and the agar.

NH4C1 1.0 g

Volume 500 ml
Then add :

T ml 1.0 M MgSO4

T ml 0.1T M CaCl2
1T ml 1.0 M Thiamine-HCl

5 ml 40% glucose

PLATING AGAR

YT medium containing 6 g agar/litre was autoclaved and cooled

&
to 45°C-55°C/then the following additions were made per 3 ml.

Plating agar : 50 ul. of 2% X-gal (5-bromo-4-chloro 3-indolylbeta-
D-galactoside) in dimethylformamide (avoid plastics

with concentrated dimethylformamide)

10 ul of 100 mM IPTG (isopropylbeta D-thiogalacto

pyranoside).

AMPICILLIN : Ampicillin trihydrate was dissolved.at a concentration
of 100 mg/ml in sterile, autoclaved water. Effective

concentration of 50 ug/ml was used in the medium.
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TETRACYCLINE : Tetracycline hydrochloride was dissolved in sterile
autoclaved water at a concentration of 20 mg/ml

and was added to the medium at a final concentration

of 20 ug/ml.

CHLORAMPHENICOL : It was dissolved in ethanol (3 mg/ml) and was

used directly without autoclaving or filter
sterilization. It was added at a final concen-

tration of 30 ug/ml to the medium.

4.2.3 Growth, culturing and:storing of E. coli DHI

The strain E. coli DH1 was grown in LB. The cells were inocu-
lated from a solid medium (single colony on a plate) or a 15%

glycerol suspension in 10 ml medium and shaken at 37°% overnight.

Cells were stored as stabs at 0-4°C or as 15% glycerol suspen-
sions at -70°cC. Stabs had to be subcultured every month, whilst

glycerol cultures could be stored for atleast 6 months.

4.2.4 Growth and maintenance of E. coli JM101

To ensure that the F episome necessary for transformation
present on JM101 has not been lost, JM101 should be first grown

and maintained on a minimal medium.

The E. coli K12 strain JM101 was supplied as a liguid culture
in 50% glycerol and was stored at -20°c. For recovery, the cells

were resuspended by vortexing and then a loopful was streaked
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on a minimal agar plate. The plates were incubated at 37°C, over-

night and single colonies were picked for further work.

4.2.5 Steps involved in plasmid cloning

Preparation of target DNA

The long repetitive DNA sequences reassociating by Cot 50
and of size 9-20 kbp were isolated from rice cv. Basmati 370 as
outlined in Section 3.2.2 and were used for cloning. The digestion
and analysis of digestion mixture was carried out as stated in
Section 3.2.4. In the BamH1 digest, DNA in the range 2-9 kbp
was eluted byfrbeze -thaw method (Section 3.2.2) and was stored

in 4°C till further ligation.

Preparation of vector DNA

Preparation of vector DNA involves both the digestion with

a suitable enzyme and its dephosphorylation. Commercial plasmid
pBR325 DNA, supplied by Bethesda Research Laboratory, was checked
on 0.7% agarose gel. prior to its digestion. After confirming
the presence of a supercoiled band in the preparation, it ( 2
ug) was digested with BamH1 ( 3U/ug) as per the conditions descri-
bed in Section 3.2.4. A complete digestion of the plasmid was
confirmed by observing a single linear band of about 6.0 kbp on
the gel. The DNA was deproteinised with chloroform : isoamyl alcohol

mixture and aqueous layer was stored at 4°c for dephosphorylation.
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In order to hydrolyze 3' and 5' phosphates from the linearised
pBR325, to prevent self-ligation during ligation, treatment
with bacterial alkaline phosphatase (BAP) is essential. To 100
ng of pBR325, bacterial alkaline phosphatase (70 U/ug DNA) was
added in a total volume of 100 ul. The reaction was carried out
at 65°C for 1 h and then was terminated by two extractions with
equal volume of phenol : chloroform : isoamyl alcohol (50 : 48

2) mixture. This was followed by just chloroform : isoamyl
alcohol mixture to remove traces of phenol. Finally, the aqueous

layer was stored at 4°c tillfurther use.

Ligation of restricted plant DNA to dephosphorylated vector DNA

The BamH1 restricted rice repetitive DNA and the baptised
pBR325 DNA were mixed in a reaction volume of 100 ul containing
20 ul of 5X ligation buffer (250 mM Tris-HCl, pH 7.6, 50 mM MgClz,

5.0 mM DTT
5.0 mM dATP) and 5 U/ug of T4 DNA ligase. The reaction was carr-
ied out at 15°C for 15-16 h and then at 4°C for 48 h. After liga-

tion,the DNA was directly used for transformation.

Preparation of competent cells and transformation of E. coli DHI

Transformation of E. coli DH1 was carried out with 40 ng
and 50 ng of ligated DNA. Along with the ligated samples, uncut
plasmid pBR325 DNA (25 ng) and host DH1 cells were used as positive
and negative controls, respectively. The transformation procedure

was essentially according to Mandel and Higa, 1970 [15] with slight
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modifications. In brief, a loopful of the culture stored in

-70°C was innoculated in 10 ml LB and was grown overnight at 37°%¢.
Next 25 ml of LB in a 250 ml flask was innoculatea with 0.25 ml
of the overnight culture. The cells were allowed to grow with
vigorous shaking at 37°C, till the absorbance at 550 nm was 0.5

7 cells/ml). Subsequently, the culture

(cell density of 5 x 10
was chilled on ice for 10 min and the cell pellet was collected
by centrifugation at 6000 rpm for 5 min at 4°c. The pellet was
suspended in half of the original culture volume of ice cold,
sterile solution of 50 mM CaC12 and 10 mM Tris-HCl, pH 8.0 to
make the cells permeable for DNA uptake. The cell suspension
was incubated in an ice bath for 20-25 min and then was centrifuged
at 8000 rpm, 4°C for 5 min. The cell pellet was resuspended gently
in 1/15th of the original culture volume in the same CaClz-Tris
HCl buffer and 0.2 ml aliquots were dispensed in prechilled trans-
formation tubes. The DNA was added to the aliquots and the react-
ion mixtures were incubated in ice-bath for 40 min. Later, the
host cells were transformed by heat shock at 42°c for 3 min.
Immediately after this step, 2 ml of luria broth was added to
each tube and the tubes were incubated at 37°C for 1 h without
shaking to allow the bacteria to recover and to begin to express
antibiotic resistance. Again the cell pellet was collected by
centrifugation and was suspended in 200 ul LB;.out of which half

was spread on the prepoured selective medium i.e. Ampicillin and

normal plates which were incubated at 37°C for 18 h.
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4.2.6 Selection of recombinants and their storage

The isolated, single colonies on selection medium (ampicillin)
after transformation were picked up with sterile toothpicks and
patched on normal, tetracycline, ampicillin and chloramphenicol
plates in this order. Each transformant was numbered serially.
Plates were incubated at 37°c for 16-18 h and recombinants were
selected by their sensitivity towards tetracycline and resistance
for ampicillin and chloramphenicol. They were picked and patched
on ampicillin plates and incubated at 37°C, 16-18 h to prepare
the master plates which were finally numbered serially. The master
plates serve as a source of the desired recombinants for future

studies.

The recombinant colonies were maintained for a few weeks
on the surface of agar media as master plates (Section 4.2.6).
The plates were tightly wrapped in parafilm and stored inverted
at 4°c.

The bacterial cultures were also stored for longer period
in medium containing 15% glycerol at low temperatures/(w_i7t0hooc1:1)t
a significant loss of viability. For this purpose, a single recom-
binant colony was innoculated in 5 ml LB with ampicillin and allow-
ed to grow overnight at 37%. Then, 0.85 ml. of this overnight
culture was transferred to a sterile tube containing 0.15 ml of
sterile 100% glycerol. The contents were mixed thoroughly by

vortexing and the glycerinated suspensions were stored in -70°C.
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Viable bacteria could be removed by simply scratching the surface

of the frozen stock with a sterile platinum loop or wire.

4.2.7 Isolation of recombinant plasmid DNA

Rapid isolation method [16] : The recombinants were innoculated

in 1 ml LB containing ampicillin (50 ug/ml) from glycerol stocks
or from master plates, (1 colony/tube) and grown at 37°C, overnight,
The well-grown culture was spun and the pellet was collected in
an Eppendorf vial. The pellet was suspended in 20-30 ul of crac-
king buffer (50 mM NaOH, 0.5% SDS, 5 mM EDTA, pH 8.0 0.025% Bromo-
phenol blue). As a result of NaOH-SDS, the cells were lysed and
the DNA was released in the supernatant. The solution was then
centrifuged and 20-25 ul of supernatant was loaded on 0.7% agarose

gel (as mentioned in Section 3.2.4) to check the plasmid DNA.

Isolation of DNA by alkali lysis method

This method giQes a much cleaner DNA preparation which can
be used further for restriction mapping and analysis. It was
carried out according to Birnhoim and Doly, 1979 [17] with some
modifications. A single colony from the master plate or glycerol
stock was innoculated in 5 ml LB containing ampicillin and grown
at 37° overnight. The cell pellet was collected by centrifugation.
It was suspended in 500 ul of ice cold GET solution (50 mM Glucose,
10 mM EDTA, 25 mM Tris-HCl, pH 8.0) by vortexing and was incubated

for 5 min at room temperature. Subsequently, 1 ml of a freshly
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prepared solution of 0.2 M NaOH and 1% SDS was added to lyse the
cells and the DNA was released in the aqueous layer. The contents
were mixed well by inverting the tube rapidly two 6r three times
and then it was kept on ice for 5 min. Ice cold solution of 5M

potassium acetate, pH 4.8 (750 ul) was added to the above DNA
solution, the contents were mixed thoroughly and stored on ice
for 5 min for protein precipitation. The aqueous layer containing
the DNA was collected by centrifugation and was deproteinised
successively by equal volume of tris-saturated phenol : chloroform
: isoamyl alcohol and by chloroform : isoamyl alcohol. The agqueous
layer was treated with DNase free RNase (20 ug/ml) at 37°c for
1 h and then with chloroform : isoamyl alcohol followed by precipi-
tation of }?ﬁk presence of 0.3 M sodium acetate, pH 5.3 and two
volumes of chilled ethanol. The DNA was allowed to precipitate
at -20°c overnight or at -70°C for 2 h. It was collected by centr-
ifugation, dried, dissolved in 10 mM Tris-HCl, pH 7.4 and was
checked by agarose gel electrophoresis as outlined in Section

3.2.4.

4.2.8 Colony hybridization and autoradiography

This 1is a rapid method of detecting the presence of insert
(plant) DNA in the recombinant bacterial colonies [(18]. The nitro-
cellulose filter was layered onto the master plate (shiny surface
in contact with the colonies) and was pressed to ensure intimate

contact with colonies. Then the filter was placed on a 3 mm What-
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mann paper and soaked in the following solutions serially. Care

was taken not to shake or swirl the filters.

0.5 N NaOH - once, 7 min
1 M Tris-HCl, pH 7.4 - twice, 1-4 min

1.5 M NaCl + 0.5 M Tris-HCl, pH 7.4 - 5 times, 5 min.

Following these steps, the filter was dried to whiteness at 60°C
for 5-10 min to fix the released DNA on the nitrocellulose paper.
It was washed quickly with chloroform to remove proteins and again
dried at room temperature. Finally, the filter was soaked well

in 0.3 M NaCl and baked at 80°C under vacuum.

The procedures for prehybridization, hybridization and washing

of the blots were as described in Section 3.2.5.

The total rice repetitive DNA was labelled with « —32P—dATP

as in Section 3.2.5 and used as probe in the above experiment.

After exposure fo X-ray film at -70°Cc for 16-18 h, the film

was developed as detailed in Section 3.2.5.

4.2.9 Characterization of recombinant DNAs

The recombinant plasmid DNAs were isolated as in Section
4.2.7. The size of the insert DNAs was determined by digesting
the plasmids with BamH1 and analysing the digests by agarose gel

electrophoresis (Section 3.2.4).
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The insert DNAs, after BamH1 digestion, were isolated by
elution (Section 3.2.2) and were characterised by subjecting to

single or double digestion with specific restriction enzymes [19].

4.2.10 Steps involved in M13 cloning and sequencing

All the steps involved in these procedures were according

to the New England Biolabs, Laboratory Manual.

Preparation of target DNA : The pRL7 plasmid DNA ( 1 ug) was double

digested with BamH1 and PstlI and the digestion was checked as
described in Section 3.2.4. After ensuring complete digestion,
the digest was once extracted with chloroform : IAA mixture and

the aqueous layer was stored at 4°C till it was used for ligation.

Preparation of vector DNA : Commercially available M13 vector

DNA
/i.e. M13mp18 supplied by New England Biolabs, was checked on a

0.7% agarose gel prjor to digestion. 50 ng of the vector DNA
was double digested with about 3 U/ug BamH1 and PstI according
to Maniatis et al [19]. After ensuring complete digestion
i.e. the presence of a single band of about 7.0 kbp on the gel,
the digested DNA was deproteinised with chloroform : IAA mixture

and the aqueous layer was used directly for ligation.

Ligation of restricted target DNA to vector DNA : The restricted

plasmid DNA, carrying the rice repetitive DNA (pRL7) was ligated

to the linearised M13mp18 with slight modifications. The target
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DNA was present at about 5-fold higher molar concentration than
the vector DNA. The reaction was carried out at 16°C for 2 h

-200c
and the ligated DNA was stored at / till further use.

Preparation of competent cells and transformation of E. coli JM101

Competent cells of E. coli JM101 were prepared and were trans-
formed with the ligated DNA. For transformation, along with the
ligated DNA, positive (10 ng M13mp18 RF DNA) and negative

controls
(only the host JM101 cells in CaClz) /were also included. The

recombinant (white) plagques were purified before they were used

for the isolation of template DNA.

4.2.11 Direct gel electrophoresis (DIGE)

This involves sizing of insert DNA which is obtained by direct

lysis of cells in vivo.

For this purpose a single colourless plague was picked by
a capillary and innoculated in 2 ml YT medium alongwith 10 ul
of a fresh JM101 plating culture. The tube was incubated at 37°C
with shaking for about 6-8 h. To 20 ul of this culture, 1 ul
of 2% SDS, 2 ul of 0.1 M EDTA and 10 ul of loading buffer (50%
glycerol, 0.05 M EDTA, pH 8.0, 0.2% bromophenol blue) were added,
the mixture was well shaken and it was allowed to stand at room
temperature for about 30 min. Then, the suspension was loaded

on a 0.5% agarose gel and electrophoresis was carried out at 8-
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10 mA for about 12-14 h wusing M13mp18 single stranded template

DNA as control.

4.2.12 Preparation of template DNA

For the sequencing reaction, it is necessary to isolate the
insert DNA from the recombinant plaques in a single stranded form.
This is referred to as template DNA and it was isolated according

to the method of Schreier and Cortese [21] with some modifications.

1 ml of the 6-8 h grown culture (obtained in Section 4.2.11)
of the phage was microfuged and the supernatant containing the
phage was collected into another eppendorf tube. To this phage
solution, 200 ul of 2.5 M NaCl-20% PEG (6000) [22] was added,
the mixture was well shaken and was put on ice for 30 min for
phage precipitation. The phage precipitate was collected by centri
fugation, dried and dissolved in 100 ul of 10 mM Tris-HCl (pH
7.5)-0.1 mM EDTA. The aqueous layer was extracted once with equal
volume of tris-saturated phenol, pH 7.8 and once with chloro-
form : IAA mixture. Finally, the DNA was precipitated in presence
of 10 ul 3.0 M Sodium acetate (pH 6.0) and 200 ul of chilled etha-
nol. After keeping at -20°c overnight, the precipitate was collec-
ted, dried and dissolved in 10 mM Tris-HCl (pH 7.5), 0.1 mM EDTA.
The DNA concentration was checked by 0.7% agarose gel electropho-

resis using M13mpl18 single stranded template DNA as standard.
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4.2.13 Dideoxynucleotide chain termination seguencing method

The cloned rice repetitive DNA, isolated from the purified
recombinant plaques, was sequenced essentially according to Sanger

et al [23].

4.2.14 Casting and electrophoresis of sequencing gels

Cleaning of glass plates

Before pouring the gel, the glass plates were thoroughly
cleaned sequentially with tap water, distilled water and 70% etha-
nol. Then, only the notched plate was siliconised using about
0.5 ml of 2% silane (dichlorodimethyl silane) to ensure that the

gel did not stick to it after electrophoresis.

Preparation of denaturing 8% polyacrylamide gels and electrophoresis

The spacers of 0.6 mm thickness were placed on the clean,
siliconised notched plates. The smooth plate was aligned on it
properly and the bottom and the sides (about 3-4 inches) of both

the plates were taped and clamped properly.

The 8% polyacrylamide gel mix was prepared by mixing 20 ml
of 40% acrylamide solution (38 g acrylamide and 2 g bis-acrylamide
in 100 ml volume), 10 ml 10X TBE buffer (108 g, tris, 55 g boric
acid, 9.3 g EDTA/lit.) and 42 g urea. The solution was heated
slightly to dissolve urea and then the volume was made upto 100

ml. The solution was filtered and deaerated for 5 min and was
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a
stored at 4°c in /dark-coloured bottle till further use. Before
pouring the gel, 80 ul TEMEDN,6N,N,N',6-tetramethylethylene diamine)
and 800 ul of 10% ammonium persulphate were added' to 100 ml of

8% polyacrylamide gel mix. After pouring, the comb was immediately
inserted and the gel was allowed to set for atleast 30 min. Then,
the tapes were removed and the gel was clamped to the electrophore-
sis unit. The unit and the glass plates were maintained at a
constant temperature of about 45-50°C using a circulating water
bath. After preelectrophoresis at 800 V for 30 min, the samples
were loaded and electrophoresed at 2000 V till the bromophenol
blue (BPB) ran out. Immediately the sample was loaded again
and electrophoresis was continued till BPB just touched the lower

edge of the gel. This ‘differential migration helped to read

the sequence as proper base positions. 0.5 X TBE buffer was

used as a running buffer during electrophoresis.

4,.2.15 Autoradiography and sequence analysis

After electrophoresis, the plates were dismantled in such
a way that the gel remained evenly stuck to the smooth plate.
The gel with the glass plate was wrapped in a Saran wrap and was
exposed to X-ray film for about 16 h at -70°C. The film was then

developed as described in Section 3.2.5.
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Restriction enzyme site analysis, search for open reading
frame and dot matrix analysis (comparison) of the BamH1-PstI (pRL7-
0.4 kbp) sequence were carried out using SEQAID II program of
D. Jones which was a kind gift by Prof. Muthukrishnan, Kansas

State University, Kansas, USA.

4.3 RESULTS AND DISCUSSION

4.3.1 Cloning of rice long repetitive DNA in pBR325

The S1 nuclease resistant long repetitive DNA sequences (9-
20 kbp) reassociating by Cot 50 were used for cloning in pBR325.
To check the digestability of the DNA, it was treated with a few

restriction enzymes such as EcoRI, SalI, Pvul, Pstl and BamH1

which have unique cloning sites in pBR325 (Fig. 4.2). Out of
these enzymes, only BamH1 showed the desired digestion in the
range of 2-9 kbp and hence was used during cloning. The region
of 2-9 kbp in the BamH1 digest was eluted out, ligated to BamH1
digested and dephosphorylated pBR325 DNA; (Fig. 4.3) and the ligat-
ed DNA was used to transform E. coli DH1. The transformed colonies
were selected by their sensitivity towards tetracycline and resis-
tance towards chloramphenicol and ampicillin (Fig. 4.4) (CamrAmpr
Tet®). The presence of rice repetitive sequence in these clones

was confirmed by in situ colony hybridization using ok—32P—labelled

rice long repetitive DNA (Fig. 4.5). Out of several recombinants,



FIGURE 4.2 : DIGESTION OF LONG REPEATS OF COT 50 WITH DIFFERENT
RESTRICTION ENZYMES

Control long repeats (lane a)

A HindIII digest (lanesb & g)
BamH1 digest (lane c¢)
EcoRI digest (lane d)
Sall digest (lane e)
HindIII digest (lane f)
Pvul digest (lane h)
PstI digest (lane 1)
KpnI digest (lane J)

Electrophoresis was carried out on 1% neutral agarose
slab gel in TAE buffer (pH 8.1) at a constant current
of 30 mA.

FIGURE 4.3 : DIGESTION OF VECTOR (pBR325) DNA WITH BamHl

A HindIII digest (lane a)
pBR325 DNA uncut (lane b)
pBR325-BamH1 digest (lane c)

Electrophoresis was carried out on 0.7% neutral
agarose slab gel in TAE buffer (pH 8.1) at a constant
current of 30 mA.
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FIGURE 4.4 : SELECTION OF RECOMBINANTS ON AGAR PLATES USING ANTI-
BIOTIC MARKERS

Luria agar with ampicillin (Plate A)
Luria agar with tetracycline (Plate B)

Host culture DH1 and pBR325 were also patched as
negative and positive controls respectively. The
circled colonies on ampicillin plates were picked

up as recombinants.

FIGURE 4.5 : COLONY HYBRIDIZATION OF THE pRL RECOMBINANTS
(GROWN ON A MASTER PLATE)WITH RICE REPETITIVE DNA

AS PROBE.

After denaturation, pBR325 DNA was also spotted on

the nitrocellulose filter as a negative control.
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only a few were selected randomly for further characterization.

4.3.2 Size of insert DNAs and their restriction patterns

In order to determine the insert size, plasmids carrying
the repetitive sequences were isolated (Fig. 4.6), digested with
BamH1 and electrophoresed on a 0.7% agarose gel. As 1is evident
from Fig. 4.7, most of the cloned DNA sequences are of size 3-4
kbp. The insert size, for example, is 3.4 kbp in pRL1, 3.2 kbp
in pRL10, 3.6 kbp in pRL2 and pRL7, 4.0 kbp in pRL5 and 3.7 kbp

in pRLS8.

To assess the presence of sites for a few other restriction
enzymes in the inserts, the plasmids were digested with Aval,

HindIII, PvuII and PstI which have either single or double cutting

sites in pBR325 (Fig. 4.8). The differences in their digestion
patterns with all these enzymes indicate the occurrence of differ-

ent restriction sites in the cloned DNA seguences.

4.3.3 Presence of pRL7 repeat sequences in rice genome

In order to check the presence of a specific clone repeat
sequence

An rice genome and to show that it has not undergone any change
during the cloning steps, the 3.6 kbp repeat sequence /&EEL;;bridi—
sed to rice total DNA digested with BamH1. .The hybridization
pattern shows a band of 3.6 kbp and three other bands of high
molecular weight which are not the multiples of 3.6 kbp (Fig.

4.9). This indicates that the 3.6 kbp repeat DNA fragment is



FIGURE 4.6 : ELECTROPHORESIS PATTERN OF MINIPREPARATIONS OF pRLT-
PRL10 DNAs WITH pBR325 DNA AS CONTROL

A HindIII digest (lane a)
pPBR325 DNA (lane b)
PRL1-pRL10 DNAs (lanes c-1)

Electrophoresis was carried out on 0.7% neutral
agarose slab gels in TAE buffer (pH 8.1) at a cons-

tant current of 30 mA.

FIGURE 4.7 : DIGESTION OF pRL1-pRL10 DNAs WITH BamH]1

A HindIII digest (lane a)

pPBR325 digested with BamH1 (lane b)
PRL1-pRL10 digested with BamH1 (lanes c-1)

The arrows indicate the molecular weights of the
linearised pBR325 and the insert DNAs.

Electrophoresis was carried out on 0.7% neutral
agarose slab gels in TAE buffer (pH 8.1) at a cons-
tant current of 30 maA.
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FIGURE 4.8 : DIGESTION OF pRL1-pRL10 DNAs WITH

(A) PvuII, (B) HindIII, (C) Aval, (D) PstI

XA HindIII digest (lane a)
$X174Haelll digest

pBR325 (lane b)
PRL1-pRL10 (lanes c-1)

Electrophoresis was carried out on 0.7% neutral
agarose slab gels in TAE buffer (pH 8.1) at a cons-
tant current of 30 mA.
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present independently inthe genome and is also a part of some

sequences which are of higher molecular weights.

4.3.4 Localization of a few restriction enzyme sites in pRL1,

PRL7, pPRL10

For locating a few restriction enzyme sites in the cloned
sequences, three recombinants i.e. pRL1, pRL7 and pRL10 were selec-
ted. These plasmids were digested with BamH1 and the corresponding
inserts were eluted and used for further characterization using
a few enzymes like Pvull and EcoRI in single and double digestions.
Since the strategy followed for the various restriction enzyme
digestions was the same for all the three plasmids, a detailed
analysis only of pRL7 1is described. Figure 4.7 (lane 1i) shows
the digestion of total pRL7 plasmid DNA with BamH1. Here, two
intense bands of 6.0 kbp and 3.6 kbp are observed. Since the
6.0 kbp band corresponds to the molecular weight of pBR325 (linear-
ised), 3.6 kbp band indicates the size of rice repetitive DNA
cloned in this plasmid. On digestion of pRL7 plasmid DNA with
Pvull, three bands of 3.6 kbp, 3.4 kbp and 2.6 kbp are observed
(lane d) in Fig. 4.10 A. The 2.6 kbp band is due to the occurrence
of two Pvull sites at a distance of 2.6 kbp in pBR325. Besides,
this the two bands at positions 3.6 kbp revegl clearly a Pvull
site in the cloned DNA cutting it into two fragments of molecular
weights 1.7 kbp and 1.9 kbp. This is confirmed when the eluted

insert DNA is digested with PvuIl and two bands of 1.7 kbp and



FIGURE 4.9 : AUTORADIOGRAMS OF pRL7 INSERT DNA HYBRIDIZED TO
RICE SHOOT DNA DIGESTED WITH BamH1

Control rice DNA (lane a)
BamH1 digest (lane b)

FIGURE 4.10 : DIGESTION OF PLASMID pRL7 WITH BamH1, PvuIl and

EcoRI
(a) A\ HindIII digest + @X174HaeIII digest (lane a)
BamH1 digest (lane b)
BamH1-PvulIl digest (lane c)
PvuIl digest (lane 4d)
PvuII-EcoR] (lane e)
(B) Digestion of pRL7 insert DNA with PvuIl
A HindIII digest (lane a)
PvulIl digest (lane b)
Control pRL7 insert DNA (lane c)
¢X174HaeIII digest (lane 4d)

Electrophoresis was carried out on 0.7% (A) and
1.4% (B) neutral agarose slab gels in TAE buffer
(pH 8.1) at a constant current of 30 mA.
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and 1.9 kbp (Fig. 4.10 B) are observed. In order to 1localise
these positions, the pRL7 DNA was double digested with PvuII/EcoRI
giving bands of molecular weights 3.6 kbp, 3.3 kbp and 2.6 kbp
(Fig. 4.10 A, lane e). Sinqe, the 3.4 kbp band in the PvulI digest
of pRL7 (lane d, Fig. 4.10 A) is reduced to 3.3 kbp in PvuIlI/EcoRI
double digest of pRL7 (lane e, Fig. 4.10 A); and there is no change
in the molecular weight of the other two bands, it shows the prese-
nce of 1.7 kbp fragment in the insert DNA towards the EcoRI site
in pBR325 followed by 1.9 kbp PvuII-BamH1 fragment. The differen-
ce of 0.1 kbp in the size of the band is due to the difference

of 0.1 kbp in PvuII and EcoRI sites in pBR325 (Fig. 4.1 A).

Figure 4.11 A (lane b and c¢) shows the digestion of pRL7
insert DNA with EcoRI and PstI where single bands of 3.6 kbp and
3.2 kbp respectively are observed. These data reveal an absence
of EcoRI site and presence of a single PstI site at a distance
of 0.4 kbp from the BamH1 site in the insert DNA. To determine
at which end the g§§; site is present in pRL7 insert DNA, double
digestion of pRL7 with BamH1/PstI was carried out. Fig. 4.11
B shows clearly three bands of about 6.0 kbp, 3.2 kbp and 0.4
kbp. The presence of a band of 6.0 kbp reflects the PstI site
at a distance of 3.6 kbp from the position no. 1 in pBR325. Diges-
tion of the cloned DNA in pRL7 with BclI again shows a single

band of 3.6 kbp indicating an absence of BclI site (Fig. 4.12).

Finally, enzyme digestion of pRL7 insert DNA with Alul was

analyzed on 10% native, polyacrylamide gel. Alul digest shows



FIGURE 4.11 DIGESTION OF pRL7 INSERT DNA WITH EcoRI and PstI

(A) X HindIII digest (lane a)
ECORI digest (lane b)
PstI digest (lane c¢)

OX174Haelll digest (lane d)

DIGESTION OF PLASMID pRL7 DNA WITH BamH1-PstI

(B) A HindIII digest + @$X174HaeIII digest (lane a)
BamH1-PstI digest (lane b)

Electrophoresis was carried out on 1.4% (A) and
1% (B) neutral agarose slab gels in TAE buffer

(pH 8.1) at a constant current of 30 mA.
FIGURE 4.12 : DIGESTION OF THE INSERT DNA IN pRL7 WITH BclI

A HindIII digest (lane a)
BclI digest (lane b)

Electrophoresis was carried out on 1.4% neutral
agarose slab gels in TAE buffer (pH 8.1) at a cons-

tant current of 30 mA.

FIGURE 4.13 : DIGESTION OF INSERT DNA IN pRL7 WITH Alul

Alul digest (lane a)
$xX174HaeIII digest (lane b)

Electrophoresis was carried out on 10% polyacryl-
amide gels in TBE buffer (pH 8.0) at a constant

current of 20 mA.
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a number of bands in the range of 1.35 kbp to 0.072 kbp indicating

a number of Alul sites in the cloned DNA sequence (Fig. 4.13).

Based on these studies, it can be concluded that the rice
repetitive DNAs cloned in pRL1, pRL7 and PRL10 contain no sites

for EcoRI and BclI; single sites for PvuII and PstI and many sites

for AluIl (Fig. 4.14).

4.3.5 Subcloning of rice long repetitive DNA in M13mp18

After localising a few restriction enzyme sites in the pRL1,
PRL7 and pRL10 insert DNAs, the next step was to determine the
nucleotide sequence of these repeats. The 0.4 kbp fragment obtain-
ed after digestion of PpRL7 insert DNA with BamH1 and PstI was
selected for this purpose. This fragment was also observed to

be present in pRL1 and pRL10 insert DNAs.

In order to sequence the 0.4 kbp fragment, the pRL7 plasmid
DNA was double digested with BamHl and PstI and was ligated to
the vector M13mp18 digested with the same enzymes (Fig. 4.15).
The ligated DNA was then used to transform E. coli JM101 and recom-
binants (white plagques) were selected by direct visualization
(Fig. 4.16). A few white plagues which represented the recombi-
nants were used for rapid extraction of DNA and the presence of
about 0.4 kbp insert in these plaques was checked by direct gel
electrophoresis (Fig. 4.17) (DIGE). The plaques having about

0.4 kbp insert were used for sequencing work.



FIGURE 4.14 : LINE DIAGRAM SHOWING THE RESTRICTION ENZYME SITES
IN THE CLONED SEQUENCES 1IN pRL1, pRL7 and PpRL10
DNAs.
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FIGURE 4.15

FIGURE 4.16

DOUBLE DIGESTION OF VECTOR (M13mp18) WITH BamH1/

PstI
A HindIII digest (lane a)
M13mp18 uncut (lane b)

M13mp18-BamH1 digest (lane c)

Electrophoresis was carried out on 0.7% neutral
agarose slab gel in TAE buffer (pH 8.1) at a cons-

tant current of 30 mA.

SELECTION OF M13 RECOMBINANT PLAQUES ON AGAR PLATES
USING X-GAL AND IPTG

YT agar plate showing the negative control (Plate
YT agar plates showing the positive control - (Plate
YT agar plates showing the recombinants (Plate

Host culture E. coli DH1 was used as a negative
control

M13mp18 DNA (10 ng) was used as a positive control
The circled plaques in Plate C were picked up as

recombinants.

A)
B)
C)
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4.3.6 Sequence analysis of the 0.4 kbp repeat element (pRL7-0.4

kbp) using dideoxy chain termination method

The 0.4 kbp BamH1-PstI fragment of pRL7 was sequenced by
Sanger's dideoxy nucleotide chain termination method as described
earlier in this chapter. The ss DNAs were isolated from the recom-
binants and were checked for their concentrations on 0.7% agarose
gel (Fig. 4.18). About 0.5-1.0 ug of DNA was used for the sequen-
cing reaction. The partial sequence obtained from 5'---> 3

end is

5' GCAGGCATCGCTGACGACCGAATCGACACCACAAGCCTGC
GAGGACAGCAATACCATACCGAAGTAAGCTCGAGACTACA
AGTCGGTGCTGAGTCGCCTGTGTTACTAGCGTACACACGT
TCGCTAGTAGAGCAGAGCTAGCTACGTCTCTCATCAGTCA
CATCAGATCTATACGTCTCTGTCAGTGTGGTGCTCAGACT
GCTTAGTCGTTAACTGACACGTACCAGGCGCGATGCGCAC
CCTCTTACATTCGCTCCCATCACATTACATACGATCCATG
CTCTCGAAAGCTACCGATCTCCTCGTATCGCACTCTGCTG
TCTAGCTTCTTCTCTTGTTCGACTGCATGCCTAGTGCGAC
TAGCGCTATCCTCTTCTCTCTCTCTGTTCTCTGTCTCTCG
AGGTACCGACTG 3'

Restriction enzyme analysis, search for open reading
frame and dot matrix comparison of the pRL7-0.4 kbp sequence was

carried out by computer analysis using program SEQAID II.

The restriction enzyme site analysis shows the presence of

single sites for some enzymes like Fnu DII, EcoRII, ScrFI and




FIGURE 4.17 ; DIRECT GEL ELECTROPHORESIS SHOWING THE INSERT SIZES
OF THE DNAs FROM THE RECOMBINANT PLAQUES

ss DNAs from recombinant plaques (lanes a-e)
M13mp18 ss DNA (lane £)
A\ HindIII digest (lane g)

Electrophoresis was carried out 0.5% neutral agarose
slab gel in TAE buffer (pH 8.1) at a constant curr-
ent of 8-10 mA. Arrows indicate the insert sizes

in the recombinants.

FIGURE 4.18 : ELECTROPHORESIS PATTERNS OF THE SINGLE STRANDED
TEMPLATE DNAs USED FOR SEQUENCING

A HindIII digest (lane a)
M13mp18 ss DNA (lane b)
ss DNAs from recombinant plagues (lanes c-g)

Electrophoresis was carried out on 0.7% neutral
agarose slab gel in TAE buffer (pH 8.1) at a cons-

tant current of 20 mA.
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many sites for enzymes 1like Alul, TagqI, MaeIlI and MnlI. In case

of AluI, it is interesting to note that most of the fragment sizes

indicated by computer analysis agree well with the molecular weigh-

ts of a few bands observed in pRL7 insert DNA digested with Alul
(Fig. 4.13 1lane a ) suggesting thereby that bands of 0.068 kbp,

0.072 kbp, 0.088 kbp anud 0.150 kbp in Alul digest (Fig. 4.13)

are a part of this BamH1-PstI fragment (pR 7-0.4 kbp). Further ana-
lysis shows that this sequence has a G + C content of about 53%.

There are clearly three open reading frames at positions 233,

278 and 347 in the sequence.

Finally for comparing the pRL7-0.4 kbp sequence with the
rice 258}?%7S(§;DNA and the spacer fragment between 25S and 17S
rDNAs/(?£4-25], dot matrix was generated using the pRL7-0.4 kbp
sequence on Y-axis (Y sequence) and the known sequences on X-axis
(X sgquence). To reduce the background noise, it was found useful
not to compare small fragments but 48 and 26 bases at a time.
This eliminated most of the random fortuitous similarity while
preserving the features of true homology. In the construction
of dot matrix figure (Fig. 4.19), when the segment for the above
length from both the sequences is equal to a minimal match of
20 or 13 bases, a dot is placed in the matrix at the coordinates
corresponding to the location of/anucleotide .in the sequence.
The horizontal continuous dots show the homology between two diffe-

rent sequences. Continuous lines parallel to a fixed angle, from

top to bottom, suggest homology over a long stretch of sequences,



FIGURE 4.19 : DOT MATRIX COMPARISON OF THE RICE REPETITIVE DNA
SEQUENCE.

The rice repetitive pRL7-0.4 kbp sequence (Y-axis)
is compared to the rice ZSSﬁA)17S(C¥DNAs and the
spacer fragment between 25S and 17S rDNAs (X-axis).
The window of comparison was 48 and 26 bases at
a time with 50% identity required for a positive

result to be recorded.



138

6l't "914
on

GBLFSVETTIOOBLIEVECTOLBLYSVETTOLEL CIOGBLISVECTOLEL?GU LS T06ELGLUITTN

m
1

.
(IO

[ - . ' " - - . . 3
Foc : : : : SR
O6BLTSVECTI0EBLYSVEZTOLBLT S CoHBLTESVECTIOEBLTSVESTIOEBLTSVECTOLBL?S (6]

(8)

a:, CT06BLTFSVECTOEBLTEVETTOEBLTSVE

,"ﬁ

]
¢
-

.
.
'

~
>

(U000

n

1
P RN R C PR UN
TN

(=]

.
o3

GBLYSVETTIOEBLTSVELT0LEBL?EVECT060LTSYITY

.
.
.
I

(V)
Woomhcicﬁiﬂoemhc.: MﬂﬁOomhemﬁ\ﬁ.‘aODm\oo?.\mu_:Dmh.wl_\,.., TO&BLISYETTOLBL?SYET TG
m

ﬁoamhﬂm_\MNﬁO&mhomeHﬂﬁoomhﬂm_\ﬁ TOEBLTEVETTOLTLTSVECTOLLLTSVETTIOLBLYSYEL IO



- 139 -

while short 1lines indicate homology over a shorter stretch in

discrete packets of sequences.

From Fig. 4.19 it is clear that the sequence pRL7-0.4 kbp
shows more homology with the nucleotide sequence of 25S rDNA frag-
ment as compared to that of 17S rDNA and the spacer fragment.
This indicates that the pRL7-0.4 kbp fragment may be a part of
rice rDNA unit. It has already been reported that in rice rDNA
fragment of 8.9 kbp, there is a BamH1 site cutting it into two
fragments of 3.8 and 5.0 kbp [27]. Furthermore, this 3.8 kbp
fragment is present in both the 258 és well as 17S rDNA genes.
Thus, the observations that the recombinant pRL7 consists of an
insert (repetitive DNA) of size 3.6 kbp which further has a BamHI1-
PstI fragment of about 0.4 kbp showing some homology with rice
258 rDNA increase the possibility that the 0.4 kbp fragment may
be a part of rDNA unit. However, this can be confirmed only by
using homologous/heterologous probes for hybridization and work

in this direction is in progress.
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ABSTRACT

Using 'A' and 'C' methylation specific restriction enzymes

namely, MboI, Sau3AI, DpnI, MspI and HgaII’total rice (cv. Basmati

370)/Egggtitive DNAs and a specific cloned repeat sequence indica-
ted an abundance of adenine methylation. Although, cytosine
methylation in 5'-CCGG-3' sequences suggested more of CpC methyla-
tion than CpG; the 'C' methylation in general was comparatively
less than 'A' methylation. Furthermore, the presence of adenine
methylation was tissue specific; it was predominant in rice shoot
DNA as compared to embryo DNA. This pattern was also observed
in two other cultivars of rice i.e. R-24 and Sona and was again
confirmed using a cloned probe of a specific repeat sequence.
Besides the changes in adenine methylation, there was also a
qualitative change in 5mC from CpG to CpC dinucleotides in these

two tissue systems.
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5.1 INTRODUCTION

Role of 5-methyl cytosine (5mC) is well exaﬁined in animal
genomes as compared to plants. It has been shown that the presen-
ce of 5mC is negatively correlated with gene activity. Organ
or tissue specific variations in methylation patterns have also
been observed in many animal genes like rabbit B -globin and
chicken ovalbumin [1,2,3]. In plants, methylation patterns of
rDNA have been well studied. In general, the ribosomal genes
seem to be heavily methylated in a few plant species investigated
so far [4-9]), except the rice rDNA unit. In rice, there 1is no
change in rDNA methylation from seedlings grown in aerobic and
anaerobic conditions [(10], though there is a change in the synthe-
sis of rDNA genes. Tissue or stage specific variations are obser-
ved in radish rDNA [11] and zein-light chain genes [12]. Recently
it has been shown in onion, broad bean and rice that repeat DNA
sequences undergo a, change during differentiation and dedifferen-
tiation events in cell culture conditions and such variations

are referred to as 'modulation' [13-17].

In the present chapter, I describe the restriction enzyme
analysis of total as well as repetitive DNA fractions of
rice (cv. Basmati 370) using methylation specific enzymes i.e.

MboI, Sau3AI, DpnI, MspI and HpalIl. To assess whether the methyl-

ation patterns are tissue/stage specific, studies were also

carried out in two tissue systems i.e. embryo and shoot. Finally,
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to examine if changes in the methylation status of rice DNA during
development are a general feature of the rice genome or they
are variety specific, similar experiments were carried out using

the DNAs of two more varieties i.e. R-24 and Sona.

5.2 MATERIALS AND METHODS

5.2.1 Isolation of total DNA and repetitive DNA

Native, high molecular weight DNAs were prepared from embryos
and shoots of three different varieties of rice (cvs. Basmati
370, R-24 and Sona) according to the procedures described earlier

(Section 2.2.3).

Long (9-20 kbp) and short (0.2-0.3 kbp) repeat DNA sequences
reassociating by Cot 0.1 and Cot 50 were isolated as mentioned

in Section 3.2.2.

5.2:2 Restriction ‘'enzyme analysis and gel electrophoresis

Restriction enzyme digestions of all the DNAs with a few

methylation specific enzymes 1like MboI, Sau3AI, DpnI, MspI and

HpaII were carried out according to Maniatis et al [18]. The
DNA digests were analysed on 1% and 1.4% agarose gels or 10%
polyacrylamide gels, using both the high and low molecular weight

DNA markers.
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5.2.3 Southern hybridization

The total pRL7 DNA (isolated as described  in Chapter 4)

was labelled by nick translation [19] and was used as a probe.
Southern hybridization experiments were essentially according

to Maniatis et al [18].

5.3 RESULTS

For assesssing the methylation status of rice DNA, the two
most commonly used sets of restriction enzymes i.e. (1) MboI/

Sau3AI/DpnI and (2) MspI/Hpall were employed. MboI/Sau3AI/DpnI

are isoschizomers which recognise the same sequence 5'-GATC-3'
but show differential sensitivity towards 'A' and 'C' methylation
as per the instructions of the supplier (BRL). MboI digests
the DNA when adenine is not methylated while Sau3AI digests it
irrespective of methylation. However, DpnI will cleave the DNA
only if 'A' is metﬁylated. In addition, Sau3AI does not digest
the DNA if the cytosine in sequence 5'-GATC-3' is methylated,

whereas MboI cuts the DNA irrespective of 'C' methylation.

MspI/Hpall is another isoschizomeric pair which is specific
for the sequence 5'-CCGG-3'. These enzymes, however, differ
in their sensitivities towards the external and internal cytosine
methylation as per the instructions of the supplier (BRL). HpaIl

does not cleave the DNA when internal 'C' residue of the sequence
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5'-CCGG-3"' 1is methylated, whereas, its digestion is unaffected
by external 'C' methylation. On the other hand, MspI cuts the

sequence 5'-CCGG-3' only when the internal cytosine.is methylated.

5.3.1 Methylation status of rice shoot DNA

Figure 5.1 (A) shows the restriction enzyme digestion patterns

of total rice (cv. Basmati 370) shoot DNA with MboI/Sau3AI/DpnI.

From this figure, it is clear that MboI digestion of rice DNA
is less than that of Sau3AI indicating the abundance of methylated
adenine as compared to methylated cytosine in the sequence 5'-
GATC-3'. This is further confirmed by the occurrence of extensive

digestion of shoot DNA with DpnI.

Restriction enzyme digestion of total rice shoot DNA with
MspI/HpalIl is shown in Fig. 5.1 (B). It can be seen from this
figure that HpalII shows comparatively more digestion of DNA than
that with MspI suggesting the abundance of 5'-"ccGG-3' type of
sequences rather than 5'-c™cGG-3" type in rice genome. This
also suggests a high frequency of CpC methylation as compared

to CpG methylation in 5'-CCGG-3' sequence in rice DNA.

From the above data, it is clear that rice DNA has less
of 'C' methylation as compared to 'A' methylation. Recently,
McCouch t al [20] have described less of cytosine methylation

as compared to other plants like tomato, maize and rye.



FIGURE 5.1 : DIGESTION OF TOTAL RICE (cv. BASMATI 370) SHOOT DNA
WITH MboI, Sau3AI, DpnI (A) and Mspl, HpalII (B)

(A) X\ HindIII digest (lane a)
MboI digest (lane b)
Sau3AI digest (lane c)
DpnI digest (lane 4d)

(B) A HindIII digest (lane a)
MspI digest (lane b)
HpalI digest (lane c)

Electrophoresis was carried out on 174% (A) and 1%
(B) neutral agarose slab gels in TAE buffer (pH

8.1) at a constant current of 30 mA.
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5.3.2 Presence of methylated adenine in rice repetitive DNA

Since the total rice genomic DNA showed peculiar patterns
of 'A' and 'C' methylation, we were interested in studying methyl-
ation patterns of its repetitive DNA sequences. For this purpose,
long (9-20 kbp) and short repeats (0.2-0.3 kbp) of Cot 0.1 and
Cot 50 fractions were isolated and digested with the above two
sets of restriction enzymes and the results are shown in Figs.
5.2 A,B. From Fig. 5.2 A, it is evident that the digestion of
the long repeats of Cot 0.1 and Cot 50 DNAs is less with MboI
than that with Sau3AI, thus revealing the presence of methylated
adenine in 5'-GATC-3' sequences in rice repetitive DNA fractions.
This is further confirmed by the appreciable digestion of the
DNAs with DpnI. A comparatively more digestion of the repeat
sequences by Sau3AI also suggests the absence of 'C' methylation
in the sequence 5'-GATC-3'. Since, Dpnl digests Cot 50 DNA more
than the Cot 0.1 DNA, it indicates that the adenine methylation
of the DNA sequenées reassociating between Cot 0.1 and 50 is

higher than those reassociating by Cot 0.1.

Fig. 5.2 B shows the digestion patterns of long repeats
of Cot 0.1 and 50 with MspI and HpaII. Here, Hpall digests the
DNAs more than that with MspI suggesting again the abundance
of 5'-MccGeG-3'/5'-CCGG-3"' type of sequences ig these repeat frac-
tions. However, between Cot 0.1 and 50 repetitive DNA sequences,
long repeats of only Cot 0.1 show bands with MspI (4.6 kbp) and
HpaII (4.9 kbp). This data indicates the occurrence of a high
copy number of 5'-CCGG-3' sequence in highly repetitive DNA as

compared to the total repetitive DNA.



FIGURE 5.2

(A)

(B)

DIGESTION OF LONG REPEATS OF COT 0.1 AND COT 50 OF
RICE (cv. BASMATI 370) WITH MboI, Sau3AI, DpnI (A)

AND' MspI, HpaIl (B)

A HindIII digest (lane a)

MboI digest (lane b)
Sau3AI digest (lane c)
DpnI digest (lane 4d)

A HindIII digest (lane a)

MspI digest (lane b)
Hpall digest (lane c)

Electrophoresis was carried out on 1.4% (A) and
1% (B) neutral agarose slab gels in TAE buffer (pH

8.1) at a constant current of 30 mA.
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Figure 5.3 (A,B) depicts polyacrylamide gel electrophoresis
of the digests of short repeat sequences of both Cot 0.1 and
Cot 50 with the methylation specific enzymes. It is seen from
this figure that the short repeats are too small to reveal any

distinct differences.

Long repeats of rice DNA were cloned in pBR325 and the methy-
lation status of three cloned repeats (pRL1, pRL7, PpRL10) was
determined. Figure 5.4 A shows the digestion patterns of PpRL7
DNA with MboI and Sau3AI. Here it is seen that MboI does not
show any digestion while Sau3AI shows a number of bands in the
range 1.36 kbp to 0.072 kbp. This differential digestion with
MboI and Sau3AI suggests the methylation of adenine in 5'-GATC-
3' sequences in the cloned pRL7 repeat element. Similar digestion
patterns were obtained with pRL1 and PRL10. When MspI and Hpall
digestions of pRL7 DNA are compared (Fi.g 5.4 B), nearly identical
pattern is obtained and many bands in the size range of 1.36
kbp-0.072 kbp are Bbserved in both the digests. This is true
for pRL1 and pR110 also. This indicates the presence of a number
of unmethylated 5'-CCGG-3' type of sequences in these cloned

repeat units.



(A) B
FIGURE 5.3 : DIGESTION OF SHORT REPEATS OF COT 0.1/AND COT 50/8F)

RICE (cv. BASMATI 370) WITH MboI, Sau3AI, Dpnl

AND MspI, HpaII ‘!

(A) and (B) @X174HaeIII digest (lane a)

MboI digest (lane b)
Sau3AI digest . (lane c)
DpnI digest (iane d)
MspI digest (lane e)
HpaII digest (lane f)

Electrophoresis was carried out on 10% (A and B)
polyacrylamide gels in TBE buffer (pH 8.0) at a

constant current of 20 mA.
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FIGURE 5.4 : DIGESTION OF pRL7 INSERT DNA WITH MboI, Sau3AIl (A)
AND MspI, HpaII (B)

(A) @X174HaeIll digest (lane a)

Sau3AI digest (lane b)
MboI digest (lane c)
(B) ¢X174HaeIII digest (lane a)
MspI digest (lane b)
HpaII digest (lane c)

Electrophoresis was carried out on 10% polyacrylamide
gels in TBE buffer (pH 8.1) at a constant current
of 20 mA.
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5.3.3 Methylation status of rice embryo DNA

To assess if the methylation patterns of rice shoot DNA

tissue
are /specific, rice embryo DNA from cv. Basmati 370 was digested

with MboI, Sau3AI, DpnI; and MspI, HpallI. It is clearly seen

from
/Figs. 5.5 A,B that the trend of 'A' and 'C' methylation is rever-

sed in embryo DNA. For example, MboI and Sau3AI digest the embryo

DNA extensively suggesting a low frequency of adenine methylation
(Fig. 5.5 A). This pattern is again confirmed by very 1little
digestion of embryo DNA with DpnI. Furthermore, Fig. 5.5 B shows
MspI digestion to be more than Hpall suggesting a predominance
of 5'-c™cGG-3' type of sequences. Thus 5mC occurs as a part
of CpG dinucleotides rather than of CpC dinucleotides in the
embryo DNA. Apart from differences in DNA methylation, tissue
specific repeat families are also seen. The Basmati 370 embryo
DNA shows a number of bands with both MspI and Hpall in the range
of 0.6-4.0 kbp suggesting the presence of these repeat families

which are absent in'the corresponding shoot DNA digests.

The presence or distribution of a specific cloned pRL7 repeat
sequence was next studied in the embryo and shoot system of
cv. Basmati 370. For this purpose, the high molecular weight
rice embryo and shoot DNAs were digested with methylation specific
restriction enzymes MboI and Sau3AI and a feQ enzymes like Alul
and Tagl (Figs. 5.6 A,B) and were hybridized to 32p_1abelled

plasmid pRL7 DNA. It can be seen from Figs. 5.7 A,B that a single



FIGURE 5.5 : DIGESTION OF RICE (cv. BASMATI 370) EMBRYO DNA WITH
MboI, Sau3AI, DpnI (A) AND MspI, Hpall (B)

(A) hN HindIII digest (lane a)
MboI digest (lane b)
Sau3AI digest (lane c¢)
DpnI digest (lane 4d)

(B) A\ HindIII digest (lane a)
MspI digest (lane b)
HpaII digest (lane c¢)

Electrophoresis was carried out on 1.4% (A) and
1.0% (B) neutral agarose slab gels in TAE buffer
(pH 8.1) at a constant current of 30 mA.
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strong band is present per lane with each enzyme with the absence
of any background smear in case of embryonic DNA. The molecular
weight of this band varies in a very small rangé of 2.3 to 2.5
kbp. In case of shoot DNA, the = hybridization pattern is observed
to be different with each enzyme (Fig. 5.7 B). With MboI (lane
a), for example, two bands of molecular weights of about 15 and
4.5 kbp are prominent. With Sau3AI (lane b), four bandsin the
region 0.6 to 1.36 kbp and one band less than 0.3 kbp are observed.
In case of Alul and TaqIl (lane c and lane d), however, many bands

are seen in the range 0.3 to 0.9 kbp and 1.1 to 6.6 kbp.

From these results thus, it is clear that there 1is some
reorganization in this specific cloned repeat unit in embryo and

shoot system.

5.3.4 Restriction enzyme analysis of two other cultivars of

rice

Restriction enzyme analysis of shoot and embryo DNAs from
two more rice cultivars viz. R-24 and Sona was next undertaken.
The aim of this experiment was to see whether the tissue/stage
specific methylation changes observed in Basmati 370 were vari-
ety specific or could also be found in other varieties. Figures
5.8 and 5.9 A,B show the digestion patterns of embryo and shoot

DNAs of the two rice varieties R-24 and Sona with MboI/Sau3AI/DpnI

and MspI/HpaII. The digestion patterns with MboI/Sau3AI/DpnI

clearly indicate the predominance of 'A' methylation in the shoot



FIGURE 5.6 : DIGESTION OF TOTAL RICE EMBRYO (A) AND SHOOT DNA
(B) WITH DIFFERENT RESTRICTION ENZYMES

(A) AND (B) A HindIII digest (lane a)
MboI digest (lane b)
Sau3AI digest (lane c¢)
Alul digest (lane 4d)
TagI digest (lane e)

PX174HaeIll digest (lane f)
Electrophoresis was carried out on 1.4% agarose gels

in TAE buffer (pH 8.1) at a constant current of

30 mA.

AUTORADIOGRAMS SHOWING THE HYBRIDIZATION OF pRL7
CLONED DNA WITH RICE (cv. BASMATI 370) EMBRYO (A)
AND SHOOT DNAs (B) DIGESTED WITH DIFFERENT RESTRIC-
TION ENZYMES

FIGURE 5.7

.

(A and B) MboI digest (lane a)
Sau3AI digest (lane b)
Alul digest (lane c)

TagI digest (lane 4d)
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DNAs as compared to the embryo DNAs in both the varieties. Also,
the MspI/Hpall digestion patterns in these DNAs are coherent
with that of Basmati 370, wherein a qualitative. change in 5mC
from CpG to CpC dinucleotides is observed during the transition

from embryo to shoot.

Another finding from Figs. 5.8 and 5.9 is that the methyla-
tion specific restriction enzymes also show variety as well as
tissue specific band patterns. In Sona shoot DNA for instance,
the MboI digest shows two bands of 2.6 kbp and 0.9 kbp, while
Sau3Al reveals a single band of 2.6 kbp. This indicates the
presence of regularly arranged, unmethylated 5'-GATC-3' sequences
in the Sona shoot DNA. Also, it shows that there are some methyl-
ated 5'-GATC-3' sequences arranged at a regular interval of 2.6
kbp. These methylated as well as unmethylated sequences may
or may not beiong to same/similar type of repeat families. In
Sona embryo DNA, the Sau3AI repeat element is absent, whereas
the MboI repeat fémily is present. The R-24 embryo DNA, when
digested with MboI, shows many bands with varying molecular
weights in the range 0.5-2.5 kbp; while these are absent in the

corresponding shoot DNA digest.

When the 2.6 kbp band which is present in the Sau3AI digest
of Sona shoot DNA and absent in the embryo DNA is eluted, labelled
and hybridised to the gel blot of the embryo Sau3AI digest, two

bands of about 2.6-2.7 kbp and 1.7 kbp are observed (Fig. 5.10).



FIGURE 5.8 : DIGESTION OF RICE (cvs. R-24 AND SONA) EMBRYO (A)
AND SHOOT (B) DNAs WITH MboI, Sau3AI, DpnI

(A AND B) A éindIII digest (lane a)
MboI digest (lane b)
Sau3AI digest (lane c)
DpnI digest (lane 4d)

Electrophoresis was carried .out on 1.4% (A) and
(B) neutral agarose slab gels in TAE buffer (pH

8.1) at a constant current of 30 mA.
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FIGURE 5.9 : DIGESTION OF RICE (cvs. R-24 AND SONA) EMBRYO (A)
AND SHOOT (B) DNAs WITH MspI, HpaII

(A AND B) A\ HindIII digest (lane a)
MspI digest (lane b)
HpaII digest (lane c)

Electrophoresis was carried out on 1% (A and B)
neutral agarose slab gels in TAE buffer (pH 8.1)
at a constant current of 30 mA.
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FIGURE 5.10:

DIGESTION PATTERN AND AUTORADIOGRAM OF SONA EMBRYO
DNA DIGESTED WITH Sau3AI AND HYBRIDISED TO SONA
SHOOT Sau3AI REPEAT FAMILY (2.6 kbp)

A HindIII digest (lane a)

Sona embryo Sau3AI digest (lane b)

Hybridization of 2.6 kbp Sona shoot Sau3AI repeat
family to the above digest (lane c)
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This suggests that there is a change in the Sau3AI repeat element
with respect to either its copy number or methylation of its

5'-GATC-3' sequences during the transition from embryo to shoot

stage in Sona DNA.

5.4 DISCUSSION

An important feature of the present studies is that
rice shoot DNA and repetitive DNA have an abundance of 'A' methyl-
ation. This is a novel finding in view of the very few reports
on adenine methylation in higher plants [21]. It is also observed
that this pattern of methylation is tissue specific i.e. there
is a predominance of 'A' methylation in rice shoot DNA as compared
to embryo DNA. Since tissue specific methylation is
observed in three varieties of rice, this information may be
of structural or functional significance in rice development
and may help to as'sign a role to the repeat sequences in this
process. The occurrence and role of adenine methylation is still
unclear in higher plants. Recently, methylated adenine (mA)
has been observed in zein genes, but the experimental evidences
suggest that it is unrelated to their regulation of expression
[21]. 1In case of animals and microorganisms, however, mA (methy-
lated adenine) has defined roles [(22-28]. For instance, in E.
coli, the rate of adenine methylation within 5'-GATC-3' sequences
modulates the activity of certain promoters ([24,25]. Engel and

vVon Hippel [26] have shown that the presence of 6-methyladenine
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results in a destabilization of the DNA helix, presumably because
the N1-cis orientation of the methyl group is favoured. Such

effects may be significant in protein-DNA interactions [27,28].

Another important feature of the present work is the genomic
rearrangement of a specific cloned repeat element during the
transition from embryo to shoot stage. when the hybridization
patterns of the embryo and shoot DNA digests (using enzymes sensi-
tive to 'A' methylation) with the cloned pRL7 probe are compared,
this repeat unit is present in a well organised manner in the
embryo DNA. In case of shoot DNA,on the other hand, the hybridi-
zation pattern suggests that many copies of this sequence are
present 1in /3aried environment with random distribution, while
some may be well organised to give a particular band pattern.
From this data it appears that there is some form of genomic
rearrangement of a specific repetitive sequence and it may partly
be due to the changes in methylation of this cloned repeat.
In the literature, £here are a few reports on genomic alterations
in tissue culture conditions. In rice, for example, Sala et
al [16] have reported the amplification of a specific highly

repeated sequence in cultured cells of Oryza sativa cv. Roncarlo

during differentiation process. Oono et al [17] have given preli-
minary results showing variations in the copy ‘number of two rice

(Oryza sativa cv. Nipponbare) repeated DNA sequences, one being

amplified and the other being reduced in copy number in the dedi-

fferentiation process also under cultured conditions. Ours is
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probably the first report which describes the differential methy-
lation status of a specific rice (Oryza sativa cv. Basmati 370)

repeat sequence during the transition from embryo to shoot without

any external inducing factor.
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