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ABSTRACT

In the present work we have characterized nuclear
genomes of four species of‘family Cucurbitaceae, namely,

Luffa cylindria (sponge gourd), Luffa acutangule (ridge gourd),

Benincasa hispida (ash gourd) and Coccinia indica (ivy gourd)

with the following objectives:
i) To determine the content of repetitive LHA.

ii) To assess the nature of repetitive DNi sequences
and to study their copy number, kinetic complexity
and sequence divergence.

iii) To analyze the patterns of sequence organization and
to evaluate the rates of turnover of these genomes.

iv) To determine the extent of homology of repeated
DNA sequences.

Information about genome organization using several molecular
approaches is extremely useful as it can help to answer basic
questions such as mechanism of gene regulation, basis of
chromosome evolution and phenotypic expression and functional
role of different types of repetitive DNa scquences. It is
also expected that such informetion will be useful in
providing a molecular basis for the characteristic features of
family Cucurbitaceae such as strong premating and incompati-
bility barriers leading to almost total species isolation.
The molecular studies on the four Cucurbitaceae
genomes have been described in five main chapters and the

results are summarized as follows:

1. High resolution thermal depatuyration stucdies

The fine structure of DNA melting can be related to its



biological function and is useful in calculating its

genetic and evolutionary origin. Derivative melting
profiles have revealed species and family specific
differences in plants. In the present investigation, the
first derivative melting profiles of the nuclear genomes

of the four Cucurbitaceae species have been obtained using

a Gilford 250 spectrophotometer equipped with thermoprogrammer.
The derivative melting profiles of ivy gourd and ash gourd
are symmetrical, while those of ridge gourd and sponge

gourd are skewed on the G + C rich side. Six melting
components are common to all the four species. Fourteen
out of the seventeen melting components are common in the
two Luffa species, showing a great homology between them.
The melting profiles of eukaryotic DNAs with many melting
maxime are supposed to arise mainly because of the

presence of high amounts of repetitive DNA in their genomes.
Thus this approach gives an idea about the base composition
and distribution of repetitive DNA families in
Cucurbitaceae. Attempts are being made to draw a genetic
distance map by comparing the areas under the derivative

melting profiles.

2. Comparison of DNA reassociation kipetics

The reassociation kinetics studies of short DNA
fragments (about 550 base pairs) were carried out in order
to determine the number of DNA components reassociating

with second order kinetics, the proportion of repecated



and single copy DNA scquences, and the frequency of
repetition and kinetic complexity of different classes

of DNA. The reassociatioh was monitored by optical method
and hydroxyapetite column chromatography. The repeated

DNA sequences éccount for 25% in ivy gourd, 48% in ash
gourd, 51% in sponge gourd and 59% in ridge gourd. In

ivy gourd, the repetitive DNA content of 25% is the lowest
reported so far in all higher plant species. Out of the
four species studied, only sponge gourd shows the presencc
of a fast reassociating component whose kinetic complexity
and frequency of repetition are suggestive of a satellite
fraction in its genome. The slow DNA component,with a
reiteration frequency of a few hundred¢ , coOmprises a

major proportion of repetitive DNA in all the four species.
Thus 211 the four species show about 2.5 fold variation

in proportions of repetitive and §ingle copy DNA sequences.
Large differences are also noticed in proportions, copy
number and kinetic complexity of different repetitive
fractions. For example, though sponge gourd and ridge
gourd belong to the same genus Luffa, the fast component
with a reiteration frequency of 52,900 is absent in ridge
gourd, while the kinetic complexity of single copy DNA of
ridge gourd is twice as much as that of sponge gourd. It
is suggested that these molecular variations may contribute
to species isolation in family Cucurbitaceae, which
otherwise is extremely conservative in its morphological

and cytological features.



3. Reassocjation kinetics studies at different criteria
of stringency

Generally the reassociation kinetics of DNA are
studied a2t a standard criterion of reassociation, i.e,
Tm -25°C. At this tempcrature, only those sequences
which have at least 25% homology can reassociatc. However,
it is likely that the genome has repetitive sequences
which have more than 25% divergence (fossil repeats).
Such sequences can be studied by relaxing the stringency
of reassociation, e.g., reassociating the DNAs at a lower
temperature (Tm - 30°C to Tm - 35°C). On the other hand,
a higher incubation temperature can be employed to study
the nature of the very well matched, conserved and perhaps
functional repeats. In the present work, reassociation
kinetics of repetitive DNAs have been studied optically
at three different temperatures, ranging from about
Tm - 30°C t5> Tm - SOC, in addition to standard criterion
(Tm - 25°C). 1In all the species the repetitive DNA
fraction reduces at a higher temperature of incubation.
The sequences reassociating at high stringency conditions
are shorter, have a higher copy number and a higher
thermal stability than those reassociating at more relaxed
conditions of reassociation. The effect of incubation
temperature on the rate of reassociation indicates that

the repetitive DNAs consist essentially of homogeneous



(1 ]

families. This view is als> supported by the derivative
melting profiles of repetitive DNAs isolated at different
temperatures. Ivy gourd; i ridge gourd and ash gourd
contain more ;true‘ single copy DNA and less 'fossil
repeats' than sponge gourd. Thus the genome of sponge
gourd exhibits higher rate of turnover of repeated and
single copy sequences than that of ridge gourd, ivy gourd

and ash gourd.

4, Organization of repetitive and single copy DNA sequences

Repetitive sequences interspersed with single copy
DNA sequences might function as regulatory elements for
coordinating the gene activity. Hence it is essential to
study the sequence organization in plant genomes to
understand the role of repetitive sequences, as well as
the amplification and translocation events responsible
for origin and evolution of repetitive DNA. Several
experimental approaches have beecn used to determine the
interspersion patterns in these four species. The single
strand specific enzyme S1 nucleasehas been used to isolate
pure repetitive duplexes. The S1 nuclease resistant
duplexes comprise 20%, 38%, 39% and 28% of the genome in
lvy gourd, sponge gourd, ridge gourd and ash gourd
respectively. The Agarose 4550 gel filtration profiles
of these pure duplexes show two size classesj a minor one,

about 2000-4000 nucleotide pairs in length comprising



15-20% of the repetitive DNA, and a major one (80-85%

of repetitive DNA) with an average sizec of 300 nucleotide
pairs. Extensive interspérsion of highly rcpetitive

(very fast and fast reassociating) sequences with
intermediately repetitive (slow reassociating) sequences
is observed in sponge gourd and ridge gourd, while it is
less apparent in ivy gourd and ash gourd. The length and
proportion of interspersed single copy sequences have been
determined by studying the fraction of repetitive DNA at
different fragment lengths. The interspersed single copy
sequences are about 2000 nucleotide pairs long in all four
species. Most of the single copy DNi of sponge gourd and
ridge gourd is involved in interspersion with repeated
sequences, while a larger proportion of single copy fraction
in ivy gourd and ash gourd is not interspersed with
repetitive sequences even at a length of 7400 base pairs.
The short interspersed repeat sequences show higher base

sequence civergence than the long repetitive sequences.

5. DNA-DN& hybridization

The technique of DNiL-DNA hybridization was used to
determine the extent of scquence similarity in the repetitive
DNAs, ©Sponge gourd total DNA and total repetitive DNA wes
labelled by nick-translation and hybridized with ridge

gourd, ash gourd and ivy gourd DN4s t> the respective



rcpetitive Cot valuc. ©Sponge gourd and ridge gourd
repetitive DNAs show a great extent >f sequence homology
(85-95%) while repetitive sequences of ash gourd and ivy
gourd show limited homologies (25-50%). The sequence
divergence between sponge gourd and ridge gourd repctitive
DNAs is also limited (0.65 - 1.27%) while that for ash
gourd and ivy gourd repetitive DNA is extensive (3.6 -8.00%).
These results suggest that sponge gourd and ridge gourd
have separated from each other relatively recently. On the
other hand, ash gourd and ivy gourd DNAs scem to have
undergone extensive divergence from the genus Luffa

(sponge gourd and ridge gourd) since their time of origin.



CHAPTER I

GENERAL INTRODUCTION




CURRENT CONCEPTS5 OF GENOME ORGANIZATION
IN BEUKARYOTES
DIFFERENT TYPES OF DN4_ SEQULNCES

Most of our current concepts of structure and
organization of eukaryotic DNAs are based on UNA reassociation
kinetics experiments and equilibrium centrifugation of DNAs
in CsCl and CsZSOQ gradients. Based on these studies, the
nuclear genomes of eukeryotes have been shown to consist of

mainly four types of DNA sequences as shown in Figure 1.1.

Figure 1.1

Eukaryotic DNA sequences

T

Fold back Satellite depetitive vingle copy
sequences or non-

or inverted repetitive
repeats or or unique
palindromes

or zero-time

binging DNA Natural Cryptic Highly Interme =~
repetitive diatcly
repetitive

Ipverted _repeated_sequences: These sequences generally
represent 1-5% of the total genome (1-19, Table 1.1) and
are usually dispersed with other LNA sequences. They can
be observed as hairpin structures or bubbles under electron

nicroscope (3,20,21). Ribosomal RNA as well as heterogeneous
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Table 1.1 Reassociation kinetics studies of higher plants

Fraction Copies

Kinetic Reference

ggﬁponents of per 1C complexity

of the plants genome genome (base pairs)
Dicotyledons
Arachis hypogea
Highly repeated 0.12 38,000 2.9 x 105 1
Intermediately 0.15 6,700 9.6 x 10°
repeated
Rare repeats 0.37 200 2.0 x 10°
Single copy 0.36 1 -
Brassica nigra
Very fast 0,03 - - 2
Fast 0.25 22,640 5.1 x 102
Slow 0.29 587 2.2 x 105
Simgle copy C.47 1 2.2 x 108
Glycine max
Very fast 0.05 - -
Fast 0.28 3,850 9.4 x 10)+ 3
Slow 0.2k 153 2.0 x 10°
Single copy 0.40 1 5.6 x 108
Gossypium hirsutum
Highly repeated 0.08 - 3.8 x 10° N
Repeated 0.27 134 9.7 x 108
Simgle copy 0.61 1 2.9 x 1011



Linum usitatissimum
Zero time binding
Satellite

Fast repeats

Intermediate
repeats

Single copy

Matthiola incana

Very fast
Highly repetitive
Slow

Single copy

Nicotianaz tabacum

Very fast
Fast
Intermediate

Single copy

Petrose
Very fast

Highly repetitive
Fast

Slow

Single copy

inum sativum

Table

0.03
O, 11
0.29
0.15

0.35

0.07
0.20
0.42
0.31

0.02
0.0¢
0.59
0.22

0.05
0.13
0.48
0.16
0.12

1.1 (contd.)
1 3.9 x
973,000 2.8 x
192 3.0 x
1 4.8 x
12,400 4.6 x
252 2.5 x
1 2.8 x
136,000 1.8 x
3,000 3.0 x
42 7.4 x
1 2.2 x

10



Table 1.1 (contd.)

aseolus mungo

Rapidly reassociating 0,06 - -
Intermediately 0.29 833 2.8 x 10°
reassociating

Slow 0.66 1 5.3 x 10
Phagseolus aconitifolius

Rapidly reassociating 0.05 - N
Intermediately 0.36 857 1.0 x 10°
reassociating

Slow 0.59 1 1.4 x 10°
Pisum sativum

Very fast 0.0k . -

Fast 0.46 10,000 2.1 x 10°
S1ow 0.33 3,000 5.0 x 10°
Single copy 0.21 1 4.5 x 10°
Vigna radiata

Very fast 0,02 - =

Fast 0.05 10,000 2.8 x 103
Slow 0.28 175 9.0 x 107
Single copy 0.5% 1 4.7 x 108

10



Monocotyledons

Allium cepa
Very fast
Fast

S1low

Single copy

Echigochléa
frumentacea

Very fast
Fast
Slow

Single copy

Eleusine coracana

Very rapidly
reassociating

Rapidly
reassociating

Intermediately
reassociating
Single copy

Hordeum vulgare
Very rapidly
reassocliating

Rapidly
reassociating

Slow repeats

Single copy

Table 1.1 (contd.)

0.07
0.41
0.36
0.06

0.05
0.12
0.24%
0.47

0.17
0.07

0.25

0.42

0.08
0.3%

0.30
0.28

21,600
225

205,000
288
1

1,500

140

2.9 x
2.4 x
9.3 x

3.8 x
1.2 x
6.8 x

1.7 x

7.0 x

1.6 x

11

12

13,14

15



Oryza sativa

Very rapidly
reassociating

Rapidly
reassociating

Intermediately
reassociating

Single copy

Panicum miliare
Very fast

Slow

Single copy

Pennisetum
americanum

Rapidly renaturing
Middle repetitive

Single copy

Secale cereale

Highly repeated (I)

Highly
repeated (II)

Intermediately
repeated

Single copy

Table

0.09

0.19

0.25

0.48

0.18
0.08
0.46

0.23
0.4%7
0.17

0.10

0.33

0.31

0.27

1.1 (contd.)

200,000

12,000

190

[

240

298

6x105 to
6x106

37,500

850

-]
o
"

39 x

3.2 x

1.2 x

2.8 x .

3.8 x

3.1 x
3.3 x

1.7 %
1.7 x
2.7 x

1.7 x

13,14

12

16

17

15



Setarie italica
Very fast

Slow

Single copy

Table 1.1 (contd.)

0.18
0.08
0.4

Triticum aestivum

Rapidly
reannealing

Intermediately
reannealing

Slow reannealing

Zea mays
Highly repeated
Middle repeated

Non-repeated

0.04-0,10

0.83

0.12

0.42
0.17
0.30

240

%, 300

79,333
1,133
1

2.8 x 10l+
3.8 x 107

3.6 x 10
2.5 x 106
2.8 x 10°

18

19

11
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nuclear RNA from mammals have alsO bcen shown to contain

a low percentage of foldback sequencés (22-24%), Palindromic
sequences flank most of ﬁhe transposable elements and are
probably involvcd in transposition of genctic meterial (25).
They ere supposed to function as binding sites for
regulatory proteins (26,27) and cleavage sites for
restriction enzymes (28). Thesc sequences are 21lso assumed
to be involved in the mechanism of gene expression or in

the processing of primary transcription products (29,30).

Satellite DNA sequences: Many of the very highly repeated
DNA sequences are prescnt in lqng tandom arrays and appear

as ‘'satellites' after equilibrium density gradient
centrifugation of DNA in neutral CsCl (patent satellites, 31)
or in Cszsou containing heavy metals such as Ag* or Hg+*
(cryptic satellites). Both natural and cryptic satellites

have been shown to occur in many plant species

(Table 1.2, 32-55).

In plants, the satellitcs are particularly most
abundant in the species of Cucurbitaceae and futaccae.
The largest amount of satellite DNA is present in the
genome of Cucumber (35). The plant satellite DNAs are
often heterogenecous in base composition and can be
separated into subfractions differing in their melting
properties, reassociation rates and degreecs of methylation

e.g. musk melon (56-58), Brassica nigra (59), wheat



and barley (51) and plants of Citrinac (60). The
cryptic satellite of Sinapis alba is especially peculiar
in lacking palindromes or very short rcpeats and
methylation and thus is not similar to any of the known
satellite sequences (53). The basic repeating unit of
satellite DNA is longer in plents as compared to that in
animals (47,58,61,62).

In situ localization of satellite DNAs in plant
chromosomes has shown that these sequences are generally
distributed in the heterochromatic regions of chromosomes,
chromocentres or nucleolar organizer regions (48,50,63).
In rye, the highly repetitive DNA (Cot 0.02 M x scc/1)

was isolated and shown to be localized mainly within

C-bands ncar the distel ends of most chromosomal arms (52).

The elucidation of the relationship between satellite

DNA and heterochromatin permits some conjecture concerning
the origin and function of this significant portion of

the genome of higher organisms (64-67). A role has becen
suggested for satecllite sequences in chromosome
condensation, homologous chromosome recognition and
pairing, in providing specific attachment sites for
spindle fibres and nuclear membrane and in maintaining
proper association between particular regions of non-
homologous chromosomes during interphase. The additional

functions such as genetic regulators, spacers and

16
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Table 1.2 ©Satellite DNA sequences in higher plants

Species Satellite Reference
DNA % of
total genome
NATURAL SATKLLITES
DICOTYLEDONS
Ammi visnaga - a3
Aguelagia alpina - 34
Brassica rapa 21 35
Brassica pekinensis 17 35
Brassica 9 sp. 7 36
Bryonia dioica b 35
Calendula officinalis - 35
Citrullus vulgaris 3 35
Citrus (4 sp.) 19-23 35
Cucumis melo 30 35437
Cucumis sativus 20 - 44 39,38,39
Cucurbita pepo 16-18 35
Daucas carota - 33,40
Drimys piperata 7 35
Hammamelis mollis 6 35
Fortunella sp. 2L 35
Gossypium sp. - 41
Lagenaria vulgaris 9 35

5751 ¢ 582 T82(%43)

»

[V

o |



Teble 1.2 (contd.)

Linum usitatissimum

Lobulariza maritima

Lupinus angustifolius
Luffa cylindrica

Lycopersicon esculantum

Oenothera fruticosa
Phaseolus aconitifolius
Phagseolus aureu
Phaseolus coccinecus
Phaseolus mungo

Phaseolus vulgaris
Raphanus sativus

Sinapis alba
Solapum crispum
Solanum tuberosum
Iropagolum majus
MONOC OTYLEDONS
Cymbidium hybrid

CRYPTIC SATELLITES

DICOTYLEDONS
Citrus paradasi
Cucumis melo

Cucumis sativus

2k

19
10

15

35,5
35
L2
35
43
34
AN
35
35
4
35,45, 46
38
47
35
35
48

49

32

32
32

18



Table

Cucurbita pepo

Linum usitatissimum

Vicia faba
MONOCOTYLEDONS

Avena sativa

Hordeum wvulgare
Scilla campanulatsa
Scilla sibirica
Sgcale cereale
Sinapis alba
Triticum aestivum

1.2 (contd.)

32
32
32,50

32
32,51

32

32,50

52

53
51,5%,55

19



mutation - accumulcting loci have <1so been attributed

to satellite DNA (65).

In many instances, differcntial replication of
satellite DNA sequences has been obscrved undcr certain
physiological conditions, and thus satellite sequenccs
could be involved in response to somc physiological
variations (68-70). However, most of these studics re
correlative, and closely rclated species often differ
with respect to the content of satellite or highly
repeated DNA sequences (Tablc 1.2)., ©Sateliite DNA
sequences are ccnsidered to be very sensitive indicators
of evolutionary divergence. It is suggested that they
may be involved in establishing fertility berricrs during

speciation (64,66).

Repeatcd DN& seguenccs: Most of the higher cukaryotic
genomes are composcd of diffcrent elasses of reveoted
DNA sequences differing in proportion, kinetic complexity

and frequency of rciteration (Tebles 1.1, 1.3) (1-19,71-93).

The highly repeated DNA4 sequences occur generally
as long tandom arrays, are rcpeated 103—106 times, and
have a kinetic complexity of 1O3~105 base pairs., The
moderately repeated DNi4 sequences occur about 101-103
times in the genomes and have kinetic complexities in

the range of 105-106 base pairs. These sequences are
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generally dispersed throughout the genome ond zppear

to be more conserved than the highly repecated Dia
sequénces.  Thermzl denaturation studics have indicatced
that widc variations exist in the degree of scquence
divergence in repctitive DNus o»f different plont species.
In rye, wheat, barley, tobacco, finger millet ond maizc,
for example, upto 15% basc mismatch is Obscrved in
repetitive DN4 duplexes (6,13,15,17-19). In rice, on
the other hand, the bsse mismatching is only 1% and is
the lowest reported so far (13). Phaseolus specics show

an intcrmediate degree of base mismateh (8,46).

Mzny functional rolcs have been assigned to
repeated DNA sequences. Most of the early suggestions
were based on cytological observations. 4 clear evidence
for the functional involvement of repeated DNa scquences
in meiosis comes from the studies on crossing over in
Lilium microsporocytes, wherein it is observed that a
fraction of moderately repcated DNa scquences is
synthesized during repeir synthesis in pachytene (94,95).
In addition to the rolcs in chromosome mcchanics, certain
fractions of repeats have becn assigned some other
functionswhich will be deseribed in the following sections.
However, significance o»f the much larger fraction of
repetitive DNA remains, morc or less., unknown or

speculative.



Table 1.3 Repeated DNA sequences in higher plants

Species

Hepetitive DUNA
% of total genome

DICOTYLEDONS

hpacyclus sp.

Gucunds gativus
Decaisnea fargesi
Glycine max
Gogsypium hirsutum

Helianthus annus
Helianthus tuberosus

Lathyrus sp.
Linym usitatissimum

Liriodendron tulipifera

Magnollae soulargiana
Matthiole incana
Nicotiana tabaccum
Petroselinum sativum

70.0 - 89.0
53.0 - 67.0
63.0 - 67.0
64.0

40-70

570

37.3

55.0

L8.5

%0.0

4.0 - 50.0
69.0

45.0

56.0 - 72,0
56.0

47.5

39.5

69.0

70.0

50-70

Reference




Table 1.3 (contd.)

Phaseolus 4 sp.

Pisum sativum

Raphanus sativus

Tropaeolum majus

Vicia 3 sp.
Vigna radiata

MONOC OTY LED ONS

Allium 7 sp.
Allium 3 sp.
Daffodil 1ily
Eleusine coracana
Hedera helix
Lilium henryi
Orchids 4 sp.

Oryza sativa

Pennisetum americanum

Poa annua

Poa trivielis

Scilla sibirica
Wheat, oat rye, barley

Zea mays

35-47
65.0 - 75.0
45.0
70.0
70-90
35.0

L4t.0 - 60.0
83.0 -~ 86.0
50.0
49.0
44,0 - 56,0
60.0
45.0
52.0
69.0

. 54,0

87.0
82.0
40.0
70,0 - 83.0
78.0
60.0

8,46
9,83-85
77

48

86

10

37
86
88
13
89
90
63
13
16
13
91
91
92
15,17,18,93
91
19
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Dispersed repeat families: Discovery of restriction

endonucleases and development of molccular cloning and
DNA sequencing techniques have revolutionized the study
of structure of complex eukaryotic genomes. The repeatced
DN/ sequences and their genomic organization zre found to
be much more complex than previously suspected.

Digestion of DNA with a specific restriction endonucleese
divides it into a set of fragments whose size depends
upon the spacing between the recognition sites of the
enzyme. The mixture of sizes thus produced can then be
separated by agarosc (or polyacrylamide) gel electrophoresis.
This technique hos led to the identification of two
different classes of highly repcated DNa sequences in
mammals. Dispersed families with unit lengths under

560 base pairs are found in hundreds »f thousands of
copies, and arc termed SINES (short interspersed rcpeated
sequences). The other class, composcC Of repeat units
several kilo base pairs in length, occurring about J.O{+
(or fewer) times in the genome, is termed LINES (long

interspersed repeated sequences) (96-115, Table 1.4).

Because of the almost ubiquitous occurrence of
LINES and/or SINES in the mammalian genomes, they have
been suggested to have various functions. For example,
the 4.5 S and 7S small nuclear RNAs of mouse and human

cultured cells are considered as Alu member transcripts (26).



Table 1.4 Dispersed repeat families in Mammals

e
[ ]

Copy number

Type of Organism Length References
family of
sequences
(base pairs)
Alu I Human 100,000-500,000 300 96-98
Alu-equivalent Galago o - 28
Lemur - - 98
New world - 300 929
monkey
Chinese = 140,96 96,98
hamster
Mouse 140, 000-80,000 130,190 26
Rat B o 96
C family Rabbit = = 100
Chicken = = 96
R family Mouse 100,000 475 101,102
Hinf Human 50-100 319 103
Kpn I Prime tes 6x10u-105 1200,1500 104-106
1800, 190V 107
BeoR1 Human - 340 108
MIF Mouse 50,000 1300 109-111
Apodemus - - 109-111
Rat - 109-111
Chinese
hamster - 1C9-111




Table 1.4 (contd.)

EcoRII Mouse 150¢, 1700 112

Xba I Human 85C,1300,190C 105
Gibbon - 105
Great ape - 105
01d world monkey 130¢,850 1G5

Hing 111 Human 1900 113,114

Bam HI Mouse 560U 115




Kpn I sequences:-are also transcribec in Held eells

by RNi polymerase 1I1 into abundant heterogeneous
species of RNA (106). 4lu I and Kpn I members arc

often interspersed with structural genes and could be
involved in recombination and gene conversion events (104,11
Some of the other suggested funetions of thesc sequences
are replication origins (117), involvement in ggnomc
reorganization, DNA replication and pre-mRNa

processing (118), These scquences are also assumed to
have role in definition of discrete chromosomzl and
nuclear cdomains that arc distinct from those occupica

by the predominant centromeric repcats (113).

Ingertion segugnces or mobile gepgtic elements: Meny
genetic systems under the control >f mobile sequence
elements are established todate, both in pro- and
eukaryotes. The plant mobile genctic elements are listed
in Table 1.5 (19-1B1). The most well-studied transposons
in higher plants arc those in maiz¢, c.g. (1) the Ds-hc
insertion elements affecting the 'shrunken' gene that
encodes the enzyme sucrose synthcetase and thus leading

to mutants with collapsed cncosperm (119-122), (ii) the
Ds-hc system active at 'waxy' loci that determincs
amylose content of pollen and endosperm tissue (123-125),
and (iii) the En-I (126) and Ds-Mp (127) systems causing
instability at the 1loci which ar¢ important in anthocyanir



synthesis. The mutant waxy loci have been cloned to
isolatc Ac and Ds elements (125). Ds clement is found

to be 4.1 and 2.0 kilo base pairs in length, while hc
element is 4,3 kilo base vairs long. The 4.1 kilo base
pairs long Ds element is highly homologous t> ac c¢lement,
while the 2.0 kilo base long Ds is homologous to the

ends Sf hc. Bequences homologous to ends of hAe are
present in many copies in the meize genome, while those
homologous to centre of iAc are very few. The ic glement
at waxy locus is structurally different from Qther genomic
hc-1ike sequences, as shown by restriction enzyme

digestions.

In majority of instances, the mobile sequences lead
to inactivation of genes. However, these sequcnccs are
also known to mobilize genes and activate silent genes
lecking normal promoters (132-134%), Moreover, they may
also be involved in certain cevelopmental pathways (135).
The intervening sequences in eukaryotic split genes are
generally flanked by short imperfect direcct repeats (136).
It is suggested that the fluidity of Dlia rearrangement
resulting from the frequent transposition events can
offer considerable scope for adaptations (135,137).

Mobile elements can cross barriers which normally separate

cells, organisms or species. Phage Mu, retroviruses and
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Table 1.9 Mobile DNA sequences in higher plants

System Plant Gene effected Reference
Ds-Ac Maize Shrunken gene coding 119-125
for sucrose synthetase,
waxy locus determining
amylose content of
endosperm.
En-1I Maize Loci involved in 126
anthocyanin systesis
Ds-Mp Maize Loci involved in 127
anthocyanin systesis
Uq Wheat Strains infected with 128
W heat Streak Mosoic
Virus
Cin 1 Maize - 129
3.4 Kb unit Soybean L1 lectin genc 130,131




T-DNA of hsgrobecterium tumefacicns are interspecific

and even intergeneric vectors or agents for genome
reorganization (138), In acdition o single mobile
element in Drosophila (P clement) can behave differently
in different cell types (128). Flavcll et =21, (139)
suggest that the movement Of short pieces 3£ DN&4 to new
sites is a relatively common phenomenon in Jlant

chromosome evolution.

Myltigepe families: Llthough most structural genes =ic
single copy sequences, & variety of multigene femilics
are known in which the gene sequences are present in
enough copies t> be included with the moderately repetitiv
DNA. The examples of plant multigene familics arc given
’(3140- 55;)).
in Table 1.6 £ Many multigene familics such as ribos.omal
RNA genes arc organized in arrays of tandemly reoeating
units which include & lergec amount >f spacer D4 and
sometimes noncoding intervening sequenccs within the
gencs themselves., The function of spacer and insertion
sequences in such units remains uninown. 1t is suggested
that they play 2 role¢ in the operation »f corrcction
mechanisms (such as unequal crossing over) requircc for

the parallel evolution »f tancem genes (156).

In addition to tandemly repeatec genes, recent
evidence suggests that copics >f some repeated genes

cen exist at many different loci e.g. the genes for the



Table 1.6 Multigene families in plants

Multigene « Number o Re fepe
family Species g:ﬁozr f eference
Ribosomal DNA Rice 850 140
i Varietics of 2308-6457 141
Triticum durum
N Microseridincae 1100-3200 142
i Allium cepa 5520-11870 143
Zein Maize 100 1hh-146
Bl hordein Barley - 147
Conglycinin Soybean 5-20 148
Storage protein Cotton - 149
150
Phaseolin Phaseolus vulgaris 1k 151
Actin Soybean 10 152
Leghaemoglobin soybean Lo 153
Ribulose Wheat - 194
bisphospha te
carboxylase
" Soybean - 155




maize storage protein zein erc distributed -n different

regions of chromosome 4% and 7 (157).

Single copy DNA: The most slowly reassociating DNa
sequences in eukaryotic genomes are usually assumed to
be single copy sequences. There are some plant species
where truly unique DNAi sequences are not present, e.g.
the genome »Of Vicia faba contains 60 identical copics of
the so-called unique DNA sequences wherecas V.sativa has
four identical copies (75). 1In plants, the proportion

of single copy DNA varies In the range >f 10-65% (Table 1.1).

The unique or single copy LNa sequences arc
considered to incluGe the sites Of classical genetic
activity, i.e., the structural gene 1oci, such zs
fibroin (158), globin (159,160) an¢ svalbumin (161).
However, usually only a very small fractiomn of uniquc
DNA (1-10%) is found to be transcribed int. mRNA (162,163).
Nuclear RNA typically contains 4-10 times excess
transcripts, but most of them ncver leave the nucleus
anc, therefore, ¢o not code for proteins (16%,165).

Thus the amount of unique DNi Coes not correlate with the
bilological complexity of the organism, any more than the

total DN4 content cdoes.
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GENOME ORGANI1ZoTION IN BURLRYOTES * 5. +c11ite DNa

and very highly repctitiye DNa generally occur as
tandemly linked simple sequences. On the sther hand,
members of the intermecdiately repetitive class are
located in all the regions of the genome. Britten anc
Kohne (166) were the first to Gemonstrate the interspersion
of intermedlately repetitive and unique DNa sequences.
Two general types of interspersion patterns are discernce .
The Xenopus pattern or 'short periodlinterspersi>n

pattern is characterized by repeat units about 300 booc
pairs in length, interspersed with single copy sconen: -
about 800 base pairs long (167). The Drogophila npattein
or 'long period' interspersion pattern is characterizec
by families of repeat units several kil basc pairs in
length separated by tens »f kil basc pairs of single
copy scquences (168), The studies in Xepopus (167), sea
urchin (169), en insect (170), fishes (171),

mammals (172-174%) and z fungus (175) cemonstrated 2 wide-
spreacd occurrcence of short period interspersion pattern
end suggested that this srrangement coulc have a
functional role. The mxel >f gene repgulation proposed
by Britten and Davidson (176) and since updated (177,178)
is an attempt to integroate the information available on
DNA sequcnce organization and gene regulatim in

eukaryotes; here repetitive scquences have been sugrgested



to represent regulatory elements for the expression

of acjacent structural gencs.

Subsequent studies; however, have revezled the
presence of long period intcrspersion pattern in a wide
variety of unrelated organisms such as birds (179,180),
nematode (181) and fungi (182-185). Studies on DNL
sequence organization patterns in plants have also
revealed a great diversity (Table 1.7). From the table
it is clear that while plants like wheat, rye, maize
and tobaccd exhibit mainly short period interspersion
pattern, the rest of the plants have either mixed or
long period interspersion patterns. Rice and flax are
unique in having no inter;persi>n »f repeat and single

copy DNA sequences at the specific fragment length studied

Another interesting point that has emerged from
the analysis of sequence organization in plants is the
dependence of pattern of interspersion on the genome
size. Plants with genome sizéi!i;ller than 2 x 109 base
pairs show predominance of long period pattern, while

genomes larger than 1 x 109 base pairs show the

predominance of short period pattern.

It is suggested that the great diversity in genome
organization patterns may not reflect differences in genc
regulation mechanisms. Instead, the pattern of sequence

organization appears to reflect the nature of processes
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like amplification and translocation responsiblc for
evolution of repecated DNA4 sequences. Frequent
amplification would 1ea¢ to highly repetitive genomes,
and when coupled with relatively frequent transposition
events, genomes with extensive short perioxd interspersion
would result (191). Thus the pattern >f sequence
arrangement is determined by the rate of 'turnover' of
the genomes, the rate being ¢ifferent even among

organisms with similar genome sizes.

MQDELS OF REPETITIVE DNA IN EVOLUTION.: Various models
have been presented to account for the accumulation and
persistence of repetitive Dia in eukaryotic genomes.
These models can be classified according to the level

at which natural selection has operated curing procuction
of repeats, anc whether the action of natural selection

is sequence dependent or indcpendent.

The function-depencent models have been suggested
particularly by Britten and Davidson (176) and Davidson
and Britten (177,178). These models suggest a sequence-
dependent positive selectibn for the repeats, because
of their effects on the developmental programs of the
organism. The proposed roles of these repeats incluce
(i) regulation of transcription, (ii) production of

evolutionary novelty, (iii) encoding »f regions within

%)
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large RNAs which allows them t) function as regulatory
activators and (iv) integration of chrombsome structure

and recognition,

The more reccnt sequence-dependent models include
that of 'selfish DNi' proposed by Orgel and Crick (192)
an¢ Doolittle and Sapienza (193). However, this mocel
suggests that only those sequences accumulate which can
make use of the cellé replication machinery. FPhenotypic
selection acts only to check the accumulation when it

begins to affect severely the workiny »f the genome.

The highly sequence-incdependent ‘ignorant' mocel
of Dover (194) also suggests phenotypic selection only
as a check. The model postulates no direct selection
on repeats at all, and suggests that they are rather
nccasional randemly generated sice-products >f the

genomic machinery for DNi4 metabolisnm.

The 'nucleotypic' madel Hf Cavelier-Smith (195,196)
is also sequence-independent, but suggests 2 link between
selection based on phenntype anc accumulation of
moderate repeats. Selection acts only on overall DNi
content. This determines the physical volume »>f the
nucleus, and thus incirectly the cecll size, cell cycle
time, nucleus-cytoplasm transport and other aspects of

nuclear and cell size.
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heeording to Bouchard (197), the genomes are
'predisposed' to produce repeats, anc the 'tilerance'
of the genome is the rate at which it can acce;t such
events. dccording to the 'ignorant' moccel, the production
of periocic saltation is an unavoidable byproduct of 4he
complex machinery of DNis metabolism >f the cell. This
may be true to some degree, since barlington (198) hes
arguec that charactecristics which have an overall
selective acdvantage are adopted during evolution, even if
they carry small disacdvantages. Once such mechanisms arc
incorporated, they are quite cifficult to change or
replace. Jain (199) suggests that therc mey have becn
positive selection for saltatory replication as a
potential source of evolutimary novelty not provided by
point mutations. The tendency towards saltation may

vary from one genome to another.

Finally, uncer the scheme suggested vy Boucharc (197),
the potential for accumul:tion of molderate recats within
a given genome will be governed by the extent oOf
predisposition, receipt of certain sequences from external
sources, anc tolerance exhibitcd by the ancestral
lineages. The amount and characteristics of repeats
observed at present will be a function of the passive

rate of accumulation over time (balancec¢ t5 an unknown



degree by probably passive Celetion). In addition,

some portion cf the accumﬁlatec repeats may have become
fixed due to having possessed or acquired a sclectively
acvantageous functicn or becausc Of cutonomous tendencics

(e.g. transpos ms).

A1l the maCels of cvolution c¢iscussed above are
not mutually exclusive. Different genomes may be
subjected to various »drocesses inclucec¢ in these models

to different cegrees.

«du



10

SCOPE OF THES IS

The family Cucurbitaceae contains a number of

common vegetable and fruit crops such as gourds and melons,

distributed in the warmer parts of the world. All these

plants are climbing herbs or shrubs, and are very similar

in their morphological features. The family in general

shows the following salient features:

1.

Absence of polyploidy during evolution of cultivated
species.

Presence of monoecious or diceeious forms.
Occurrence of a heteromorphic pair of chromosomes

in some instances.

Adoption of both premating and incompatibility
barriers, leading to almost total species isolation.
Occurrence of small chromosomes, with chromosome
number generally 2n = 22, 24 or 26. Occurrence of
loss of chromatin during evolution.

Small genome size (1C), varying in a narrow range

of 1.75 to 2.25 pg.

Presence of satellite‘DNAs in many species.

Presence of mitochondrial genome which is large and

variable in size.

The molecular biological data available so far in the

family Cucurbitaceae is limited to mainly satellite DNA



sequences, ribosomal cistrons and mitochondrial genomes.
Since no information was available about the structure and
organization of nuclear genomes in Cucurbitaceae plant
species, studies were undertaken to analyse the nuclear
DNA of a few cucurbits. It is expected that such studies
would be extremely useful in understanding the role of
repeated DNA sequences in speciation, genome repatterning
during evolution, and molecular basis for the strong

species isolation.

The following four species belonging to threc

different genera have been chosen for study.

1. Luffa cylindrica (sponge gourd)
2. Luffa acutangula (ridge gourd)
3. Benincasa hispida (ash gourd)
4, Coccinia jndica (ivy gourd).

Chapter II includes isolation and physico-chemical
characterization of the nuclear DNAs including high
resolution thermal denaturation studies. Chapter 11I deals
with determination of amount of repetitive DUNA& in these
genomes by optical reassociation and hydroxyapatite column
chromatography. The Cot curves are analyzed using nonlinear
least squares method to reveal the components reassociating
with second order kinetics. The reassociation data are

also used to estimate the frequency of repetition, kinetic

complexity and proportions of different repetitive fractions.

a1
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Further analysis of repetitive DNA sequences has been

summarized in chapter IV. Reassociation kinetics have

been carricd out at different criteris of stringency to

determine the proportion of very highly diverged and of

less well-matched repetitive sequences. Thermal denaturation

and optical reassociation of different Cot fractions have

been studied to determine their kinetic heterogeneity and

base mismatch, In chapter V, arrangements of repeated

and single copy DNi4 sequences using different complementary

approaches are described. In chapter VI, results obtzincd
by DNA - DNA hybridization between repeated DNAs of sponge

| gourd ancé of ridge gourd, ash gourd and ivy gourd arc

glven., Finally, in chapter VII, our conclusions on the

Cucurbitaceae nuclear genomes arc described.



1. Luffa: A cosmopolitan genus - Out of 9 species 7

occur in India, and two are cultivated.

a) Luffa cylindrica (Sponge gourd): in extensive climber
with bright yellow flowers. Fruits are 15-50 x 6-10 cms,
fusiform, strongly fibrous inside. Seeds are smooth, usually
black, with slightly winged margins. Tender fruits are used
as vegetable. The ripe frults produce the best kind of bath
sponge. This species has great affinity to Luffa acutangula

with respect to many floral characteristics (200).

b) Luffa acutangula (Ridge gourd): Extensive climber with
pale yellow flowers. Fruits 15-30 x 6-10 cms, angular,

acutely 10-angled. Seeds are black, thick, compressed.

Ridged gourd is a popular vegetable and eaten when tender (200).

2. Benincasa hispida (4sh gourd): in annual climber. The
plant is softly hairy. Flowers are large, vellow, solitary,
Fruit is thick, hispid, fleshy, hairy when young and waxy
when mature, Seeds are yellowish white, marginate and
compressed. Cultivated in tropical and subtropical regions
of India. No where it is recorded to occur wild. Both

young and ripe fruits are used as vegetable (200).

3. Coccinia indica (Ivy gourd): 13 species, mostly confined
to tropical Africa. Only one occurs in India. 4 diocecious
herb with white flowers. Fruit 5.0 x 2.5 cms, with red and
Juicy pulp. Fruit is a common vegetable (200).



Figure 1.2 ¢ Seeds and Fruits of Cucurbiteceac

A  Sponge gourd B Ridge gourd
C Ash gourd D Ivy gourd
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CHAPTER II

HIGH RESOLUTION THERMAL
-NATURATION ANALYSIS OF DNAs




HIGH RESOLUTION THERMihL DENATURATION &NsLYSIS OF DNhs

SUMMARY

Thermal denaturation studies of DNis of four
Cucurbitaceae plant species have been carried out to
determine the base composition, hyperchromicity and
transition width of melting. The melting temperatures of
the total, unsheared DNAs fall in the range of 83.2 to
85.7°C. The G+C contents calculated from the melting
temperatures range from 34 to 40%, the lowest being in
ivy gourd and the highest being in ridge gourd. The
transition widths of 6 to 8°C represent a moderate sequence

divergence in the four species. The high resolution thermal

denaturation profiles have shown species-specific differences.

hbout 12 out of 17 to 22 melting components are common to
all the species, when a range of 1.5% G+C is considered for
comparison. The two Luffa species show very similar first
derivative melting profiles, and hence may have a significant
DNA sequence homology. The profiles of Luffa species are,

however, very distinct from those of ash gourd and ivy gourd.

INTRODUCT ION

Melting of DNA indicates the separation of the two
component strands which are initially held together by

hydrogen bonds and hydrophobic interactions. The DNi melting



profile in general is a two dimensional cisplay obtained

by plotting a change in some measurable property of DNA

like alterations in viscosity, optical rotation, buoyant
density, light scattering and extinction cocfficient, against
an external variable responsible for melting of DNA, such as
temperature, pH, ionic strength, organic solvents and
concentration of ligand molecules. The LNA melting profile
is primarily characterized by the following parameters:

(i) The melting temperature (Tm), which is defined as the
temperature corresponding to the midpoint of the melting
curve (1)3 (ii) the sherpness or breadth of melting, A T:

or 6 2/3, defined as the difference between the temperatures
of 'a' (17%) and 'b' (83%) melting (2,3); (iii) hyperchromicity
which is expressed in terms of percent increase in absorbance
after complete denaturation. Under constant conditions of
ionic strength and pH, a lincar relationship exists between
the melting temperature and the base composition of DNA

expressed in terms of G+C,

The most popular method for studying the melting
of DNA is to monitor the change in ultra violet a2bsorbance
caused by elevating the temperature of DNA solution. This
method is simple and reliable, and environmental conditions
can be set with precision. The UV absorbance by nucleotide
bases in the wavelength region around 260 nm is duc to the

m-1" electronic transition in purine and pyrimidine bascs.



The intensity of absorbence increnses by about 40% when
the hydrogen bonds between the bases are disrupted. A
linear relationship exists between this hyperchromicity

and the extent of disruption of base pairs.

1f a given DNA molecule contains regions within it
which are markedly different in G+C content from the
average G+C content of the whole molecule, then such
regions will have different Tms from the rest of the
molecule resulting in a heterogeneous denaturation behaviour.
Such heterogeneity is seldom visible in the simple
denaturation profiles, but can be readily detected by
plotting "derived" melting curves, where the ratio of
hyperchromicity over a small rise in temperature (e.g. 0.1°C)
to the total hyperchromicity is plotted against temperaturec.
Such studies have revealed an ordercd and non-random
distribution of base sequences in most organisms. Three
kinds of derivative melting profiles are generally
recognized: (i) Polyphasic melting of short, homogcneous
viral DNAs consisting of unique sequences (4-8); (ii) smooth,
monophasic melting of bacterial and large viral DNAs (8,9)
and (11i) broad, polyphasic melting of higher eukaryotes (8-12).
The peaks which appear distinctly in the melting of DNAs
of higher organisms are not the products of internal base
sequence heterogeneity, but may come from some special

families such as satellite DNA sequences or some other
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regions specific to functions of higher organisms, and

at least in part from repeated sequences (8-13). The fine
melting technique can be applicd to c¢stablish = way in which
the DNA double helix is constructed and to relate it with
its biological function to find the genetic and evolutionary
origin of this nonrandom sequence arrangement and also in

recombination and gene manipulation tcchnology (14).

Since the melting profiles provide a histogram of
the local G+C content arranged over several hundred basc
palrs, it provides a convenient method to examine the
homology or to explore the taxonomic relationships among
DNAs, like deletion mutants of lambda phage (15), kinetoplnst
DNAs of hemoflagellates (16), and a series of related
bacteriophages of Bacillus subtilis (4). Specics - and
family-specific melting curves have been obtained in some
higher plants (12). This technique has been shown to have
advantages over the other techniques of genetic distance
evaluation, like restriction mapping and DNA - DNA
hybridization (4). 1In addition, fine melting has apparently
a greater resolution compared to techniques like density
gradient centrifugation and electron microscopy employcd

for studying distribution in base composition (9,14).

This chapter describes the studies carried out on
denaturation characteristics and high resolution melting

studies of DNAs of sponge gourd, ridge gourd, ash gourd
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and 1ivy gourd, to determine the heterogencity in base
composition and also to assess the extent of similarities

and differences among these four species of Cucurbitaceze.
MATERIALS AND METHODS

DNA_sources and seed meterials

Seeds of Luffa gxl;gé;;gg (sponge gourd), Luffa
acutangula (ridge gourd), Benincasa hispida (ash gourd)
and Tpiticum aestivum (wheat) and fresh fruits of Coccinig
indica (ivy gourd) were obtained locally. Thc sourcc of
seeds and the variety were kept constant in order to svoic
qualitative differences, if any. The sceds were washed
thoroughly with distilled weter, and treated with 0,001%
mercuric chloride for 10 min. to reduce the bacterial
contamination (17). Seeds were grown on wet cotton in cark
under controlled conditions of temperature znd humidity.
About 6-8" long shoots (grown for 8-10 days) were cut anc
stored at -20°C till further usc. In casc of ivy gourd,
fresh fruits were thoroughly washed and usec for DNA

extraction.

E.coli B NCIM 2089 was used for DNA extraction.
Calf thymus DNA was obtained commercially.

Chemicals

All the chemicals used throughout the work were of

Analytical Reagent (AR) or Guaranteced Reagent (GR) grace.
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They were obtained from British Drug liouse (BVH), Sarabhai
Chemicals or E. Merck. Fine chemicals/reagents such as
RNase A, Tris (Tris-hydroxy methyl aminomethane) and
agarose were obtained from Sigma Chemical Co., MO, USk,
Molecular weight markers (A DNi digestecd with Hind 1II and
¢ X 174 RF DNia digested with Hae 1II), anc restriction
enzymes were obtained from Boehringer Mannheim, West Germen:

or Bethesda Research Laboratories, USh.

DNA isolation

DNAs were extracted by a combination of procecurcs
of Marmur (18) and Ranjekar et 2l (19). Frozen plant
tissue or fresh fruits cut to smaller picces were
homogenized in sucrose buffer (0.5 M sucrose, 0.05 M Tris,
0.05 M maleic acid, 0,003 M CaCl,, pH 6.0, containing 0.1%
Triton X-100) in a Remi blender at maximum speel for 1 %/2 min.
The homogenate was filtere¢ thr ugh two layers >f cheese
cloth or muslin cloth and the filtrate obtainecd was
centrifuged at 1000 x g for 30 min., The crude nuclear
pellet was resuspended in sucrose buffer and centrifuged
again at 1000 x g for 20 min. This procedure wes repeated
twice. The washed 'nuclear' pellet was found to be
composed of nuclei as well as a lot of cell debris, anc
was free of chloroplasts. The pellet was resuspended in
saline EDTA (0.15 M NaCl, 0.1 M sodium salt of EDTA, pH 8.0)
and the nuclei were lysed by the addition of sodium dodceyl



sulphate to final concentration of 2% followed by incubation
at 62°C for 30 min. with intermittent gentlc shaking . The
suspension was then cooled to 10°C and the proteins were
denatured by adding sodium perchlorate to an effective
concentration of 1M, followed by Ceprotelnizati :n with
chloroform-isoamyl alcohol (24:1 v/v). The latter step wes
rcpeatec till the interphase was totally absent. The
aqueous layer was chilled anc the nucleic acids were
precipitated with 1.5 volumes of ethanol, The fibres

were spooled out, dried, dissolved in 1 x S8C (0,15 M NaCl
0.015 M trisodium citrate, pH 7.0) anc then incubated with
RNase 4 (50 mg/ml) at 37°C for 1 h to remove the
contaminating RNA, Prior to use, RNase was heated at 80°C
for 10 min. to meke it frec from any DNazsc activity. The
solution was then deproteinized with chl roform - isoamyl
alcohol (241 v/v) anc the DNi was precipitated with 1.5
volumes of ethanol and dissolved in 1 x S8C. sbout 5-8 mg
of DNA was obtained from 1 kg tissue, Wheat DNe was also
isolated according to this procedure. E. coli Dlis was

isolated according to Marmur's procedure (18).

Criteria of purity of DNA preparations

(I) A11 the DNi preparations were analysed routincly

for RNA, protein and polysaccharide contamination by

62

orcinol test (20), Lowry's assay (21) and paper chromator.-p~

of sugars obtained by hydrolysis of polysaccharidecs (22)
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respectively. The DNiL preparatiosns hac less than 1%

contamination of RNa and proteins.

Procedure for polysaccharide estimation: 10-15 mg of DNk
precipitate was dissolved in 1 N HC1 and hydrolysec¢ in a
boiling water bath for 30-35 min. &ll speraticns were
carried out in a 1.9 ml capacity Eppendorf microfuge vial.
After hydrolysis, a pinch of animal charc>l was acded and
the vial was shaken. The solution was then centrifuged anc
the supernatent was discardec. Only sugars get adsorbed on
charcoal. The adsorbed sugars were ecluted from charcoal by
suspending the charcoal pellet in cthanol and collecting the
supernatent by centrifugation. The ethanol containing the
sugars was allowed to evaporate at room temperature to
reduce the volume to 5-10 ml. It was then chrometographed

on Whatman 1 (ascending) in N-propanol:acetic acid:iwater
(7:231) system. The chamber and the paper werce saturated
before the run. The chromatograph was air-dried and
developed in the following scquence: i) dipping in saturated
solution of silver nitrate in acctone and drying, ii) dipping
in 0,5% NaOH in 90% ethanol and drying, iii) finally dipping
in 0.5% sodium thiosulphate solution.

Calf thymus DNA treated similarly, anc the sugars
like glucose, ribose and deoxyribose were used as standards.
The standard sugars guve dark brown spots, while the DN4

preparationsshowed only deoxyribose sugar (Figure 2.1).



Fig., 2.1 ¢ Determination of polysaccharide contamination
of DNAs by paper chromatography.

Lane a * D-glucose

Lane b ¢ DNA of sponge gourd
Lane ¢ : DNA of ash gourd
Lane d ¢ D-ribose



(II) The wavelength scanning of the LNAs was carried
out in the range of 220 to 300 nm. ill the DNa preparations
exhibited an optical density ratio hzso/hzéo = 0,55 and
A23O/A260 = 0.45 and had absorbance less than 0.100 at
300 nm, Figure 2.2 represents a typical absorption spectrum

for the DN.. preparations.

(III) The DNihs showed approximately 25% hyperchromicity
after denaturation, The presence of sharp melting profiles
and absence of a 'foot' or shallow absorbance rise before
the actual start of melting is indicative of absence of

single-stranded DNA and RN4 (Figure 2.4) (23).

LNA sizing

hverage size of the DNi4 preparations was cetermined
by agarose slab gel electrophoresis using 1% agarose (Sigma)
gels in TAE buffer (40 mM Tris, 20 mM acetic acid, 2 mM EDTa,
pH 8.1). Electrophoresis was carried out at 50 mV. The
gels werc stained in ethidium bromide (0.5 mg/ml) in dark
for 10 min., visualized on ultraviolet transilluminater
and photographed using a Pentax ES 11 camera with a 50 mm
lens. Hind III digest of A DNi and Hae III digest of
¢ X 174 RF DNA were used as molecular weight markers. The
DNA preparations showed a molecular weight greater than

10 kilo base pairs (Figure 2.3).
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Fig. 2.3 ¢ Agarose slab gel electrophoresis of sonicated

ivy gourd (lane a), sponge gourd (lane c) DNAs and
unsonicated ash gourd (lane d) and ridge gourd (lane f) DNAs.
¢ X 174 RF DNA digested with Hae 1II (lane b, 1342, 1078, 872,
606, 310 base pairs) and DNA digested with Hind III

(lane e, 23300, 9500, 6400, 4200, 2200, 1800 base pairs)

were used as molecular weight markers.
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Thermal c¢enaturation was carriec out using a
Gilford 250 spectrophotometer equipped with thermoprogrammer
(Model 2527), analog multiplexer (Model 6046) ancC automatic
reference compensator (19). Thermal cuvettes were filled
with 0.3 ml DN4 solution (29-50 pg/ml) in 0.12 M sodium
phosphate buffer, pH 6.8, and the absorbance was rccorded
at room temperature. Cuvettes were filled in such a way
that the air-space was less than 10% of the solution volumc
and evaporation was prevented using teflon stoppers. The
temperature was then raised to 98°C at the heat rate of
IOC/min. and the absorbance change occurring curing the
heating process from 62°C t> 98°C was monitored, either
with the recorder (Model 6051) »r programmec printer.
The hyperchromicity of the DNi samples wes calculated using
the formula

: %Y - 4 Y
H - hoeo (987C) hoeo (62°C) (24,25)

5
Aoeo (987°C)

where H is the hyperchromicity and 5260 is the absorbance
at 260 nm. The total hyperchromicity was normalized to
100% and the graph of percent hyperchromicity versus
temperature was plotted. The melting temperature (Tm) of
the DN4s was calculated as the temperaturc at which half

of the total increase in absorbance is obtained. The G+C
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content of DNAs was determined according to the formula
G+C = (Tm - 69.3) 2.44 (1,26).
The transition interval (AT) was calculated as
o o) ) , .
T, °C (83% hyperchromicity) - T, C (17% hyperchromicity)
(2,3).
DNAs from E.c2ll, calf thymus and wheat werc used as

standards for comparison in these studies.

High resolution thermal denaturation analysis

For such analysis, DNas werc denaturated at a hecat
rate of O.ZSOC/min. and absorbance values were recnrded at
0.1°C increment, from 62°C to 98°C. Thus the expcrimental
curve consists »f 300-400 experimental points c¢epending
on the melting range »f DNaA, ©Noise levels were recduced with
a large slit width (1 mm) together with 2 high initial DNA
concentration (50 mg/ml). Data smoothing anc¢ differentiation
were performed by fitting ten contiguous data points at a
time to a simple polynomial by the least squarcs method.

A4 linear function was used as a fitting polynomial (14).

The differential curves were obtained by plotting the
temperature derivative of the absorbance of Dla against
temperature (dA/dT vs T). To check the reproducibility

of the procedure, at least five DNiv preparations, each in
duplicate, were melted and the resulting curves were analyzcd
separately. Fitting 10 points at a time, each indicating

0.1°% increment, represents a temperature rise of 1:b,
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which is expected to resolve individual recions melting
below and above the average Tm »f the DNa., The 1limit of
resolution of this analysis is 0.001 absorbance, and peaks
separated by an interval as narrow as 0.4%°C (approx. 1% G+C)
coulé be detected reproducibly.

RESULTS

The melting data obtained by cdenaturing all the
DNAs at 1.0°C increments are Cepicted in Figure 2.% and
summarized in Table 2,1. 411 the melting curves are smooth,
sharp and monophasic. The Tm values range from 83.2 to
85.7°C. The G+C contents as calculated from the Tm valucs
fall in the range of 34 to40% as in most other higher plant
species (12). The G+C contents of E. ¢oli, calf thymus anc
wheat DNAs compare well with the reportec values (3,8,9).
The AT (transition interval), which is an incication of
base composition heterogeneity in DNi, ranges from 6 to 8%,
This range is narrow t> moderate as compared to that in
some higher plants (3). The hyperchromicities fall in the
range of 25 to 27.5%.

The first derivative melting profiles reveal several
details about the heterogeneity in distribution of components
differing in base composition (Figure 2.5). The derivative
profiles of DNAs of E. cli, calf thymus anc wheat were also
obtained under identical conditions and found to compare
well with the reported data (3,8,9). 41l the four

Cucurbitaceae plant species show 17-22 melting components
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Figure 2,4 : Thermal denaturation profiles of Cucurbitaceae DNAs.

High molecular weight DNAs (>'10 kilo base pairs) in 0,12 M sodium
phosphate buffer (pH 6.8) were melted in a Gilford 250 spectrophotometer
at a heat rate of 1°C/m1n. and absorbance values were recorded at an

interval of 1°C.



Table 2.1 Melting data of native unsheared DNAs

Species Tm G+C content  Hyper- AT O
g (%) chromlelty ()
%
E. coli 90.83+0.96 52.54+2, 34 21.30+0.81 L4,60+0,.23
(6)
Calf thymus 86.18+0.41 41,19+1,00 2L.89+1.68 7.36+0.33
(5)
Wheat 85.56+0.12 39.69+0.28 24.34+0,29 10.67+0.23
(3)
Sponge gourd 84.39+0.23 36.83+0.56 28.82+0.78 7.16+0,60
(7)
Ridge gourd 85.67+0.23 39.94+0.56 27.56+0.41 7.53+0.61
(6)
Ash gourd 8%.21+0.46 36.39+1.13 25.27+41.07 6.39+0, 44
(7)
Ivy gourd 83.244+0 .46 34,01+1.12 26.57+1,02 7,960, 39
(8)

* Figures in parentheses indicate the number of experiments

carried out in each case.



Fig. 2.5 ¢+ First derivative melting profiles of unsheared
DNAs of four Cucurbitaceae species and of kL.coli, calf
thymus and wheat. All the DNA melting experiments were
carried out in 0.12M sodium phosphate buffer (pH 6.8).

The DNA concentrations used were 50-60 Jpg/ml. A1l the DNAs
were denatured at a heat rate of O.25°C/min; and the

absorbance values were recorded at 0.1°C increments.
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which can be arbitrarily divided into three groups. The
first group includes maxima peaks at the Tm anC peaks that
are in the range of + i Qn either side of the Tm. The
second group comprises early melting, 4+T rich components,
upto the melting maxima, while the third group represents
late melting, G+C rich components melting at temperaturcs

higher than the melting maxima.

In all the species, two to three maxime peaks which
coincide with the mean melting temperature are observed.
While the melting starts from 74-76°C in sponge gourd,
ridge gourd and ash gourd, in ivy gourd it starts much
carlier (72°C), and two very early melting components
(72-5OC, 73.0°C) are observed. ALll the species show 7 to 9
A+ T rich components and 7 to 8 G+C rich components. Thermal
denaturation is complete by 95°C in sponge gourd, ash gourd

and ivy gourd but continucs upto 97’C in ridge gourd.

The derivative melting profiles of sponge gourd
and ridge gourd are very similar and are skewed on G+rC
rich side, with distinct peaks betwcen 87.5 anc 88.0°C,
The melting profile of ridge gourd, however, can be
distinguished by its high melting component at 96.6°C.
The fine melting profiles of ash gourd and ivy gourd are
symmetrical, with apparently equal distribution o>f 4+T
rich and G+C rich components on either side of the melting
maxima, The profile of ivy gourd, however, is distinguishec

by the presence of the twn early melting components.



In order to determine the number »f components
that are shared among the four species, the positions of
all the components are inaicated in Figure 2.6, L
temperature range of O t> 0.6°C was considered t» estimate
the number of shared components and these cata are
summarized in Table 2.2. In the temperature range of
0.6°C (1.5% G+C), 12 melting components are shared by all
the four species, six each on the 4+T rich and G+C rich
sides, of the melting profiles. The number >f common
melting peaks 1s reduced to 11, 10, 7, 5 and O as the
range for comparison is reduced to 0.5°C, 0.4°C, 0.3°C,
0.2°C an¢ 0.1°C temperature difference (1.25%, 1.00%,
0.75%, 0.5% and 0,25% G+C, respectively). In the two
Luffa species, fourteen out of seventeen components are
common at a temperature difference of 0.6°C. Out of these,
as many as eight are common even at 0.1°C cifference and

three appear at identical positions.
DISCUSSION

Since fine melting analysis is & very sensitive
method, several precautions were taken to avoid artifacts,
High molecular weight DNA preparations (molecular weight >
10 kilo base pairs), free from detectable levels of
polysaccharides, RN4 and single stranced DNia were usecd.
Experimental conditions such as salt concentration

(0.18MNa™), and DNA concentrations (50-60 jug/ml) were
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Table 2.2 The number of melting components shared by
the four Cucurbitaceae species

Temperature 0.6 0.5 e 0.3 0.2 0.1 0,0
range (°C)

G+C content 1.46 1.22 0.98 0:73 0.49 0.24 0.00
range (%)

Number of 12 11 10 % 5 - -

components shared
by all the four
species

Number of L 13 13 11 10 8 3

components
shared by two
Luffa species




kept constant. The number and position of all the
components in every DNA4 preparation were redroducible in

the case of all the DNis.

From Figure 2.5, it is clear that cach species
shows a polyphasic cerivative melting profile, and distinct
species -specific differences are »bserved. The appearance
of polyphasic melting profiles in eukaryotic DNis is
considered to be the effect of satellite and repetitive
families. The bacteriophage DNis are made of unique
sequences and show the presence of 'thermalities' melting
in very narrow intervals (9 ). However, as the genome
size increases, the overlap between the neighbouring secquences
increases and this results in smooth, monophasic melting
observed in the bacterial DNis, which are also composed
of only unique sequences (8). This should also be true
for the higher plants and animals, if their genomes are
to consist of only unique sequences. Thus the multiphasic
melting profiles of higher orgenisms could be arising from
the different repetitive sequences in their genomes. Each
repetitive family in general should have a distinct base
composition, and behave 2s a 'block' in the DNA melting (9).
The technique thus allows identification of major blocks
of repetitive DNA, even if they are interspersed with other
DNA4 sequences, ancd therefore not Cetectable in cesium

chloride gradients. The satellite sequences studied so far



79

in Cucurbitaceae are G+C rich (27,28). The present four
species do not show any such distinct high melting
component. However, our work on other species of
Cucurbitaceac has shown that satellite sequences can be
resolved very effectively (29). Considering that the
present technique allows the qualitative determination of
repetitive families (by their melting temperatures), it
appears that the repeated sequences of the two Luffa
species, sponge gourd anC ridge gourd, are very similar,

On the other hand, they are distinetly c¢ifferent from those

of ash gourd and ivy gourd.

It is necessary to further complement this
qualitative analysis by quantitative studies., Attempts
were made to resolve these derivative profiles into a
number of Gaussian components ,;to compare the arcas under
each, and to determine the proportion of ciffercnt repetitive
familics in the genomes. However, the extremely high
number of melting maxima, anc the tremencous overlap of
their arecas has made it impossible to develop a suitable
programme for such resolution. Personzl correspondence
with Dr. R.D. Blake (Department of Biochemistry, University
of Maine, Orono), Dr. C.E. Cuellar (Carnegie Institution
of Washington, Stanford, Caiif)rnia) and Dr., A, Wada
(Department of Physics, University of Tokyo, Japan) hes

indicated that it is possible to resolve derivative



profiles with 5-9 melting maxima fairly well; however,

it is not possible to resolve the profiles of higher
organisms characterized by numerous pesks satisfactorily.
Attempts are belng made at present to overlap the profiles
and calculete the % area uncer thc curves that is shared
and not shared by the species, and thus derive the genetic

distance between them.

]0
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NONLINEAR REGRESSION ANALYSIS

OF DNA REASSOCIATION KINETICS
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NONLINEAR REGRESSION ANALYSIS OF DNA
REASSOCIATION KINETICS

SUMMARY.

Employing the nonlinear regression analysis method,
reassociation kinetics of DNAs from four Cucurbitaceae
plant species have been analysed to determine (i) the
number of DNA components reassociating with second order
kinetics, giif proportion of repeated and single copy
sequences,/(iii) frequency of repetition and kinetic
complexity of different classes of DNA, The repeated
DNA sequences account for 25 to 59% of the total DNA.

In ivy gourd, the repetitive DNA content of 25% is the
lowest reported so far in all the higher plant species.
Only sponge gourd shows the presence of a fast-reassociating
component with a reiteration frequency of 5.29 x 104, and
a kinetic complexity of only about 700 base pairs. The
slow component exhibits a low reiteration frequency of

9 x 101 to 3.2 x 102 and the total length of DNA included
in this fraction (i.e. kinetic complexity) is 1.7 x 105
to 1.0 x lO6 base pairs. The kinetic complexity of
single copy fraction ranges from 8.37 x 107 to 1.69 x lO8
base pairs. Though sponge gourd and ridge gourd belong
to the same genus Luffa, they differ in their total
repetitive and single copy DNA proportions, These

variations in proportions, frequencies of reiteration and
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kinetic complexities of different clesses of DNAs of
the four species may contribute to their interspecies

incompatibility.

IRTROLUCTION

The occurrence of repeated DNA sequences is a
typical feature of all eukaryotic genomes. This
conclusion is primerily based on DNA reassociation
kinetics measurements. Various techniques such as
hydroxyapatite chromatography and optical and fluorometric
measurements are employed to study reassociation kinetics.
Hydroxyapatite chromatography is the most convenient and
widely used methodology for the fractionation of DNA
on the basis of the reassociation rates of its components.
Since strand separation produces a hyperchromic shift
which is reversed as base pairs reform, reassociation
may also be followed optically by monitoring the decrease
in optical density (hypochromic shift) as a function of
time. A curve of percentage reassociation of denatured
DNA corresponding to different Cot values which are
dependent on the concentration of DNA and period of
incubation can be obtained by both the methods. From
this Cot curve, the percentages of repetitive and
nonrepetitive DNA and their reassociation rates can be

calculated. Repetitive DNA fraction can also be resolved



into different subfractions and estimates of their
proportions, frequencies of repetition and kinetic

complexities can be obtaiﬁed.

The only information aveilable so far on
reassociation kinetics in Cucurbitaceae species is that
on the satellite DNAs of cucumber ( 1 ) and muskmelon ( 2 ).
The two s.atellites of cucumber were found to differ from
each other in their reassocilation behaviour. The satellite I
was found to be composed of a major (75%) rapidly
reassociating and a minor (25%) slowly reassociating
fraction. In case of satellite 1I, 40% of the DNA
reassociated fast, while the remaining 60% reassociated
slowly, suggesting the presence of many components with
different complexities. The muskmelon satellite was also
found to be heterogeneous, with a fast reassocating
component comprising 37% and a slower one comprising

L4% of the satellite.

This chabter deals with the reassociation kinetics
of the DNAs of the four cucurbits, namely, sponge gourd,
ridge gourd, ash gourd and ivy gourd. We wish to find
out 1) how many DNA components, each reassociating with
second order kinetics, are present in the total DNA,

2) what is the proportion of total repectitive DN4,
3) what is the frequency of repetition and kinetic

complexity of different repetitive DNi components.



MATERIALS AND METHODS

DN& isolation

DNAs were isolated from seedlings of sponge gourd,
ridge gourd and ash gourd and fruits of ivy gourd as

described in chapter II,

DNA shearing and sizing

Since the size of DNA fragments is an important
parameter in the study of DNA reassociation kinetiecs (3),
it was controlled by shearing the DNas to small fragments.
Native high molecular weight DNas, dialysed against 0.12 M
sodium phosphate buffer (pH 6.8) were fragmented to a
modal length of 550 base pairs using a Sonic Oscillator
(Bronwell Model, Biosonik III, 250 W, 20 Khz) fitted
with a half-inch (green) probe. Prior to sonication,
nitrogen gas was bubbled through the DN4 solution for
5-10 min (4). &approximately 30 ml of the DNA solution
was sonicated at a maximum intensity for 3 min a2t 1 min.

pulse and at an interval of 10-15 min. between successive

pulses of sonication. The temperature of the DNAi solution.

was strictly maintained below 4% by constant cooling in
an ice bath to prevent denaturation due to heating. The
average size of DNis was determined before and after
shearing as described in chapter II. The DNhs before
sonication had a molecular weight of > 10 kilo base pairs,

8b
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while the sonicated DNhs gave a modal size of 550 base

pairs, with sizes ranging between 400 to 600 base pairs.

Bydroxyapatite preparation

Hydroxyapatite was prepared essentially according
to the procedure described by Tiselius et al. (5) and
stored at 4°C with a few drops of chloroform. The extent
of DNA recovery from each batch of hydroxyapatite was
checked by loading known quantities of DNi, The recovery

of DNAs was always more than 95%.
DNA_reagsociation kinetics

The major steps in a typical reassociation
experiment are (a) strand separation by heat denaturation
and (b) reassociation between complementary strands under
appropriate conditions. Proper choice of incubation
temperature (Tm -25°C) . ~  and salt concentration
(0,12 M sodium phosphate buffer, pH 6.8; Na™ 0.18 M)
provides optimum conditions for reassociation. Two
techniques were used to measure the progress of
reassociations
1) Optical reassociation: Since strand separation
produces a hyperchromic shift (increase in absorbance)
which is reversed when base pairs reform, reassociation
may be followeé by monitoring the decrease in “optical

density (hypochromic shift) as a function of time.
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DNA samples, 550 base pairs long, in 0,12 M
sodium phosphate buffer (pH €.8) werc denaturcd in a
Gilford 250 spectrophotometer equipped with a thermo-
programmer (Model 2527), analog multiplexer (Model 6046)
and automatic reference compensator. Thermal cuvettes
were filled with 0.3 ml DNiA solution (concentration
25-50 mg/ml) ané the temperature was raised to 98°C.
The absorbance change occurring during the heating process
from 62°C to 98°C was monitored at 260 nm. The
hyperchromicity of DNi samples was calculated as given in
chapter II., The DNA samples were maintzined at 98°C for
5 min. to ensure complete strand separation and then
quickly cooled to 62°C by circulating water. The arop
in temperature from 98°C to 62°C tuok about 60-90 sec.
The change in absorbance of DNi solutions was continuosly
monitored with time. The midpoint between 98°C and 62°C
(i.e. 80°%C) was calculated according to Britten ¢t a2l. (6)
and was conSidered as the zero time. The increase in
absorbance from 62°C to 98°C was teken as 100%

hyperchromicity.

The Cot value at different time intervals is
defined as the half praduct of absorbance »f dissociated
DNA x h(s) of incubation. (Cot = —%— x t (h)) (7,8).
Thus a Cot value of 1 is equivalent to incubation of a

DNA solution of concentration 83 mg/ml (approx. 2 0,D)



for one hour (7). The percent reassociation at

different Cot values was calculated according to the

formula
! - ! a s b - 4 . ive ,
% R = 100x hoeo of denatured DNi £;§9 at a g1v§n time

byeo Of denatured DN4 - kogo Of native DNA at 620

Reassociation was monitored optically in the Cot range

of 1.0 x 1073 t0 5.0 x 10° M.sec/1.

2) Hydroxyapatite column chromatography: Hydroxyapatite
assays are based on the ability of Couble-stranded DNA to
bind to hydroxyapatite more tightly than single stranced
LNA, Under certain conditions, such at 0,12 M sodiunm
phosphate buffer (pH 6.8), at 607C, single strands will
pass through a column of hycroxyapatite while double
strands are retained. Double stranied material can then
be removed by increasing the phosphate concentration
(e.g. to 0.4 M sodium phosphate buffer, pH 6.8), or by
converting it to single strands by raising the column
temperature. The minimum cduplex length required for

binding is usually consicered to be about 50 base pairs (9).

Hydroxyapatite slurry was poured into double
jacketed glass columns (15 x 2.5 ems) to a bed volume
of approx 16 ml. The columns were equilibriated with
0.12 M sodium phosphate buffer (pH 6.8) and maintained

at 62°C with a circulating water bath. The sonicated
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samples (550 base pairs) ranging in concentration from
25-300 ng/ml (lower concentrations used for studies at

lover Cot values) in 0.12-M sodium phosphate buffer (pH 6.8)
were sealed in glass tubes and denztursd by boiling in a
water bath at 100°C for 10 min. These were then incubated
to specific Cot values at 62°C znd loaded on hydroxyapatite
columns. Single stranded material was eluted with

0.12 M sodium phosphate buffer (pH 6.8) and double stranded
material with O.% M sodium phosphate buffer (pH 6,8).

The relative amounts of single and double strancded
DNi were determined by absorbance at 260 nm in a Shimaczu
double beam spectrophotometer (Model 210i4) assuming
1 absorbance unit (A260) is equal to 50 jug Diu/ml,

The extent of reassociation was calculated using the formula

pg of DNA eluted with O.4% M sodium phosphate

buffer
%R = x 100
ng of DL eluted + mg of DNA eluted with
with 0.12 M sodium 0.4 M sodium phosphate
phosphate buffer buffer. (10)

In experiments at Cot values higher than 1 x 102 M x sec/1,
DNA4 samples were incubated in 0.36 M sodium phosphate
buffer (PH 6.8) in order to accelerate the rates of
reassociation, Samples incubated in 0.36 M sodium
phosphate buffer (pH 6.8) were diluted to 0.12 M sodium
phosphate buffer (pH 6.8) before 1loading on to the
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hydroxyapatite columns. 4 corresponding correction was
applied to the reassoyciation rate (6). The reassociation
kinetics of E.coli DNi were carried o»ut under identical

conditions and used as standards.

Computer analysis of reassocietiom_kinetics data

The reassociation of a eukaryotic DN4 is generally
plotted on log scale, since it facilitates hancling cata
obtained at several different DNA concentrations, anc
since eukaryotic DNas may reassociate over 5-10 cdecades.
The values of reassociation as a function of Cot obtained
by both optical and hydroxyapatite methods were plotted
together on a semilogarithmic paper. The individual
components of the reaction are usually not well separated
and various computer fitting procedures can be used to
model these curves into two or three (or more) ideal

second order components.

Second order reassociation kinetics can be

described by the equation

C 1

Co "1 + K Cot

where Co initial DNi& concentration in moles of

nucleotides per litre.

Q
i

concentration of free single strands after
t seconCs of reassociation

K rate constant of reassociation.

1

When C/Co = 1/2, K= 1//bot 1/2.



The least squares analysis of the reassociation
data was carried out by employing a stancdard optimization
subroutine STEPIT (Subroutine STEPIT written by J.P.
Chandler and distributed by QCPE, Indiana University,

Bloomington, Indiana, Usi). The error is given by the
equation

C C 1
Error = j{ (——) - S
{ Co expt. Cig )fit

and was minimized by a Cirect search procedure. The

form for C/Co was assumecd to be

C Fi swas @ B
= T + e A
Co 1+ k4 Cot
o o .
where -5 = fraction {enaturcd
T = fractinn of genome that fails to reassociate.
Fi = fraction »f genome reassociating in the
ith component
Ki = rate of rcassociation for the ith component.

The parameters T, Fi and Ki were all allowed to free

float to minimize the error in equation 1.



RESULTS

Figure 3.1 shows the reassociation kinetics of
550 base pairs long fragﬁents of all the four DNias. The
Gata points are obtainec using a combination of optical
reassociation method (upto Cot 5 x 10O M x sec/1) and
hydroxyapatite method (Cot 0.1 M x sec/l »nwards). The
curves cGrawn through the data points are sbtained by a
nonlinear least squares analysis of the Cata, assuming
second order kinetics, and allowing 211 parameters t» free
float (11). The results of such analysis are summarized

in Table 3.1.

From the rate constant data in Table 3.1, the
proportions of total repetitive DNis are estimated to be
51% in sponge gourd, 59% in ridge gourd, 48% in ash gourd and
25% in ivy gourd. 4 cdetailed examination of the data in
Figure 3.1 anc Table 3.1 reveals the presence of thrce
repetitive components in sponge gourd and two components
in the remaining three specics. The first fraction is
classified as very fast reassociating component and
includes folC back sequences and/or satellite sequences
anc classes of very highly repeated DNi (12). Based on
the frequency of repetitition, the remaining two fractions
have been classified as fast reassoclating and slow

reassociating components.
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The proportion of the very fast DNi component
is 2% to 1%» and it includes DNA sequences reassociating
by Cot 1.80 x 1073 to EQQO X 10—2 M x sec/l. Since we
G0 not have the data points less than the above Cot range,
this DN4 fraction coul@ not be resolved further. The
proportion of fold back sequences in plants is approximately
2-7% (13,14). 1t is, therefore, likely that the
substantial proportion of this fraction may consist of
satellite DNi. sequences. 4in interesting situation is
observed in ivy gourd, where the very fast fraction c uld
not be fitted with second order reassociation kinctics, in
spite of the large number of data points. This fraction,
comprising more than half of the totel repetitive DNa (25%)
of ivy gourd may, therefore, be composed of sequences

reassoclating with first order kinetics.

The fast component, present only in sponge gourd,
accounts for 16% of the total LNA. It consists of a
relatively short stretches of VNiwith a high reiteration
frequency of 5.29 x lOf. The presence of satellite DNA
has been reported in this spccies (15). The proportiosn
of very fast reassocliating DNi in sponge gourd is only 2%,
It is, therefore, likely that the fast LNa component nay

actually inclucde satellite sequences in this species.

The slow component is observed in all the four

sPecies and comprises 11-51% of the genome. It consists of

97



DNA4 sequences with a rather low copy number in the range

of 9.08 x 10% to 3.19 x 10°.

The single copy DNi sequences represent 27 to 59%
of the genomes with rate constants of 5.9 x 1073 to
1.20 x 1072 ané kinetic complexity of 8.37 x 107 to 1.69 x 10°
base pairs.

About 15-17% of the genome fails to reassociate even

at Cot 1 x 10l+

M x sec/l. This may be due to denaturation
rcsulting fram long incubations (12), or due to presence of

sequences which require still longer times to reassociate (16
DISCUSS ION

The basic information about the overall genomic
heterogeneity anc complexity is a prerequisite for further
studies such as DNi& seguence organizaticn and interspecies

DNA4 sequence homologiles.

Since the accuracy of DNi& reassociation kinetics
stucdies depends upon e number of parameters, care was taken

to maintain the optimum conditions for reassociation.

Reassociation kinetics of E.coli DNA were monitored
uncder identical conditions and the rate of reassociation
of E.coli DNA was found to be comparable to the reported
values (17,18). Using a computer fitting procedure,
reassociation curves have been resolved into two or three

ideal curves, However, it is possible that each of these
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components may be a mixture of several ¢ifferent repetitions
families differing in copy number. The values of reiteration

frequencies in Table 3.1 arc, thercfore, average estimates.

It is generally observed that hyiroxyapatite
fractionation often gives Dvefﬁbstimatcs of the repeated
DNi4 sequences. This is essentially because optically
monitored reassociation as against that by hyuroxyapatite
measures the actual fraction of reassiciated duplexes.
However, we have observed that the extent of »ver-
estimation is very limited in the lower Cot values and
hence optical and hydroxyapatite method reassociatiom
results have been analysecd together.

The proportion of repetitive DNi component in higher

plants varies from 35% to 90%, with the lowest reported

value of 35% in Vigna racizta (13). In the present work,

ivy gourd contains 25% repetitive DNn ane hence is the
first higher plant specles reported so far with such a low

level of repetitive DNi,

The repetitive DNA component of higher plant species
shows a very heterogeneous spectrum of repetition frequencies
(a few to several hundred thousané copies) and kinetic

cmmhxﬁy(m2t01&

base pairs) (19, 20). Based on the
frequency of reiteration, the repetitive DNi is generally

classified into fast and slow components. In the present
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studies, the fast component is present only in sponge
gourd while the slow component is the major repetitive
component in the remaining three species. Long repetitive
DNA seguences éenerally constitute 2 major fraction in
plant chromosomes. The functional significance of these
DNA4 sequences is not yet known. It is, nowever, likely
that they play an important role in cdetermining the modes

of DNA sequence organization in plants.

The Cucurbitaceae species unler present investigation
show about two-fold variation in the content of repetitive
and single copy DNA sequences. Large differences are also
noticed in the percentage, copy number and kinetic
complexity of cdifferent repetitive fractions. Though sponge
gourd and ridge gourd belong to the same genus nggg; the
fast component with a reiteration frequency of 5.29 x lO)+
is present only in sponge gourd. Moreover, the kinetic
complexity of single copy DNA4 in ridge gourd is twice as
much as that of sponge gourd. It is, therefore, possible
that these molecular variations moy contribute to species

isolation in Cucurbitaceac which otherwise is cxtremely

conservative in its morphological and cytological features.
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CHAPTER IV

SEQUENCE DIVERGENCE AND NATURE

OF REPEATED DNA SEQUENCES




SEQUENCE DIVERGENCE AND NATURE OF REPEATED
DNA SwQUENCES

SUMMARY

Thermal denaturation studies of repetitive
sequences isolated at different Cot values have shown
the presence of a moderate sequence divergence of 2-8h.
Reassociation kinetics of isolated total repetitive UliAs
show absence of any discrete classes of fast repeats and
presence of a large moderately repetitive component.
Reassociation kinetics of total DNAs were studied at
different temperatures ranging from Tm -30°C to Tm -5°C
for allowing the fractionation of repeats according to
their relatedness. With an increase in reassociation
temperature, the proportion of the repetitive fraction
decreases in all the four spPecies. However, an increase
is observed in their reassociation rates. Shorter but
more perfect duplexes, with high copy number, reassociate
at the increased stringency of reassociation. This suggests
that the repeat families arc essentially homogeneous in
nature, in spite of the vast differences observed in
their properties like proportions, kinetic complexities
and reiteration frequencies (Chapter III). The high
resolution thermal denaturation profiles of total

repetitive DNAs isolated at different temperatures also
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support this idea. From the comparison of proportions
of 'fossil repeats' and 'true single copy' sequences,
it appears that the genomc of sponge gourd is 'turning
over' at a much faster rate than that of ridge gourd,

ash gourd and ivy gourd.

INTRODUCTION

DNA reassociation kinetics yields valuablec
information regarding the structure and organization of
eukaryotic genomes. Most of the reassociations arec
performed at a temperature about 25°C below the melting
temperature of native DNA, & criterion at which optimal
reassociation rates are generally obtained. However, the
repetitive DNA populations often show extrecme kinetic
heterogeneity (1,2) and ¢ifferent degrecs of sequence
divergence, and thus comprise a frequency/divergence
continuum rather then belonging to discrete classes. It
is possible to fractionate the repetitive sequences
according to their relatedness by studying reassociation
kinetics at different temperatures. When the reassociation
temperature is reduced below that of a standard criterion
(such as Tm -25°%C) to a more permissive criterion, more
mismatched duplexes arc allowed to form to give an
apparently higher proportion of repeated sequences. In

contrast, at higher reassociation temperatures, only the



very well-matched, perhaus conse¢rved, secgucnces
reassoclate. Thus the terms repetitive and single copy
sequences are largely operational definitions (3).
Repetitive and single COpy sequences are those that are
present in many and one copy, respectively, at standard
criterion. The term 'fossil repeats' is used for those
seduences which reassociate with single copy kinctics at
standard criterion but with repetitive kinetics at lower
temperatures. 'True single copy!' sequences are those

which follow single copy kinctics at both standard ang
bermissive criteria (3). By fractionating the genome
arbitrarily into these classes, it is possible to draw
conclusions about the rate of 'turnover' i.e. the processcs
of sequence amplification and deletion during the evolution

of the genomes (4).

The nature of fsamiliecs of repetitive DNA can also
be determined by studying »cessociation kinetics at
different stringency criteria. A family is defined as a
group of sequences of sufficient similarity which
rcassociate with one another at a given criterion of
stringency of temperature and salt conditions. The
different families of a repctitive fraction and different
members of a repetitive family may be related to one
another by different degrees. Generally two types of

families are recognized: a homogeneous family containing



members of sequences which are all related to the same

extent and a heterogeneous family containing member

sequences of varying similarity ranging from nearly
perfect replicas to sequences barely similar enough to
reassociate at standard stringency criterion of

reassociation (5,6).

In chapter III, we have shown that the repetitive
fractions in sponge gourd, ridge gourd, ash gourd and
ivy gourd vary greatly in proportions, kinetic complexity
and copy number. Though these differecnces involve repeated
DNA sequences which probably have no sequence - dependent
function, we feel that these sequences may have an
important role in species isolation observed in
Cucurbitaceae (7-9). To strengthen this view, it was
necessary to study the composition of rejpetitive sequences
and the nature of repetitive familiecs in these species by
studying reassociation kinctics at different criteria of

stringency,

MATERIALS AND METHODS

Preparation of DNAs: Extraction of DNAs from seedlings

of sponge gourd, ridge gourd and ash gourd and fruits of
ivy gourd, shearing of DNAs to an average size of 550 base
pairs, and sizing of DNAs were carried out as Gescribed in

chapters II and III,

106
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Isolation of repetitive DN fractions: The sonicated

DNAis (average size 550 base pairs) in 0.12 ¥ sodium
phosphate buffer (pH 6.8) were first denatured at 100°C
for 10 min. and then incubatcd at 62°C to different Cot
values ranging from Cot 1 M x sec/1 to the repetitive

Cot (Cot 50.0 M x sec/l for sponge gourd and ridge gourd,
Cot 25.0 M x sec/1 for esh gourd and Cot 10,0 M x sec/1
for ivy gourd) (Chapter III). The sonicated DNAs were also
incubated at 55°C, 69°C and 76°C to the respective limit
Cot values of repetitive DNas. The reassociated fractions
were separated from the unreassociated single strangs by
hydroxyapatite chromatography (10). The reassociated
duplexes were extensively dialysed against 0,12 M sodium

phosphate buffer (pPH 6.8) prior t» their characterization,

Thermal denaturation: Thermal denaturation studies of
total sheared DN4 preparations ané the repetitive DNi
fractions isolated at different Cot values were performed
in a Gilford 250 spectrophotometer, DNis in 0.12 M sodium
phosphate buffer (pH 6.8) were denatured a2t a heat rate

of 1°C per min. Calculations of Tm, G+C content,
hyperchromicity and base mismatch were done according to
the standard procedures (10-13) described in chapter 1I.
Total repetitive DNAs isolated at different temperatures

were denatured at a heat rate of 0.25°C per min. and
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absorbance values were rccorded at 0,17 increments.

The first derivative curves were obtained as described
earlier (Chapter II). .The ¢ifference profiles were
obtained by subtracting the high criterion (76°C)
derivative values from the 1ow criterion (55°C) profiles

in each case (14).

Optical reassociation: Recassociation of total repetitive

DNA fractions isolated at 62°C was monitorec optically

in the Gilford 250 spectrophotometer. Optical reassociation
of sonicated (550 base pairs) DNis was also monitored at
55°C, 62°C, 69°C and 76°C upto the respective limit Cot
values of repetitive DNias. 4 curve-fitting procedure was
used to fit the data points to the second order kinetics

in order to calculate the proportion, kinetic complexity

and frequency of reiteration of diffcrent repetitive classes.

RESULTS

Thermal sfahill&x_gi;;gpgaﬁﬁ§9999§99§* The melting
properties of different repetitive DNL fractions isolated
from éonicated Di4s (approx. 550 base pairs) were
determined (Figure 4.1, Table 4%,1). The melting curves

of all the Cot fractions except Cot 1.0 DN4 in ivy gourd
are smooth. The Cot 1.0 DNi of ivy gourd shows a biphasic
melting profile, with a major fraction (86%) of low thermal

stability (Tm = 77.9°C) and a minor fraction (14%) of
high thermal stability (Tm = 91.9°C).
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To assess the extent of base mismatching, the Tnm
values of different Cot fractions were compared to the
corresponding native, sheared DNi4 preparations in each
species. From the lowering in Tm of the reassociated DNhsg,
the % base mismatch was estimated to be 5.6 to 7.3% in
sponge gourd, 4.4 to 5.2% in ridge gourd, 6.5 to 8.7% in
ash gourd anc 2.% to 4. 4% in ivy gourd. This buSe mismateh
is moderate as compared to the extensive base mismatech of

repeated sequences observed in some other plant species CLd; 35 ),

Mini Cot curves: In order to determine whether any minor

repetitive classes exist which are obscured in the
reassociation curves of the total DNiis, the repetitive
DN4s were isolated and their rcassociation kinetics were
studied optically (Figure 4.2, Table 4.2). The isolated
total repetitive fractions »of sponge gourd, ridge gourd,
ash gourd and ivy gourd consist »f = large (about 75%)
slow reassociating component, with a reiteratiom frequency
of a few hundre@. Sponge gourd in addition shows a fast
component (about 20%) with a reiteration frequency of
30000 as observed in the reassociation of total sheared
DNA (Chapter III). Thus no subclasses of repetitive DNAs
exist other than those observed in the reassociation
kinetics of total DNis (Chapter III). The presence of a
large fraction of an early component and absence of
extremely fast reassoclating components makes these species

suitable for further investigations (5).
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Optical reassociatlon at different temperatures:

Reasssociation of DNA at Tm -25°C vermits its sequences
to reassociate if their average complementarity is at
least 75% (00, When the temperaturc of reassociation is
reduced from Tm -25°C to a more permissive criterion
(temperature of incubation lower than Tm -25°C), more
mismatched or éiverged sequences (f£ossil repeats) are
allowed to form duplexes, and thus the fraction of the
DNA scored as repetitive increases. In contrast,
increasing reassociation temperature increases sequence
specificity required for reassociation and only very wsll-
matched, recent or conserved (perhaps functional) sequences
reassociate (3,4). Use of different stringency criteria
for reassociation is, therefore, a useful method for
fractionating populations of repeated scquences by their
extent of relatedness. In the present work, the DNas
were reassociated at 55°C, 69°C and 76°C, in addition to
627°C (standard criterion). These tcmperatures are about
30°C t5 5°C below the respective melting temperatures

of the native DNAs of the four species (Chapter II),

The results of these studies are cGepicted in Figure 4.3
and summarized in Table 4.3. The Cot 1/2 of single copy
DNA in all the reassoclations was considered to be the
same as that at 62°C (Chapter III). The reassociatiom
rate has been corrected for the effect »f temperature ani

the decreased extent of reassociation (16).
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In 211 the four species, the fraction recorded as
‘repetitive' reduces as the conditions for reassociation
are made moreAstringent. H)wevei, species - specific
differences are nnticed in the extent of reduction of
repetitive fraction. In sponge gourd, three repetitive
components, very fast, fast and slow, arec evident at all
the. four reassociation conditions. The change in proportion
of very fast component is negligible at different conditions.
The fast component increases almoist two-folC at 55°C as
compared to that at 620C an¢ bceomes almost half in
proportion at 76°C. The slow component, however, does not
change considerably. The extent of reassociation of the
slow component is 297 at 55°C and 337 at 62°C, suggesting
the removal of certain sequences from the slow class to the
fast class at 55°C., In ridge gourd, however, the proportion
of very fast reassociating component decreascs gradually
from 55°C to 76°C. Though there is a marginal cecrease in
the slow component when the temperature is raisec from 55 ¢
to 62°C, it is very rapid at higher temperatures (> 62°C).
In ash gourd, there is a slight increase in the proportion
of both very fast and slow reassociating fractions at the
relaxed criteria. However, only 12% and 8% of the genome
can form stable duplexes at 69°C and 76°C respectively.
This may be because the slow repetitive sequences in ash
gourd are greatly diverged and hence cannot be recognized

as repetitive at higher stringency conditions. In ivy gowrd,
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the total repetitive DNA is 35% at 55°C and 11% at 76°C.
Both very fast component and slow component lose some

members at elevated temperatures.

Apart from changes in the proportions of the
various repetitive fractions as a function of incubation
temperature, differences are also obscrved with respect
to kinetic complexity, copy number and rates of
reassociation (Table 4.3). The kinetic complexity, for
example, cCecreases with an increasc in incubation
temperature in all the cases. The decrease ranges from
about 4.4 fold in the slow component of sponge gourd to
about 46 fold in that of ivy gourd. The copy number, on
the other hand, increases from 3.5 fol¢ in slow component
of sponge gourd to about 16 fold in ivy gourd. In all the
cases the reassociation rates increase with increase in

incubation temperature.

Thermal denaturation of repeats isolated at c¢ifferent
temperatures: The derivative melting profiles of

repetitive fractions isolated at different temperatures
were compared to determine the nature of repetitive
families (14). This assay is essentially incependent of
copy number of different repeat families. Table 4.4
summarizes thermal stabilities of the repeat fractions
isolated at different temperatures, The repeats isolated

at higher temperatures show progressively lesser mismatch.
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Table 4.® Melting properties of total repetitive DNAs
" 1isolated 2t different incubation temperaturcs

Incubation Tm Hyperchromicity Base @
Species temperature mismatch
(%) (%) (%) (%)
Sponge gourd 55 74.18 14.56 9.26
62 7787 12.95 SO
69 81.60 10.36 1.85
76 82.50 11.90 0.9k4
Ridge gourd 55 76 .60 12.60 5.87
62 77.67 12.47 4.80
69 80,30 11.40 2.1
76 81.45 10,92 1.02
Ash gourd 55 72.20 14,00 10.46
62 74,40 L L4y 8.26
69 - - -
76 - - -
Ivy gourd 55 79.13 13.82 2.42
62 79.15 1%.17 2.40
69 81.10 11.92 0.45
76 84.60 11.24% -

a * Calculated by comparing the Tm of repctitive
fractions to that of sonicated DNAs, given in Table 4,1



123

Figure 4.4 shows the derivative melting profiles
of total repetitive DNAs of sponge gourd and ivy gourd
isolated at different temperaturcs. &sfter subtracting
the derivative values obtained for the fraction isolated
at 76°C from those of the fraction isolated at 55 °C,
positive cdifference is obtained at lower temperatures
(55°C to 76°C) and no difference is observed at higher
temperatures (> 76°C). In ridge gourd, very similar
results to those of sponge gourd are obtained.

An interesting observation in the derivative
profiles of repetitive DNA of ivy gourd is the presence
of a high melting component which is especially prominent
in the 76°C profile and constitutes about 20% »f this
fraction. The Tm of repetitive DNi »f ivy gourd isolated

at 76OC is thus higher than that »f native sheared DNa,

DISCUSS ION

In contrast to the vast amount >f information
available about plant genomes (17,18), analysis »f DNi
reassociation kinetics at cifferent temperatures has been
studied only in a few species such as pea and
mungbean (3,4,19,20), barley, daffodil, parsley fern and
deer fern (6) and Arachis (21). Of these, barley,
daffodil, parsley fern, deer fern an¢ mungbean are found
to be composed of homogeneous repetitive familics, while

those of pea are predominantly heterogeneous. In the
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present studies, Bendich's cdcfinitions >f homogeneous

and heterogenesus repeat familiecs have been grossly
accepted (5,6). However, there are two different views
regarcing the composition »f evolutionarily young and

old repeat families. hccording to Bendich and anderson (6),
all repeat families, young or old, should have the seme
copy number, while according to Preisler anc¢ Thompson (19),
the oller families would have a lower number of members
than the younger families Cue to sequence divergence and
dispersion. In the present work, we observe that the
stable families reassociating at higher temperatures heove
a higher copy number and reassociate faster than those
reassociating at lower temperatures. These observations
are essentially similar to those o»f Precisler ancd

Thompson (19) on the homngeneous repeat familiecs of
mungbean. At lower incubation temperaturcs longer,
imperfect repetitive stretches reassociate, while at
higher temperatures, shorter but more perfect duplexes

are formed. Hence it appears that the repetitive DNis
essentially consist of homogeneous families in the

present four Cucurbitaceae species.

hnother assay developed by Preisler and Thompson (14)
for studying the derivative profiles of thermal
denaturation of repetitive DNAs isolated at different

temperatures has also been employed here., The difference
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curves obtained for sponge gourd, ridge gourd and

ivy gourd repetitive fractions isolated at 55 °C and

76°C are essentially 1ikc those expectel¢ for homogencous
femilies. While there is a positive c¢ifference in the
derivative curves at lower temperatures, it reaches zero
at higher temperatures. This suggests that some families
are remdoved in trto from the rcassociating pool at
higher temperatures. Thus this assay als> confirms the
homogeneous nature »f repetitive families »>f the

Cucurbitaceae genomes uncer investigation.

hpplying Murray et g;,% definitions of 'fosgsil
repeats' and 'true single copy' sequences (3), we find
that in ridge gourd, ash gourd anc ivy gourd there are
very few 'fossil' repeats and most »f the single copy
DNA is 'true' (Table 4,5). On the other hand, in sponge
gourd, a large proportion of single copy UN4 behaves as
'fossil' repeats at lower temperatures. 1n absolute
amounts, calculate¢ from genomic complexity (Chapter III),
ridge gourd, ash gourd and ivy gourd contain more true
single copy DNA than sponge gourd. A smaller fraction
of fossil repeats and a larger fraction »f true single
copy DNi indicates a relatively low rate of sequence
amplification in the genomes of these three species.
On the other hand, a larger proportion of fossil repcats,
anCG a smaller proportion of true single copy sequenccs
indicates a comparatively higher rate »>f turnover in the

genome of sponge gourd,
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ORGANIZATION OF REPEATKD AND SINGLL COPY Lk SEQUENCLS

SUMMARY

DNA sequence organization patterns have been
studied in four Cucurbitaceae plant species, namely,
sponge gourd, ridge gourd, ash gourd and ivy gourd.
Extensive interspersion of repeat and single copy sequences
has been observed in sponge gourd and ridge gourd. In ash
gourd and ivy gourd, however, there is a limited
interspersion of these sequences, and a large portion of
the single copy DNA remains uninterspersed. In all the
four species, the interspersed repetitive sequences are
composed of a major class (75-80%) of short repeats
(300 base pairs long) and a minor class (15-20%) of long
repeats (2000-4000 base pairs long). The average length
of single copy sequences dispersed among repeats is
2000-3000 base pairs. In spite of the gross similarities
in the genome organization in the four species, the
fraction of repeats and single copy sequences involved
in short and long period interspersion patterns, and
fraction of single copy sequences remaining uninterrupted
by repeats are vastly different. Sponge gourd and ridgc
gourd show more extensive interspersion than ash gourd
and ivy gourd, suggesting faster evolution of these two

genomes. Between sponge gourd and ridge gourd, which
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belong to the same genus Luffa, the genome of sponge
gourd shows predominance of short period pattern and
hence its genome could be evolving faster than that of
ridge gourd. These variations at the genome organization
level could be a reason for the fertility barriers which

are so well established in Cucurbitaccae species.

INTRODUCTION

In contrast to satellite DNA, most repetitive
sequences are interspersed to varying degrees with single
copy sequence clements. The plant species investigated
so far show a variety of interspersion patterns ranging
from short period pattern through mixed patterns to
extremcly long period interspcrsion patterns (Chapter I).
While considering the significance attributable to
interspersion patterns of repetitive and single copy DNA,
it will be useful to compare the datz from a2 wide variety
of organisms, in order to obtain a better indication of
the 1limits within which different patterns may vary.
These studies will also lead to a better understanding
of the amplification and translocation events responsible

for the origin and evolution of repetitive DNA.

After obtaining detailed information about the
heterogeneity in base composition (Chapter II),

reassociation kinetiecs (Chapter 1II) and rates of evolution
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of repeated DNA sequences (Chapter 1V), the next logical
question would be the mode of arrangement of repeated
and single copy DNA sequences in the four Cucurbitaceae
genomes. Hence sequence organization studies were taken
up to obtain some information regarding the phylogenetic

relationship and the rates of evolution of these genomes .

MATERIALS AND METHODS

Extraction of DNA: DNAs of sponge gourd, ridge gourd,

ash gourd and ivy gourd were extracted as described in

chapter II.

Shearing of DNAs: DNAs in 0.12 M sodium phosphate buffer
(pH 6.8) were sheared to an average fragment size of

550 base pairs as described in chapter I1I, Sonication
with 1/4th inch (yellow) probe for one minute at 40 setting
using the Biosonic III yielded DNA fragments of 1500 base
pairs. Longer DNA fragments (2850 to 7400 basc pairs) were
obtained by homogenizing high molecular weight DNAs of a
constant concentration (usually 1 mg in 3 ml »f 0.12 M
sodium phosphate buffer, pH 6.8) in a VirTis 60K
homogenizer, by varying the conditions of speced and time

as follows:



Table 5.1 Sonication in VirTis 60K homogenizer
to obtain-different fragment sizes.

Speed Time Size obtained
(RPM) (min.) (Base pairs)
57,000 45 2850
50,000 15 4200
48,000 7 4600
30,000 30 5200
40,000 2 6800
32,000 Y 7400

Homogenizing the DNA solution in Sorvall Omnimixer

(Model No0.17106) for 6 min. at 25,000 rpm, or homogenizing
DNA of lower concentration (500 pg in 3 ml) at 57,000 rpm
for 45 min. gave a size of 2000 bnse¢ pairs (Figure 5.1).

Sizing of DNAs: Fragment lengths of sll the DNA
preparations, and of repetitive DNA fractions obtained
from Agarose A50 column (described later) were determined
by agarose slab gel electrophoresis as described in

chapter II,

Reassociation of longer DN4 fragments: Reassociation
curves of 7400 base pairs long DNA fragments were studied
in the entire Cot range of 1 x 1072 to 1 x 10“. DNAs

were reassoclated either in 0.12 M or 0.36 M sodium



Fig. 5.1 ¢ Determination of fragment sizes of DNA obtained

by sonicating or homogenizing native unsheared DNi& (> 10 kilo

base
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¢ 2850 base pairs DN e ¢ ¢ L4200 base pairs LNa
4600 base pairs DNA Lane e ¢ 5200 base pairs DNi
6800 base pairs DNi  Lane g ¢ 7400 base pairs DNk
: N\ DNh digested with Hind III (23300, 9500, €+00,
4200, 2200 and 1800 base pairs).

¢ 1500 base pairs DN4 Lane 1 ¢ 550 base pairs DN4
(Chapter 11I).

¢ % 174 RF DA digested with Hae IIT (1342, 1078,

872, 606 and 310 base pairs).
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phosphate buffer (pH 6.8). The corresponding correction

was applied to the rate of reassociation for the higher
molarity buffer (1). Double stranded DNA structures were
separated from single stranded DNA molecules by

hydroxyapatite chromatography. The data points were fitted by
computer to calculate the size of different classes of DNA

and their rates of reassociation by allowing all parameters

to free-float as described in chapter III,

Thermal stability of repetitive duplexes: DNhs of
different fragment lengths ranging from 550 to 7400 base
palrs were reassociated to respective limit repetitive Cot
values (Cot 50.0 for sponge gourd and ridge gourd, Cot 25.0
for ash gourd and Cot 10.0 for ivy gourd, Chapter I1I).

The reassociated duplexes were separated by hydroxyapatite
chromatography, dialysed against 0.12 M sodium phosphate
buffer (pH 6.8) and heat denatured at a rate of 1°C/min.

in the Gilford 250 spectrophotometer. The 51 nuclease
resistant repetitive duplexes and the various size classes
of repetitive duplexes separated by hgarose L50 gel
filtration (following section) were also melted in the
Gilford spectrophotometer, as described in chapter II.

The melting temperature (Tm), % hyperchromicity, % mismatch,
duplex content and average duplgx length were calculated
according to the standard procedures (1-4%). Single strand

collapse was determined according to the procedure of

b



Davidson ¢t al (5). Unreassociated, unique DNi which
included DNA sequenczs reassociating after the respective
limit repetitive Cot values was isolated by hydroxyapatite
chromatography. It was melted in 0.12M sodium phosphate
buffer (pH 6.8) and the hyperchromicitics were found to

be in the range of 1.5 to 3%.

Isolation of S1 nuclease resistant duplexes: In order to

determine the length of repeated sequences anc their
distribution in the total population »f rcpeats, the
unfragmented total DNAs (molecular weight > 10 kilo basc
pairs) were reassociated under conditions at which only
repetitive sequences could reassociate (i.e. to the
respective 1limit repetitive Cot values). Native DNa
samples, dialysed against 0.18 M NaCl - 0.006 M PIPES
buffer [piperazine-N-N'-bis-(2-c¢thane sulfonic acid)],
pH 7.0, were denatured in boiling water bath and allowed
to reassociate at 62°C to specific limit repetitive Cot
values. Reassociations were also carried out till Cot 0,1
to study the size distribution of highly repetitive
fractions. After reassociation, samples were adjusted to
25 mM sodium acetate (pH 4.5) 0.1 mM ZnSO_, 25 mM

B -mercaptoethanol (6,7). At least 1.5 to 2.0 mg DNA

was used for each experiment. 10 units of 51 nuclease
(Boehringer) per mg of DNA were added and the samples

were incubated at 37°C for 10 min. The reaction was
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terminated by adjusting the samples to 0.12 M sodium
phosphate buffer (pH 6.8) and cooling to 4°C. The 81
nuclease resistant dupléxés were separated from the
hydrolysed DNA by hydroxyapstite chromatography by elution
with O.4 M sodium phosphate buffer (pH 6.8). The samples
were dialysed against 0,12M sodium phosphatc buffer

(pH 6.8) to determine their melting properties and size

distribution.

Sizing of repetitive duplexes: The size distribution of
S1 nuclease resistant duplexes was determined by gel
filtration on Agarose 450 column (100-200 mesh, BioRad
Laboratories), previously calibrated with calf thymus
DNL of known duplex length.

The agarose gel matrix (fully hydrated in 0.001 M
Tris-EDTA buffer, BioRad Laboratories) was poured around
glass beads of 4 mm diameter in a 92x1.5 cm column.

The column was equilibriated with 0.12M sodium phosphate
buffer (pH 6.8). Approximately 70-100 jug of S1 nuclease
resistant duplexes, separated by hycroxyapatite
chromatography, were loaded on the column and eluted

with 0.12M sodium phosphate buffer (pPH 6.8). The effluent
was continuously monitored using LKB Uvicord at 253 nm (8,9).
The exclusion limit of this column was 1500 base pairs.

The calumﬂ was reused 2 number of times by washing |
extensively with 0,12M sodium phosvhate buffer

after each chromatographic operation.



Determinati,n of length of interspersed _single copy DNA:

The fraction bound to hydroxyapatite at the 1limit
repetitive Cot with DNAs of different fragment lengths
(described earlier) was plotted as a function of fragment

size,

RESULTS

Presence of interspersion o>f repetitive and_single

copy DNia segquencest Presence or absence of interspersi.n

of repetitive and single copy sequences can be determined

by comparing the hydroxyapatite binding data of long and
short DNA fragments over a range of Cot valucs. Ahn
increased binding of DNias »f higher fragment length coulcd,
however, be either duc to the effect o>f fragment length
alone or due to interspersion effects. In the absence of
interspersion, the rate »>f reassociation will vary according
to the fragment size of DNiL (10). The results will be
different if repeated sequences are interspersed with cach

other or with single copy sequeénces.

Figure 5.2 shows thé reassociation kinetics of
7400 base pairs long DNi fragments. The computer program
was allowed to find the best fit by allowing 21l parameters
to free float. The results of this analysis are given
in Teble 5.2, As is evident in Figure 5.2, there is a

tremendous increase in hydroxyapatite binding in case of
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Table 5.2 Reassociation kinetics of long DNA

DNA component Fractiona Cot 1/2 - K observedb K Dredicted'C
of the observed
genome
Sponge gourd
Very fast 0.436 - -
Fast + slow 0.uW45 362 0.276 1.43
Single copy 0.02k% 131.58 0.0076 0.0158
Final fraction 0.097 - - -
unreassociated
Ridge gourd
Very fast 0. 4l - - -
Slow 0.45k4 0,047 21.41 2,15
Single copy 0.136 76.92 0.013 0.0068
Final fraction 0.046 - - -
unreassociated
Ash_gourd
Very fast 0.166 - - -
Slow 0.359 0.064 15.32 1.982
Single copy 0452 84,75 0.012 0,014
Final fraction 0.070 - : - -

unreassociated
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Table 5.2 (contd,)

Ivy gourd

Very fast + slow 0.490 - - -
Single copy 0.463 25.45 0.039 0.050
Final fraction 0.049 - - -
unreassociated

a ¢ Values obtained from the respective reassociation
curves (Fig. 5.2)

b : K = (Cot 1/2)

[
¢ : Calculated using the formula K,/X, =(L1/L2)42

where K4 and K2 are the rate constants for the
reassociation of short (L1) and long (L2) fragments
respectively (10).



145

sponge gourd and ridge gourd, even at the carliest Cot
value of 0,01 M x sec/l. This indicates extensive
interspersion of both highly repeated and/or fold back
(fast-reassociating) sequences with midcle repetitive

(slow - reassociating) scquences. In sponge gourd, two
distinct components, fast and slow, were ¢istinguishable

at a lower DNA size of 550 base pairs (Chapter 1II),
However, at the higher DNia size, theése two fractions arc
mixed to such an extent that their indivicual reassociation
rates are obscured and they reassociate as a2 single

second order component. The single copy component alsoc
reduces considerably, suggesting that single copy

sequences are also interspersed with repetitive sequences.
Between the two species, interspersion of repeated scquences
within themselves appears to be more extensive in ridge
gourd, where most of the reassociation of repetitive
scquences is complete by Cot 5.0, o lower limit Cot as

compared to Cot 50,0 at a2 size of 550 base pairs.

The presence of interspersion is further supported
by comparing the rates of reassociation observed for
repetitive and single copy sequences with those expectecd
for the higher fragment size according to the formula

1/2
Kl/K2 = (Ll/Lz) where Ly and Ly are the two

fragment sizes under study and K1 and Ké arc their rate

constants (10). The rates observed are much different



from those expected, suggesting thereby the presence of

sequence interspersion in these two species.,

In ash gourd, the iﬁcrease in binding to
hydroxyapatite at the increaseC fragment size is
comparatively very little. The repetitive fraction
increases from 48% to 58% only. Evidcnce for the
interspersion of very fast and slow sequences is provided
by comparison of the observed and expected rate constants,
wherein the observed rate is much faster than expected.
The increase in reassociation is als> more pronounced at
low Cot values. However, the rate of reassociation of
single copy DNA is not alterec significantly. Thus a
unique situation is encountered in ash gourd, wherein very
little single copy fraction is interrupted by repeated

DNA sequences.

In case »f ivy gourd, the single copy fraction
decreases from 75% to #0% at the higher DN4 fragment
size. Thus about a third of the single copy sequences
are interrupted by repeats. The reassociation of
repetitive component is .complete by Cot 0,01, confirming
the interspersion of very fast, slow as well as a part

of the single copy sequences.

Hyperchromicity of repetitive duplexes of varying lengths:

Another means of assessing the occurrence of DNA sequence

interspersion is to study the optical melting behaviour



of reassociated duplexes isoslated from DNAs of varying
fragment lengths., If single-stranded tails are present
on DNA which has been renatured¢ to a repetitive Cot, the
hyperchromicity »f the duplex will be lower than that of
native DNA and will be proportional t-> the fraction of
DNA existing as duplex. This decrease in hyperchromicity
can be used to calculate the cuplex content in renaturecd
fragments (11). Figure 5.3 shows the melting nrofiles

of the DNAs of cdifferent fragment lengths reassociated to
their respective repetitive Cot values, ané the results
are summarized in Table 5.3. Though in all the cascs
duplexes of higher thermal stability are formed,
hyperchromicity of the duplexes decreases with increasing
fragment size. Even the fraction bound t» hydroxyapatite
at the lowest size studied (550 base¢ pairs) is not fully
a duplex, meaning that most of thc repetitive sequences
are even shorter than 550 base pairs. The average duplex
length reaches 2000-3500 base pairs at the maximum size
studied, indicating that the unit of interspersion of an
average single copy element with an average repetitive

element is of that size.

Characterization of S1 nucleasc resistant repetitive
duplexes* An increase in hydroxyapatitc binding and a
decrease in hyperchromicity with an increase in DNa

fragment size indicate the presence of extensive single



Fig. 5.3 ¢ Thermal denaturation profiles of rcpetitive
duplexes isolated at different fragment lengths of DNA

and of S1 nuclease resistant duplexes, compared with native
sheared DNAs. The fractions in 0,12 M sodium phosphate

buffer (pH 6.8) were melted in a Gilford 250 spectrophotometer
at a heat rate of 1OC/min. The graphs of relative absorbance
lh260 (T1)/ Tago (98°C)] vs, temperature were plotted,

where h260 (T1) is the absorbance at the given temperaturc.

(Y -9¥) Native 550 base pairs DNa

( x - x) 81 nuclease resistant repetitive duplexes.

(0 - 0) repetitive fraction isolated from 550 base pairs LN
(4= 8) repetitive fraction isolated from 2850 base pairs DNA

(4 - 4) repetitive fraction isolated from 5200 base pairs Dia

(9 -9) repetitive fraction isolated from 7400 base pairs DNk

The thermal denaturation profiles of only a few fragment

sizes have been included for the sake of simplicity.
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Table 5,3 Thermal denaturation propsrtics of repetitive
duplexes isolated from DNAs of different
fragment lengths.

a [
Fraction
Species bound to Hyp?r92~ Tm
nydroxy- romicity g
apatite
Sponge gourd
Native 550 base - 0.228 83 .1k
pairs DNA
550 0.510 0.142 77.86
1500 0.71% 0,122 80.20
2000 0.856 0.121 80.25
2850 0.808 0.118 80.30
L4600 0.838 0.115 82,28
5200 0.841 0.106 82,20
7400 0,86k 0.102 32.70
Ridge gourd
Native 550 base - 0,231 82.47
pairs DNA
550 0.590 0.181 77.67
1500 0.700 0.139 82,97
2000 0.749 0.130 83.26
2850 0.810 0.134% 83.86
4200 0.825 0.13% 84,20
4600 0.865 0.133 84,10
5200 0.865 0.133 84,30
7400 0.870 0.122 gk 145

d e

Duplex Average
content duplex

length

0.569 3%2.95
0.469  703.5C
0.46% 928,00
0.149 1279.63
0.43% 1996.40
0.389 2022.80
0.369 2730.60

0.770 %23.50
0.575 862.50

0.53% 1068.00
0.552 1573.20

0.552 2318.40
0.548 2520.80
0.548 2849.60
0.497 3379.60



Ash gourd

Native 550
pairs DNA

550
1500
2850
1+200
5200
7400

Ivy gourd

Native 550
pairs DNA

550
1500
2000
2850
4200
4600
5200
7400

base

base

Table 5.3 (contd,)

= 0.224%

0.480 0.145
0.495 0.104
0.58% 0.091
0.590 0.105
0.605 0.089
0.610 0.076

- 0.226
0.250 0.142
0.430 0.123
0.530 0.142
0.530 0.107
0.605 0.085
0.610 0,078
0.615 0.078

0.630 0.075

82,66

74 .40
7%.70
77.75
78.00
78.00
79.60

81.55

78.63
80.%0
78.83
81.10
81.08
81.33
81,00
81.75

0.627
0.43%
0.372
0.438
0.363
0.302

2236

328.

759

1149,
1225,
1365.
1343,
1518.
2049,

.85
.00

1060.
1839.
1887.
.39

20
20
60

35

.00

00
51
00
00
%0
80

]

1%
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Table 5.3 (contd,)
Obtained from Figs. 5.2 and 5.6

Calculated as H = 1260 (98°C) - A2e0 (62°C)
A26O (98(-)(3) (3) )

Obtained from Fig. 5.3 or the respective melting curves.
Estimated using the formula

D = H - single strand collansc

Hnative sonicated DNA ~ single strand collapso

Single strand collapsc was determined as the
hyperchromicity of denatured singlec copy DNA (4) and
was 2,8% for sponge gourd, 1.5% for ridge gourd, 1.2%
for ash gourd and 1.7% for ivy gourd.

Calculated as duplex content (D) x fragment size

of DNA.
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strand regions in the hydroxyapatite bound fractions.

The actual amount of repetitive DNA in the genome can

be assayed by the single-strand specific enzyme S1 nuclease.
In all the four species, the fraction bound to hydroxyapatite
at repetitive Cot reduces considerably after digestion with
51 nuclease (Table 5.4). The enzyme has been used here
under such conditions that it can digest only single-
stranded regions but not individual mismatched base pairs.
The increased hyperchromicity of S1 nucledse resistant
duplexes (Figure 5.3) is indicative of the removal of

single stranded regions. The S1 nuclease resistant
duplexes, moreover, show a lower Tm than that of native

DNA, suggesting that the single mismatched sites are left
intact after S1 nuclease action. The base mismatch in
repetitive duplexes as calculated from the lowering in Tm

varies from 2.7% in ivy gourd to 8.5% in ash gourd.

Fractionation of S1 nuclease resistant duplexes on
Agarose A50 columns gives information about the relative
abundance of the different size classes of repetitive DNA
in the genome (Figure 5.4a and Table 5.5). All the four
species show a major small molecular weight class
(75-80% of the total repetitive DNA) having an average
length of 300 base pairs, a minor high molecular weight
excluded fraction (15-20%, length > 1500 base pairs) and
a range of sizes (4-7%) between 300 and 1500 base pairs.



Table 5.4 81 nucleasc characterization of repetitive

duplexes.

S1 nuclease

% Hyper-

chromicity of

S1 nuclease
resistant
fraction

Tm of S1 % Base &
f o resistant nuclease mismatch
Species fraction resistant in S$1
of the fraction nuclcase
genome ¢ resistant
duplexcs
Sponge gourd 0.38 78.97+1.37 5.42
(5) (10)
Ridge gourd 0.39 81.60+0.54% 4,07
3) (6)
Ash gourd 0.27 75.67+1.36 8.54
() (8)
Ivy gourd 0.20 80.53+1.80 2.71
(% (6)

a

21,66+1.87
(10)

22.91-&-11 .35
(6)

20.59+2.56
(8)

22,38+0.85
(6)

¢ % Base mismatch calculated as lowering in Tm by 1°C

corresponds to 1% base mismatch (1),

The Tms of native unshearczd DNAs are 84+.39°C, 85.67°C,

84+,21°C and 83.24°C for sponge gourd, ridge gourd, ash

gourd and ivy gourd respectively and werc taken for

comparison,

Figures in parentheses indicate the number of experimonts

conducted in each case.
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Table 5.5

Size distribution of S1 nuclease resistant

fractions,

Species

3
Fraction of
leng repeats

Fraction of
repeats of

intermzsdiate

lengths
Sponge gourd
Cot 50,0 (&) 1,61 + 2,21 6.62 + 1.75 78.77 + 0.47
Cot 0.1 (2) 76.2% + 4,82 12.13 + 3.82 11,70 + 4,93
Ridge gourd
Cot 50.0 (&) 15.60 + 0.98 5.32 + 1.37 79.08 + 1.53
Cot 0.1 (2) 69.46 + 6.30 2,70 + 3.14% 27.8% + 5.10
Ash gourd
Cot 25.0 (&) 20.67 + 0.9% 4,03 + 1.8% 75.30 + 2.79
Cot 0.1 (2) 33,72 + 8.81  37.92 : 6,40 28.36 & L.74
Ivy gourd
cot 10,0 (&) 17.39 + 4.38 4,20 + 0.88 78.42 + 5,26
Cot 0.1 (2) 71.07 + 8.27 14,21 + 1.65 14,72 + 9.93
a ¢ Fraction excluded from the column (Peak 1 fractions)
in Fig. 5.4
b ¢ Fractions included in che column, betwcen peaks 1 and 2
in Fig. 9.4
¢ s Peak 2 fractions in Fig. 5.4

(o]
Fraction of
short rcpeats

Figures in parentheses indicate the number of experiments
conducted in each case,



The exact molecular weights of the two size classes were
determined on agarose slab gels. The smaller size class
was reletively homogeneous, with a mezn size of about

300 base pairs, while the larger molecular weight class

was composed of sizes ranging from 2000 to 4000 base pairs.

In sponge gourd, ridge gourd and ash gourd, the
long and short repeats were melted to assess the extent
of their sequence divergence (Figure 5.5). The long
repeats showed a high hyperchromicity (18-20%) and Tm
(76-82°C) approaching that of native DNAs, indicating very
little sequence divergence. The short repecats, however,
exhibited very low hyperchromicities (%-10%) and Tm
(64-71°C), and thus a very high degree of sequence

divergence.

Repetitive seguence classes reassociating at a lower

Cot _value: Experiments werc also carried out wherc the
DNAs of high molecular weight (> 10 kilo basc pzirs) were
reassociated to Cot 0.1, and then treated with S1 nuclease
followed by fractionated on Agarose A50 to determine

the distribution of 1long and short repeats (Figure 5.4b,
Table 5.5). The proportion of S1 nuclease resistant
repeats at Cot 0.1 is 12.71%, 13.98%, 8.85% and 9.60%

for sponge gourd, ridge gourd, ash gourd and ivy gourd

respectively. Comparison of their size distribution
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profiles (Figure 5.4b) with those of total repetitive

DNA (Figure 5.%a) shows that there is a considerable
increase in proportion of long repeats and decrease in

the proportion of short repeats. The latter are composed
of very short sequences of about 150 base pairs. These
results suggest that the fast-reassociating sequences

are composed largely of long repeats (or tandemly placed
short sequences) and the slow fraction is composed mainly
of short repeats. The presence of lower size class in the
fast fraction could be the result of interspersion of fast

and slow reassociating components.

Length of interspersed single copy segquences: Interspersion

of repetitive and single copy sequences will cause a
certain amount of single copy DNA to get bound to
hydroxyapatite at a Cot value at which only repetitive
sequences are fully reassociated. Therefore, at the
repetitive Cot, the amount of unrecassociated single copy
DNA existing as single stranded tails on reassoclated
duplexes will increase as a function of DNA fragment
length. This will hold true only upto a fragment length
which is equal to the average spacing between repetitive
sequences. Thus the average length of single copy DNA
can be estimated by plotting the amount of DNA bound to

hydroxyapatite as a function of DNA fragment lcength.



The results of such experiments src depicted in Figure 5.6.
The curves for all the four species show 2 steep rise in
the early part of the curve upto about 3000 base pairs,

and then a2 more gradual increasc in slope upto 7400 base
pairs (highest size studied). An extrzpolation of the
point of change of slope to the X axis gives an average
length of interspersed single copy DNA, which is 2100 base
pairs for sponge gourd, 2900 base pairs for ridge gourd,
2400 base pairs for ash gourd and 2300 base pairs for ivy

gourd,

DISCUSS ION

The composition of populations of repetitive
sequences in all the four spPecics appears to be identicel,
with 75-80% of short repcats (about 3CO base pairs long),
15-20% long repeats (2000-4000 base poirs long) =nd a
small fraction (4-7%) with sizcs ranging from 300 to
1500 base pairs. The total repetitive fractions show a
moderate sequence divergence (3-8%), which can be either
due to a recent origin of repeats or to a low rate of
sequence divergence. The short repeats, however, have
diverged more than the long repeats, which is in accordance
with the result reported earlier in a few plant species (12,13).
It is generally assumed that the shor®t interspersed repeats
evolve from long regions of tandemly vrepeated DNA. If this
is so, then the long repeats should exhibit higher thermal



Fig. 5.6 ¢ Pcrcentage binding of repetitive DNa to
hydroxyapatite as a function of DNA fragment lcngth.

DNAs of different fragment lengths werc reassociated to

limit repetitive Cot vélues (Cot 50.0 for sponge gourd

and ridge gourd, Cot 25.0 for ash gourd and Cot 10,0 for

ivy gourd, Chapter 1II). The reassociated duplexes were
separated from unreassociated single strands by hydroxyapatite
chromatography. 4 graph of % duplexes bound to hydroxyapatite
vs. DNA fragment length was plotted.
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stability either because they are relatively recent in
origin and have got little chance to diverge (7) or
because the long repeats maintain internal homogeneity

by cross-over fixation (14). However, treatment of
highly repetitive DNA with S1 nuclease and size
fractionation indicate that majority of long repeats are
represented in the fast reassociating class. Thus it
appears that in these four genomes the short and long
repeats belong to different repetitive families. Similar
observations have also been made carlier in parsley (13).
If the short repeats arise from the long repeats, then
fast and slow reassociating sequences should be present
in both long and short sequences. This, however, is not
the situation in the present case. It, therefore, appears
that the long and short repeats may be ¢ _fferent
evolutionarily as well as functionally.

Though the composition of repeat sequences and
the length of interspersed single copy sequences appear
similar in all the four spccies, differences exist in the
patterns in which the repeats are dispersed with one
another and with single copy sequences (Table 5.6). The
dispersion patterns for sponge gourd and ridge gourd,
belonging to the genus Luffa, are comparablc. The
maximum reassociation obtained for the long fragment

size (7400 base pairs) at the highest Cot value studiec
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(Cot 1000 to 5000 M x sec/1) is about 85-90% . It is

not known whether the fraction remsining unreassociated
(10-15%) is composed of uhinterrupted single copy
sequences. However, since the meximum reassociation

is obtained at lower Cot values (Cot 50 to 100 M x sec/1)
itself, it is likely that the unrcasssciated fraction
consists of degraded DNA rather than native unrcassociated
DNA, Thus the entire single copy fraction »>f these two
genomes appears to be totally interspersed with repetitive
fractions. Similarly, the extensive binding of DNA to
hydroxyapatite at lower Cot values (Cot 0,01 M x sec/1)

is indicative of extensive interspersion of various repeat
classes within themselves. However, the fraction of
genome of sponge gourd involved in short period
interspersion is more than that in long perind interspersion
pattern, as compared to the genome of ridege gourd. The
predominance of short period pattern in sponge gourd
comparcd to ridge gourd suggests that the genome of sponge
gourd is 'turning over' at a faster ratc than that of

ridge gourd (15).

In ash gourd, the intercsting osbservation is that
the genome shows very little interspersion of single copy
DNA with repetitive sequences, in spite of the large amount
of repetitive DNA content. The fast and slow rcpeats are

interspersed to some extent. The maximum reassociation



obtainec¢ at the repetitive Cot for the highest fragment
size is 58%,which is slightly higher then that at lower
fragment size (48%). This indicates that at least 40% of
the genome is composed »f uninterrupted singlc copy
sequences. This is a unique situation, consicering the
general tendency of repeated DNA to be dispersed throughout
the genome rather than remeining in long tandem arrays.
The same situation is sbserved in ivy gourcd also, whereip
about 40% of the genome is composed of long stretches of
single copy DNA. It is possible that these two genomes
are 'turning over' (15) a2t a much slower rate than those
of sponge gourd end ridge gourd. High rates of 'turnover'
lead to reduction in age of repetitive familics (i.e. less
base sequence divergence) while low rates lead to
accumulation of sequence @ivergence. This is indeed true
for ash gourd which shows more diverrence in repctitive
sequences than the other thrce species. However the
situation appears quite paradoxical in ivy gourd where
repeatec sequences have diverged by only =bout 2%. Ivy
gourd also shows the lowest amount of repctitive DNA
(Chapter III). It, therefore, appears that the repetitive
sequences in ivy gourd have undergone divergence to such
an extent that they no longer reassociate with one anosther
with repetitive rate under standard conditions (i.e. they
have undergone more than 25% civergence) (1), It is also

possible that due to very low amount »f repetitive DNa,
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translocation and dispersion events lcad to interspersion
of single copy DNA with single copy DNa4 itself and thus
would not result in extensive repeat-single copy

interspersion.

During the initial stages of interspersion pattern
studies, meinly two types »f organizations were recognized;
i.e. the Xenopus type (short period) (5) and the Drogphila
type (long period) (16). A large number of organisms
showed the former pattern, which led t2 the hypothesis
on the function of interspersecd short repeats in regulation
of gene expression (17,18). Todate, however, many more
genera from phylogenetically diverse taxa have been studied,
e.g. fungl (19-22), aves (23,24), ncmatode (25) and higher
plants (9,26,27) and these stucies have exhibited the
pred ominance of 1ong period pattern. It thus appears that
variations in interspersion patterns necd not be correlated
with gene regulation, as one would not expect the basic
mechanism of gene regulation to differ in various taxa.
Rather, interspersion patterns should be more related to
the dynamics of amplification and translocation of DNA

\

sequences.

The present investigation has shown that though
the four plant species are very similar in morphological
and cytological features, their genomes are organized in

vastly different patterns. We suggest that such differences



at the organization level could be a cause for fertility
barriers which are so well known in Cucurbitaceae

(Chapter I). Since a siﬁgle mutation cannot bring about
the origin or cstablishment of a species, many factors
have to work hand in hand to bring about speciation.

One of the factors that can promote speciation is the
origin and establishment of a few to many c¢ifferences in
chromosome structure including submicroscopic rearrangements
of nucleotides, or chromosomal repatterning (28). The
biological incompatibility can be envisaged as taking
effect only between two individuals that are maximally
dissimilar in their repetitive families (29). This indeed
seems to be the case in the present four species of
Cucurbitaceae, where the species show extreme diversities

in the structure anc¢ oryanization »f rc .eated DNiA sequences.

g

c.
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HOMOLOGIES OF REPEATED DN4 SEQUENCES
SUMMARY

The technique of DNA-DNA hybridization has been
used to assess the extent of homology of repeated DNA
sequences among the four Cucurbitaceae species. In the
two Luffa species, namely, sponge gourd and ridge gourd,
a major proportion (95%) of the repeated DNA sequences
is homologous. These sequences also have a very limited
(0.65 - 1.27) base sequence divergence. Therefore, it
appears that these two species have separated from each
other relatively reeently. However, the homology of
repetitive sequences of ash gourd and ivy gourd with
those of sponge gourd is limited (25-50%). The repeated
DNA sequences also show a large degree of nucleotide
sequence divergence (3.56 -8,00%). These two species
thus seem to have either undergone extensive sequence
divergence since their origin from a common ancestor,

or have arisen independently.

INTRODUCT ION

Interspecies molecular comparisons have evolved
from the study of biochemical properties of proteins
(e.g. electrophoretic mobility, antigenecity, amino acid

sequences of proteins)and finally the nucleotide sequences
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of genes that code for these proteins (1-4). However,

a dlsadvantage of this fine scale analysis is that only

a minute fraction of the total genome can be compared.

An alternate approach is the analysis of DNA sequence
relationships of the genome by hybridization -melting
technique which allows simultaneous study of a large
number of DNA sequences (5). DNA sequences from two
species can be reannealed in vitro and the hybrid duplexes
can be subjected to thermal dissociation to assess the
extent of DNA sequence homology. Such comparisons of DNas
can yield quantitative data on relatedness and divergence
among organisms and thus are extremely useful in

systematics (5-8).

Most eukaryotic genomes consist of repeated and
single copy DNA sequences. The single copy sequences are
known to have evolved essentially by random baée
substitutions or point mutations. The hybridization of
single copy sequences would thus provide a valid measure
of the extent to which base substitutions have occurred
since the separation of any two lineages (9,10).
Repetitive DNA sequences, on the other hand, evolve mostly
by events such as amplification, reamplification,deletion
and translocation. Intra- and inter-species hybridization
reactions among repeated DNA sequences can, therefore,

provide information about their origin and evolution (10).



In the previous chapters, we have described
(1) now the repetitive sequences in cucurbits vary
with respect to their proportions in the genome, copy
number and kinetic complexitiesj (ii) what is the nature
of repetitive families and (iii) what are the dispersion
patterns of repeats among themselves and with single copy
DNA sequences. However, in order to draw conclusions
about the evolutionary origin and divergence of thesc
sequences, it is essential to study their sequence-
relatedness. We hove, therefore, used the technique of
DNA-DNA hybridization to compare the homologics of
repetitive DNAs of ridge gourd, ash gourd and ivy gourd

to that of sponge gourd.

MATERTALS AND METHODS

Extraction, shearing and sizing of total unlabelled DNAs:

DNAs were extracted from seedlings of sponge gourd, ridge

gourd and ash gourd and fruits of ivy gourd, as described
in chapter II. All the DNAs were sheared to an average
size of 550 base pairs by sonication using Blosonic III

(Chapter III).

Isolation of repetitive DNA of sponge gourd: The 550 basc

pairs long DNA of sponge gourd was incubated in 0,12 M
sodium phosphate buffer (pH 6.8) to Cot 50.0 M x sec/1
(1imit repetitive Cot, Chapter III). The reassociated

171
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fraction was separated from unrcassociated single strands

by hydroxyapatite chromatography as explained in chapter III.

Preparation of 32P labelled DNAs: 2-3 mg of native,

unsheared sponge gourd DNA (molecular weight > 10 kilo
base pairs) in 10 mM Tris-HC1 (pd 8.0) and 2-3 ug of
total repetitive DNA of sponge gourd (Cot 50.0 fraction)
in 0.12 M sodium phosphate buffer (pH 6.8) were labelled
by using the nick-translation procedure of Rigby et al.(11).
While in the former case. DNase I wes added to a final
concentration of 1 x 1077 U/mg of DNi, in the latter
case no DNase I was used, and the reaction volume was
adjusted such that the concentration of phosphate did not
exceed 0,05 M. The reaction mixture (200 mul) consisted
of 50 mM Tris-HC1l (pH 7.5), 5 mM MgCl,, 20 M each of
unlabelled dATP, dCTP and dGIP. Commercial (o 32P) dTTP
(Amersham or New England Nuclear)specific activity

3000 Ci/mM) was added to 2 final concentration of 90-100
picomoles. E.coli DNA polymerase I was added to a final
concentration of 2-3 U/}zg and thce reaction mixture was
incubated at 15°C for 90 min. The progress of
incorporation of labelled nucleotide was monitored in

aliguots. The required specific activity was normally

attained-after 2C min. The reactiun was termiratec by

adCing sodium dodecyl sulphate to an effective concentratin



of 0,17 an¢ the mixture was deproteinized twice with
freshly distilled phenol saturated with Tris and once
with chloroform - isoamyl alcohol (241, v/v). The
aqueous layer containing DNA was adjusted to 0.12 M
sodium phosphate buffer (pH 6.8) and loaced on a
hydroxyapatite column, previously equilibrated with the
same buffer. The unincorporated nuclcotides and single-
stranded material were removed by washing the column
extensively with 0,12 M so>dium phosphate buffer (pH 6.8).
The q-32P labelled double-stranded DNi was then cluted
with O.4 M sodium phosphate buffer (pH 6.8). When
unsonicatéd, native DNA was used for nick-translation,

it was sonicated to 550 base pairs after nick-translation.

A1l the counting was done by Cerenkov Counting
Method (12) using a Beckman liquid scintillation counter
(LS 100C). The volume of solution (3 ml) taken for

counting was kept constant.

Sizing of labelled DNhs: Sizing of labelled DNas was
done by agarose slab gel electrophoresis (Chapter II).
The labelled DNis (either the total DN4 of sponge gourd
sonicated to 550 base pairs after labelling, or the

total repetitive DNA of sponge gourd obtained by
reassociating the 550 base pairs long DN4 to Cot 50,0
and then labelling the reassociatcd fraction) were loaded

on agerose slab gels and the gels were run with appropriate
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molecular weight markers. Aifter electrophoresis, the
mobility of DNA fragments of known molecular weight was
merked. The tracks containing the labelled LNas were
cut to 1 cm pieces and counts were taken. Molecular
weight of labelled DNAs was theén calculated according

to the mobility of the size markers.

bridization - melting of DNias: By separating the

two strands of DNA of one organism and recombining them
with the separated DNA strands of another organism, a
heteroduplex or hybrid DNi4 is produced. The gquantity of
hybric¢ DNA is easily measurable when onc of the two
strands is radiolabelled. The thermal stability of the
hybrid DNA molecule is a function of the complementarity
in the two component strands, The difference in melting
temperatures of the homologous and heterologous DNA
hybrids is a measure of the bas¢ scquence divergence

between these DNhs (5,13).

We have used two complementary zpproaches to stuly
the homologies in the repetitive DNi sequences in the
four Cucurbitaceae species. In the first set of
experiments, the labelled total sponge gourd DNA (550 basc
pairs) was hybridized to the cold, sonicated (550 base
pairs) DNAs of sponge gourd, ridge gourd, ash gourd and
ivy gourd, to their repetitive Cot values. In the second
set of experiments, the labelled, total repetitive DN&



f sponge gourd (Cot 50,0 fraction) was hybridized to
51¢ sheared DNas of sponge gourd, ridge gourd, ash
‘ourd and ivy gourd. Thermal elution of homologous and
ieternlogous duplexes was carrie¢ out in each case as

lescribed in the following section.

Jse of total DNa of sponge gourd as trécer

1) Homologous hybridization: « 32P—1abc11cd sponge

zourd DNA (550 base pairs) was diluted about 5000-fold

7ith unlabelled sonicated sponge gourd DNa., 4sbout

50,000 cpm (0.01 ug) of tracer DNia and 50-60 mg of

lriver DNA were used in each experiment. The DNia samples
were denatured in sealed ampoules in a boiling water beath
£for 10 min. and were incubated to Cot 10,0, Cot 25.0 and
Cot 50,0. The incubations were cone in 0.12 M or 0.36 M
sodium phosphate buffer (pH 6.8). In the latter case,

the rate of reassociation was corrected (14). Ahfter
incubation, the samples werc diluted to 0.12 M so>dium
phosphate buffer (pH 6.8) and were loaced on hydroxyapatite
column previously equilibrated with the same anC maintainec
at 62°C. The counts in the initial washes with 0.12 M
sodium phosphate buffer (pH 6.8) were considered to
represent the unreassociated DNa. The duplex DNA bound to
hydroxyapatite was recovered by stepwise raising of the
column temperature in 5°C increments upto 100°C. The single

stranded DNA4 resulting from dissociation of duplexes at
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cach temperature increment was eluted with 2-3 bed

volumes of 0,12 M soc¢ium phosphate buffer (pH 6.8)

followed by a final wash with O.4 M sodium phosphate

buffer (pH 6.8) at 100°C. All the DNA eluting at
temperatures higher than 627°C was taken as the reassociated
fraction. Amount of DNA eluted as single strands at each
step of thermal elution was estimated by Cerenkov

Counting (12). Recovery of counts from hydroxyapatite was
95-105% of the amount loaced. The fraction reassociatec (k)

was calculated ast-

g r - Counts eluted after 62°C
Counts eluted at 62°C + counts eluted after 62°C
with 0,12 M sodium
phosphate buffer, pH 6.8
The graph of cumulative counts vs. temperature gave the
denaturation profiles, while the graph of counts cluted
between successive temperature rises vs. temperature gave
derivative profiles of the same. The temperature at which
50% of the reassociated duplexes were cluted was taken

as the temperature of dissociation (Tm) of both homologous

and heterologous duplexes.

A self-rcassociation reaction of tracer DNA was
carried out under similar conditions anc¢ the corrections

were applied accordingly.
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2) Heterslogous hybridization: g S2P-labelled total
sponge gourd DNia wes hybridized with total sonicated

(550 base pairs) DNAs of ridge gourd, ash gourd and ivy
gourd. The reassociations were carriec out at the
repetitive Cot of driver DNhs, i.e. Cot 50.0 for ridge
gourd, Cot 25.0 for ash gourd and Cot 10,0 for ivy gourd.
i self-reassociation reaction for t$racer was also carricd
out for each experiment anc the correction was applied
accordingly. For each heterologous reaction, the extent
of homology was determined from the extent of homologous
reassociation at that Cot value. The melting temperatures
and derivative melting profiles were obtained as described

in the previous section.

Use of total repetitive DN4 of sponge gourd as_tracer

1) Homologous hybridization: « 32P—labcllcd total
repetitive DNA of sponge gourd was hybridized with cold,
sonicated DNA of sponge gourd to Cot 50.0.

2) Heterologous hybridization: The labelled, total
repetitive DNA of sponge gourd was hybridized with cold,
sonicated DNAs of ridge gourd, ash gourd and ivy gourd

to Cot 50,0, Cot 25.0 and Cot 10.0 respectively.

A tracer-tracer self reassociation reaction was
carried out simultaneously with the above homologous anc
heterologous reactions. &1l values of reassociation and

melting profiles were calculated as described earlier.
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Control experiments: Total sonicated DNA (550 base pairs)
of wheat was labelled by nick-translation and was hybridized
with excess cold sonicated (550 base pairs) wheat DN4 or
barley DNA to Cot 50.0 (7) or Cot 90,0 (15). Self-
reassociation of tracer DNA was also carried out in each

case,
RESULTS

Control experiments: & control experiment was carried

out using total sonicated wheat DNA as tracer. Labelled
wheat DNA was hybridized with excess cold sheared (550
base pairs) barley DNAi to a Cot value of 50.0 M x sec/1
and 90,0 M x sec/1 (7,15). Both Cot values are sufficient
to allow all the repeated sequences to form duplexes.
Homologous reassociation values (wheagiwheat) are 76.67%
(+ 3.45%) and heterologous reassociation values (whea€t
barley) are 63.62% (+ 3.58%). After correction for
self-reassociation of the tracer (24.97% + 2.95%), the
homology between the repeated sequences of wheat and
barley is estimated to be 70%. The values of homologous
and heterologous reassociations and the extcnt of homology
of repeated DNA sequences between these two species

compare well with the reported values (7,15).
Use of total sponge gourd DNA as tracer

1) Homologous hybridizations: Since the limit repctitive

Cot values of ridge gourd, ash gourd and ivy gourd are
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£l
50.0, 25.0 and 10.0 respectively, the self-reassociation
of tracer DNA and the homologous hybridization of tracer
DNA with total, cold sponge gourd DNi were carried out at
these three Cot values. The tracer-tracer self-
reassociation values are 5.61%, 5.60% and 9.93% for
incubations upto Cot 10.0, 25.0 and 50.0 respcctively.
hpplying these corrections, the homologous reassociations
reach 47.5% at Cot 50.0, 28.5% at Cot 25.0 and 28.6% 2t
Cot 10,0 (Table 6.1a). All the homologous reassocintion
values are comparable with those obtzined in thc
reassociation kinetics studies of 550 base pairs DNa of

sponge gourd (51%, 43%, 42%, Chaepter III),

The thermel stabilities of homologous duplexes
reassociating at Cot 10.C, Cot 25.0 and Cot 50.0 are
77.88°C, 78.24°C and 79.30°C respectively (Table 6.2a, Fig.6.1a)
and thus are about %.1% to 5.56°C less than that of native
sheared sPonge gourd DNA (83.44°C, Chapter IV). This
indicates the presence of a sequence divergence of 4,14

to 5.56% in the repetitive sequences of sponge gourd
DNA (14).

2) Heterologous hybridization: The reassociation values
>f heterologous hybridization of total sponge gourd DNi
1S tracer with ridge gourd DNA at Cot 50,0, ash gourd

)NA at Cot 25.0 and ivy gourd LNi at Cot 10,0 arc 39.89%,
.11.88% and 12.28% respectively, after the appropriate
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Table 6.1a Reassociation of labeclled total sbonge
gourd DNA to repetitive DNAs of cucurbits.
Tracer % % Correc- Average Average
Species  incubated Reasso- self-  ted % % %
to Cot ciation reasso- neasso- Treasso- homology
M x sec/l c%ation ciation ciation
Q
tracer
Sponge 50.0 49.78 1210 37.68 47.47  100.0
ROREG 61.50 12,10  49.40
60.94 5.60 55 .34
Ridge 50.0 L4, 16 12.10 32.06 39.89 84,03
gourd 47,86 12.10 35.76
57.7% 4.90 51.84%
Sponge 25.0 33.7% 5.60 28. 14 28,54 100,00
gourd 33.65 5.60 28.05
35 .03 5.60 29.43
Ash 25.0 17.56 5.60 11.96 11.88 41,64
gourd 17. 44 5.60  11.84%
17.45 5.60 11.85
Sponge 10.0 35.03 5.60 29.43 28.57  100.00
gourd 33.7%  5.60 28,14
33.74 5.60  28.14
Ivy 10.0 17.66 5.60 11.06 12.28 42,98
gourd 17.35 5.60 11.75
20.63 5.60 14%.03
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Table 6.1b Reassociation of isolated total repetitive

DNA of sponge gourd to repetitive DNAs of

cucurbits.
Tracer % % Corrected Average %
Species  incubated Reasso- self- % % Homology
to Cot ciation reasso- Reasso- Reasso- '
M x sec/l cilation ciation ciation
of tracer
Sponge 50.0 79.92 12.90 67.02 65.81 100,06
gourd 79.77 12.3%  67.43
293 12.34% 62.99
Ridge 50,0 73.68 12.90 60.78 62.16 o4 . 46
gourd 75 .26 12.3% 62.92
73.52 10.5% 62.97
Ash 25.0 51.83 12.90 38.93 31.78 Lg,.36
gourd 1.0k 12.34 28.70
40, 06 12.3% 27.72
vy 10.0 31.44 12.3% 19.10 17.12 26.01
goned 26.43 12. 3% 14,09
28.89 10.73 18.16
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corrections for self-reassociation of tracer DNA (Table 6.1a).
Comparing these values with the respective values in
homologous reactions, the extent of scquence homology with
sponge gourd DNi is 85% for ridge gourd, 427 for ash gourd
and 43% for ivy gourd. It thus appears that the repetitive
families of ridge gourd are very similar to those of sponge
gourd, while those of ash gourd and ivy gourd have very

limited sequences in common with sponge gourd DNA,

The heterologous repetitive DNA duplexes of sponge
gourd DNA with ridge gourd, ash gourd and ivy gourd DNhs
show melting temperatures of 78.65°C, 74.68°C and 76.86°C
respectively (Table 62a). These values correspond to a
base sequence divergence of 0.65°C, 3.56°C and 1.02°C
respectively when compared to the melting temperatures of
the homologous duplexes. These results also indicate that
there is very little sequence divergence between DNas »f sponge
gourd and ridge gourd. Ash gourd and ivy gourd DNas, on the
other hand, have undergone slightly higher segucnce

divergence as compared to ridge gourd DNA.
Use_of total repetitive DNi_of spopge gourd as tracer

1) Homologous hybridization: The limit repetitive Cot
value of sponge gourd DNA is 50.0 M x sec/1l. The self-

reassociation of tracer DNA was estimated to be 12.23% at

this Cot value. Applying this correction, the homologous
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hybridization between total repetitive DN4 (tracer) and
total DNa (driver) is 65.81% (Table 6.1b).

The Tm value of homologous duplexes is 81.07°C (Fig.6.1b,
.Table 6.2b). This value is lower than the melting
temperature of native sheared sponge gourd DNA by 2.37°C.
Thus the homologous duplexes of sponge gourd repetitive

DNA reassociating at Cot 50.0 show a mismatch of 2,377%.

2) Heterologous hybridization: The heterologous
reassoclation of total sheared DNis of ridge gourd, ash
gourd and ivy gourd with repetitive DNu& of sponge gourd

is 62.16%, 31.78% and 17.12% respectively, after correcting
for self-reassociation of the tracer DNin. When these
values are compared with the homologous reassociation

value (65.81%), the sequence homology is estimated to be
95% between sponge gourd and ridge gourd, 48% between
sponge gourd and ash gourd anc¢ 267 between sponge gourd

and ivy gourd. (Table 6.1b)

The Tms of heteroduplexes of sponge gourd DNA with
ridge gourd, ash gourd and ivy gourd are 79.80°C, 73.077C
and 73.53% respectively. These values correspond to a
base mismatch of 1.27%, 8,00 and 7.54% respectively as
compared t0 homologous duplexes. This set of experiments
also clearly indicates that repetitive sequences of ridge
gourd and sponge gourd are very similar, while those of
ash gourd and ivy gourd have diverged to a great extent

from those of sponge gourd (Figure 6.1b, Table 6.2b).



Table 6.22 Sequence divergence between total DNA of

sponge gourd and repetitive DNAs of

Cucurbitaceae
Soeeic T A Tn®  Base mismatch = Proportion
pecies (%c) (°c) (%) (%)
Cot 50,0
Sponge gourd 79.30 Lok 0.00 -
Ridge gourd 78.65 0.65 0.65 -
Cot_29,0
Sponge gourd 78.2k4 5.20 0.00
Ash gourd 74.68 3.56 3.56 68.40
89 . bkt 31.60
Cot 10.0
Sponge gourd 77.88 5.56 0,00 70.29
Ash gourd 76.86 1.02 1.02 29.71
91.49

a ¢ Calculated as lowering in Tm as compared to that
of sonicated sponge gourd DNA (83.44°C),

b ¢ Calculated as 1°C lowering in Tm = 1°C base mismatch (14)



Table 6.2bSequence divergence between isolated repetitive
DNA of sponge gourd and repetitive DNAs of

Cucurbitaceae.
a b
Species Tm A Tm Base mismatch  Proportion
(°c) (°c) (%) (%)
Sponge gourd
Cot 50.0 81.07 2.37 0.00 -
tidge gourd
Cot 50.0 79.80 1.27 1.27 -
ssh gourd 5
Cot 25.0 73.07 8.00 8.00 60,00
87.40 40,00
lvy gourd 7353 7.54% 7.54 60.00
Cot 10,0 87.60 40,0

¢ Calculated as lowering in Tm as compared to that
of sonicated sponge gourd DNA (83.44°C)
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Calculated as 1°C lowering in Tm = 1°C base mismateh (14).
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Figure 6.,1b * Thermal dissociation profiles of cuplexes formed
between sponge gourd 3“)'1’ total repetitive UNa and unlabelled
sheared DNAs from sponge gourd (O — 0), ridge gourd ( — x — ),
ash gourd ( -- ) and ivy gourd ( -=-- ), desults are
obtained as describec above.



188

Derived melting curvest From the cumulative melting

graphs, we can arrive at the Tm valuecs of homo- as well
as heteroduplexes. In order to get information about
distribution >f sequence homology with respect to base
composition, cerived melting curves were obtained by
plotting counts eluted at each temperature difference

vs. temperature. In both sets of experiments (involving
either totel DNA or total repetitive DNiA of sponge gourd
as tracer), the thermal elution curves of sponge gourd
homologous duplexes and sponge gourd - ridge gourd
heterologous duplexes are¢ uniform, with almost cqual
amounts of counts eluting on either side of the melting
temperature (77.88°C to 81.07°C). In heterologous
reactions »f sponge gourd DNA with ash gourd and ivy
gourd DNi4, the thermal elution profiles show two distinct
melting regions. 4 comparatively larger proportion

(60 - 70%) is eluted at temperatures < 80°C, whilc a
smaller fraction (30 -40Z) of duplexes is elutcd at
temperatures > 80°C. Since the low-melting fraction is

a major one, its Tm value has been considered for
calculating sequence divergence in thesec species. The Tm
of the low-melting fraction is 73.07 - 76.86°C, which
corresponds to a base sequence Civergence of 1.02 to 8,00;
when compared to the thermal stability of homologous duplexes.

On the other hand, the small fraction eluting after 80°C
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has higher thermal stabilities (Tm = 87.4%°C - 91.497°C).
It thus appears that the G+C rich repctitive families
>f these genomes heve uniergine less scquence divergence

than the A+T rich families (Figure 6.2a,b).
DISCUSS ION

In sequence homology studies, total DNAs as well
as isolated repetitive and single copy fractions are
commonly used as tracer DNis (5,6,9,10,16). Both the
approaches have been used in the present work, since it
was expected that the results »obtainec by these incdependent
methods woulé be complementary. Comparison of results
obtained by these two approaches showed that the homology
of ridge gourd repetitive DNa to that >f sponge gourd
increased from 847 to 95% when total rc,etitive DNa of
sponge gourd was used as tracecr. This mey be cuc to the
use Hf pure repetitive fraction »f sponge gourd Dih and
thus‘the remaal of the single copy sequences assoclated
with it. This could 21lso be true for the slight increase
in homology observed for ash gourd DNi. However, in ivy
gourd DNA, the homology reduced from 437 to 267 when the
repetitive DNA of sponge gourd was usec as tracer. &
plausible explanation for such a change can be that some
repetitive sequences of ivy gourd are homologous tn single
copy sequences of sponge gourd, resulting in increcased

homology when total DNA of sponge gourd is used as tracer.



Figure 6.2a ¢ Thermal elutién profiles of duplexes
formed betwecen total sheared 32p sponge gourd DNA and
unlabelled sheared DNhas from (a) ridge gourd ( X - X),
(b) ash gourd (e--@ ) and (c) ivy gourd (o--0),
plotted with the thermal elution profiles of homologous
reassociations carried out simultaneously. The amount
of DNA eluted at each temperature is plotted as a

percentage of the total duplex DNA bound to the column.
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The most striking observation in the present
studies is the extensive homology (85-95/%) in the
repetitive sequences of sponge gourd and ridge gourd,
This homology is expected as the two species belong to
the same genus Luffa. The sequence divergence between
these two species is also limited. From the extensive
homology and the limited sequence divergence it appears
that these two species have scparated from each other
relatively recently. The sequence homology of the other
two species, ash gourd and ivy gourd, with sponge gourd ,
is very limited. There is als> a substantial sequence
divergence between repetitive DNis of ash gourd and ivy
gourd with that of sponge gourd. It thus appears that
either these three genera have diverged greatly since their
time of origin from a2 common ancestor, or they have all

arisen independently.
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GENERAL DISCUSSION

The central theme of this thesis has been the
molecular biological characterization of Cucurbitaceae
genomes using five complementary approaches. Although
each individual approach is not enough to provide conclusive
evidence, the combined results from all the five different
approaches have provided a considerable information on the
molecular properties of the Cucurbitaceae genomes, which

can be summarized as follows:

1. The high resolution thermal denaturation profiles
have revealed a uniform distribution of 4+T and G+C
rich DNA sequences in ash gourd and ivy gourd. In
sponge gourd and ridge gourd, on the other hand, the
base composition heterogeneity is more in G+C rich

DNA sequences than in A+T rich DNA sequences.

2. The content of repetitive DNA is moderate (48-59%)
in sponge gourd, ridge gourd and ash gourd and very

low (25%) in ivy gourd.

3. The moderately repetitive DNA shows §5-fold variation
in its proportion, 3.5 fold variation in its copy

number and 6-fold variation in its kinetic complexity.

. The proportion of very fast DNA is high (12-14%) in
ash gourd and ivy gourd, moderate (8%) in ridge gourd



and low (2%) in sponge gourd.
5. The base sequence divergence among repeated DNA

sequences is 2-8%.

6. The repeated DNA families are essentially homogeneous

in nature in all the four species.

Ze The genome organization pattern is mixed type, with
identical lengths of interspersed long and short
repeats and interspersed single copy sequences. While
the genomes of sponge gourd and ridge gourd show
extensive interspersion of repetitive sequences with
single copy DNA, a large proportion of single copy DNi

remains uninterspersed in ash gourd and ivy gourd.

8. The repetitive DNA sequences of sponge gourd and ridge
gourd show a high degree of sequence homology (85-95%)
to each other and those of ash gourd and ivy gourd

show limited homologies (25-50%) to sponge gourd.

A1l the above results have been discussed at length
in appropriate Chapters. However, when they are considered
together, it is possible to draw conclusions about the
possible role, rates of evolution and sequence homologies

of repeated DNA sequences in family Cucurbitaccae.

I. DNucleotide seguence repetition

The genomes of sponge gourd, ridge gourd and ash

gourd are highly repetitive, while that of ivy gourd



contains the lowest amount of repeated LNL observed so
far in higher plant species. The presence of low amount
of repetitive DNA in ivy gourd can be explained in two
wayss either the rate of amplification of sequences has
been very low, or the repeated sequences have diverged
to such an extent that they no longer reassociate with

repetitive kinetics.

The proportions of the various subclasses of
repetitive DNi are different in all the four genomes.
i significant fraction of the total repetitive DNih consists
of moderately repeated DNA sequences, with only a few
hundred copies. The difference between the genomes of
sponge gourd and ridge gourd is the presence of a fast
component only in spongée gourd and a large middle
repetitive component in ridge gourd. The fast component
in sponge gourd could have arisen from either a recent
amplification of a single copy sequence or a secondary

amplification of a preexisting sequence.

The kinetic complexity,defined as the total length
of DNA contained in different nucleotide sequences as
measured by reassociatlon kineties (1), provides a measure
of information content not affected by reiteration
frequency. In the present wark, the kinetic complexity
of moderately repeated sequences appears to be relatively

high, and thus these sequences may have potential



197

information contents. On the other hand, the very fast
and fast DNi components seem to have very low kinetic

complexities and thus may not have any coding functions.

hpart from furnishing information about the repetitive
DNA4 content, the DNA reassociation kinetics can also provide
the genome size estimate. The kinetic estimates of genome
sizes are 8.% x 107 to 1.7 x 108 base pairs in a}l the
four specles. The genome sizes of all these four species
have also been determined cytophotometrically in our
laboratory (2). The 1C values determined are 1.75 pg,
2.25 pg, 1.75 pg, 2.75 pg for sponge gourd, ridge gourd,
ash gourd and ivy gourd respectively. Thus the kinetic
estimates of genome size are considerably lower than the
cytophotometrically determined values. Such discrepancies
are often noticed in the genome sizes determined by the
two methods (3-6). &Ln explanation for this discrepancy
could be the absence of truly single copy sequences.
Species are known where unique sequences arc present in
more than one identical copies (7). Inaccuracies in the
determination of rate of reassociation of single copy DNi
could also result due to presence of certain factors such
as polysaccharides in DN4 preparations that can accelerate
the rate of reassociation (8,9). We have confirmed the
absence of polysaccharides in our preparations. It,

therefore, appears that the results of the two methods of
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genome size determination are not comparable in our
experiments. Since the repetitive DNA constitutes a
significant portion of plant genomes, it scems unlikely
that all this DNia would function in a manner requiring
sequence similarity. The degree of sequence homology
required by the cell for a function is not known.
Presumably, families composed of closely rclated members
should afford the advantage of more precise control over

a postulated network of functions, rather than those
composed of more diverged members (10). There are examples
where a single base change can alter the recognition of

a regulatory protein for its binding sequences (11).
However, there is also an example where rather divergent
operator sequence€s are recognized by the repressor

protein (12). Thus nearly all the repetitive families
would be unsuitable for purposes which require functional
repetition. Perhaps only some sequences which reassociate
at Tm -5°C would be sufficiently similar to be functional (10).
Data from most organisms have been gathered from experiments
conducted at Tm -25°C and lead to estimates of the length,
spacing, number and proportions of DNA sequences which
appear to be repetitious at the standard criterion.
However, the functional repeats may exist as a small

number of nearly perfect replicas, and their properties mey
be obscured by studies at stancard criterion. Thus it

seems essential to distinguish between the biological



criterion for sequence repetition and the experimental
criterion. Alternatively, the repetitive DNi may not have
any sequencé dependent function and its use in a 'filler'

capacity may have some advantages for higher organisms.

II, Speculations on genome evolution

Twn approaches have been employed in the present
work to arrive at conclusions about the rate of turnover

in the four cucurbit genomes.

The studies on DNA reassociation kinetics at four
different temperatures havc revealed that the repetitive
families are predominantly homogeneous in nature in all
the four genomes. The proportion of DNi scored as
'repetitive' reduces with increase in stringency of
reassociation, A4ccording to the terminologies coined by
Bendich and hnderson (10) and Thompson and Murray (13),
the sequences scored as 'single copy' at the standard
criterion could have resulted from the base sequence
divergence of repeated DNA sequences. When relaxed
conditions of reassociation such as low incubation
temperature are provided, such diverged sequences are
able to reassociate at the repetitive rate. Thece are

termed as 'fossil repeats'. The single copy sequences
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which do not show repetitive kinetics at reduced stringency

are termed 'true single copy' sequences. 4 high proportion

of fossil repeats and a low proportion of true single copy
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is indicative of fast turnover rates. Calculations of
'fossil' repeats and 'true' single copy sequences reveal
that the genome of sponge gourd is evolving faster than

that of ridge gourd, ash gourd and ivy gourd.

The study of interspersion patterns of repeated
DNA sequences has demonstrated that all the four cucurbit
species are grossly similar with respect to the length of
interspersed long and short repeats and interspersed singlc
copy DNAi sequences. However, differences are noticed in
the extent to which the sequences are interspersed with
cach other. In sponge gourd anc ridge gourd, the
interspersion of single copy DNia sequences with repeated
sequences is almost total. However, sponge gourd shows a
pred¢ominance of short period pattern. hksh gourd and ivy
gourd exhibit extensive interspersion of repeats within
themselves but very little single copy fraction is invoIved
in interspersion. The interspersion of repeats within
themselves 1is generally achieved by mechanisms of unequal
crossing over, wherein elements from tandem arrays are
translocated to other regions of chromosomes. Translocation
could occur as a result of recombination e¢vents between
different regions of the same or different chromosomes.
However, only recombination mechanisms cannot account for
interspersion of millions of short repeated DNia sequences.

Migration of repeats out of the tandem arrays could be
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imagined to involve excision an¢ reinsertion processes
similar to those demonstrated in prokaryotes. The

mobile elements first, demonstrated in corn, have

properties similar to those of transposons and are known

to be widely scattered (Chapter 1), Plasmids or cireular
DNis have also been found in some eukaryotic systems (14,15).
Thus the differences in interspersion patterns need not be
correlated with the phenotypic differences between them.
Instead, the ¢ifferences may be dependent upon the dynamics
of amplification and translocation, High turnover rates
would lead to reductions in the average age of amplified
sequences and in the fraction of single copy DNi4, resulting
in short period pattern, while low turnover rates would lead
to long period interspersion patterns (15). Based on our
data on DNA sequence organization, it appears that the

rate of turnover is low in ridge gourc, ash gourd and

ivy gourd and high in sponge gourd.

III. Homologies among repeated DNa seguences

Interspecies hybridization experiments using sponge
;ourd DNA as tracer have revealed that repetitive sequences
f sponge gourd and ridge gourd are very closely related.
n the other hand, those of ash gourd and ivy gourd have
iverged extensively from those of sponge gourd. The
ifferences may be reflecting the amplification or

camplification of different sequences in different lines
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subsequent to their evolutionary separation. Even among
groups of repeated sequences common to all species,

further amplifications could occur. Most families of
repeated scquences, once introduced in the ancestral
genome, arc maintained in all the subsequently diverging
species (16). However, even though a given family may be
represented in more than one species, the procucts of
intraspecific reassociatisn of that family are more
precisely paired than those formecd in interspecies reactions.
If it is assumed that repeatec sequences evolve simply by
accumulating ranc om base substitutiéns, the divergence
observed among members of a family in one species should

be the same as that among members of the samc family in

the different species. Our results have shown that
homdlogous duplexes are thermelly more stable than
heterologous cCuplexes, It is thus apparent that different
members of the partially homologous families were subjected
to secondary amplification events in d¢ifferent genomes

after speciation.

IV. Role of repetitive segquences _in speciation

There are several possible ways in which populations
nay differentiate into species. These arc generally
classified as premating and post-mating reproductive
varriers. Premating barriers are well-known in cucurbits.

{owever, the failure of artificial hybridization suggests
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that post-mating barriers should also be respomsible

to some extent for species isonlation in cucurbits. There
are ways by which one could envisage the role of repeated
DNi. sequences in either of these fundamental processes.

It is unlikely that the continuously changing nature of
sequence composition and¢ abunéance ané position of
repetitive families could be »f no effect »n the behaviour
of chromosomes and their transcription (17). Such effects
may not be the function of repeat families, rather they
could be their consequence. Many families are finely
interspersed with genes and concerted changes in their
composition might affect the transcription of genes,
possibly by their effects on chromatin accessibility to
polymerases. Some such changes might affect the genes
controlling sexual behaviour or the timc of flowering,

and premating berriers could ensue. The incompatibility
may also be a post-mating dysgenesis between individuals
from populations in which the genomes have evolved in
separate ways. Whatever the nature of barriers, the
incompatibility can be envisaged as taking effect only
between two individuals that are maximally dissimilar in
their repeat families (17)., The phenomenon of molecular
drive does not appear to be restricted to particular
organisms with particular population structures, and would

not negate the alternate modes of speciation.
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