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Cot DNi\ concentration x timo expressed in terms of

moles X second/litre„

A + T Adenine + Th^rmine,

G + C Guanine + Oyto:;jinc,

Hi ■ Hvdroxyapatite,

K Rate constant,

np JTucleotide pairs,
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pg Picogram

Pi'iSP Phenyl methyl sulphonyl fluoride.

SPo Sodium dodecyl sulphate,

SSC--X 0.15 II sodium chloride + 0,015 U trisodium citrate,

pH 7,0.

TEI'IEP N, ,I'T'-Tetramethj/'l ethylenediamine.

Tm Melting temperature.
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SYNOPSIS

Knowledge of properties of repeated D M  sequences and of 

their chromosomal organization with respect to single copy DMA 

sequences is crucial for understanding their biological role in 

eukaryotic cells. ■ Plants are rather unique in having large 

variations in their nuclear DMA content, high proportion o f • 

repeated D M  sequences and a diversity in the nuclear 

organization. In plants, only a few species tielonging to the 

family Gramineae have heen studied in deirail with respect to 

characterization of repeated DMA sequences, DNA sequence ’ 

organization and D M  sequence homologies. However, all these 

species have nuclear BNA content (1C) more than 6.7 pg. In 

the present work, we have selected four Gramineae species namely 

finger millet (Eleusine coracana) Gaertn.-, great millet.

(Sorghum vulgare) L., pearl millet (Pennisetum americanum)(L,)K. 

Schum and rice (Oryza sativa) Linn, The nuclear D M  content 

(1C) of finger millet, pearl millet and rice is less than 2.5 pg. 

In these three species, we have studied the reassociation 

kinetics of the total, sonicated D M s ,  characterized the 

repeated D M  fractions by determination of their thermal 

denaturation and reassociation behaviour and have investigated 

the arrangement of repeated D M  sequences 6n the chromosomes.

In the case of great millet, we have carried out only 

reasBociation kinetics of total, sonicated D M  and thermal 

denaturation studies of native D M .  A preliminary study of 

interphase nuclear organization and of identification of 

histones in finger millet, pearl millet and rice was also 

carried out. This work was carried out with the following



a .

objectives

.1. How are the variations in the nuclear D M  content reflectec 

in the proportion and the properties of repeated DHA sequences 

and in the mode of DNi sequence organization?

2. What is the molecular basis for the variation in the 

nuclear organization in plants? ' . '

The results from our v/ork are summarized as follows; r;':'.- > .

1. Reassociation kinetics of the sonicated D M s  ,(an average

fragment length of 550 np) of finger millet, great millet,

_2
pearl millet and rice were studied in the Cot range of 10 to 

10"̂  mol X sec/l. Computer analysis of D M  reassociation curves
I

was carried out in the case of finger millet, pearl millet and 

rice. DNA sequences reannealing by Cot 25 mol x sec/l in ■ 

finger millet, Cot 10 mol x sec/l in pearl millet, Cot . '

50 mol X sec/l in rice and great millet were considered to be 

repetitive. The proportion of repeated D M  sequences varied 

in the range of 49 - 54/̂  in all the four species, v v /

2. , The repetitive D M  fraction was arbitrarily divided into 

very rapidly reassociating D M  (reannealing before Cot 0.1

'• mol X sec/l), rapidly reassociating D M  (Cot 0.1 to 1.0 mol x

- sec/l) and intermediately reassociating D M  (Cot 1.0 to . .

respective limiting Cot values). The proportion of the very ,

i rapidly reassociating D M  in all the four species was in the 

range of 8*5 - 20.0?^. The kinetic complexity of this fraction 

was estimated only in the case of rice, and was 1,05 x 10^ np. 

The rapidly reassociating- fraction represented 7.0 - 18.5?^ of 

the genome with frequency of repetition and kinetic complexity 

in the ran^-p nf 1.S v 10^ -t-n 1 9 -v- i 'y v



' 4-3 X 10'̂  np respectively. The intermediately reassociating

JDNi fraction was the largest among the repetitive D M  fractions

and represented 21 - of the genome. The frequency of

2
repetition of this fraction was in the range of 1,4 x 10 -

■z S 6
1.0 X 10 with kinetic complexity a s 3 . 5 x 1 0  - 3 . 2 x 1 0  np,

3, From the respective Cot 1/2 of non-repetitive DNi the 

kinetic complexity of the genome of thcsL species was estimated 

as 1.6 X 10® - 1.2 X 10^ np or 0.17 to 1.31 pg.

4. Thermal denat-uration profiles of all the four, native, 

unsonicated DNAs were smooth and the Tms were 85.0°C in the 

case of finger millet and rice, 85,6°0 in the case of great 

millet and 88.6°C in the case of pearl millet. From the 

melting temperature values, the G + C contents were determined 

to be 38.5 to 47.0?^, The latter values compared well with those 

(38,37 to 48.0?^) obtained from spectrophotometric method.

N

5. Thermal denaturation studies of different repetitive Cot 

fractions of finger millet, pearl millet and rice were carried 

out. The thermal stability of different repetitive fractions 

in the case of finger millet was in the range of 70.8 - 73.6°C, 

and that in rice was in the range of 79.6 - 82.6®C, The 

melting profiles of these repetitive fractions were smooth.

Pearl millet Cot 0.1, 1,0 and 10,0 fractions showed a presence 

of high melting component in them. The average proportion of 

this high melting component was 9.3^ of the total genome. The 

melting temperatures of pearl millet repetitive fractions were 

in the range of 78,0 - 95,0°C,

6, V/hen the thermal stabilities of the repetitive DNA

3



fractions of finger millet, pearl millet and rice were compared 

with those of respective native, sonicated M A s ,  a lowering in 

the Tm values was observed. The lowering in the thermal stability 

of repeated D M  fractions indicated the presence of base 

mismatching in the range of 10.2 to 13.0^ in the case of finger 

millet, 3.8 to 9.0^ in the case of pearl millet and 0,8 to 3.8?^ 

in the case of rice.

7. Optical reassociation studies of Cot 1,0 DHAs of finger 

millet, pearl millet and rice revealed the presence of two 

kinetic components in the case of pearl millet and rice. The 

minor fast reassociating fraction which represented 28 to 35?̂  

of the total Cot 1,0 DMA, had a kinetic complexity of 330 to 

390 np. Reassociation curve of finger millet Cot 1,0 DNA 

fraction was different from the above two species in having only 

one DMA component with an average kinetic complexity of

7,7 X 10^ np. Close fit between the ideal curve for second 

order reaction and the experimental curve indicated the presence 

of only one distinct class of repetitive DKA in Cot 1,0 

fraction of finger millet.

8. Arrangement of repetitive and nonrepetitive DNA sequences 

in finger millet, pearl millet and rice was studied. These 

studies revealed the presence of interspersion of repetitive 

and nonrepetitive DNA sequences in the case of finger millet ■ 

and pearl millet and lack of interspersion at the fragment 

length of 6500 np in the case of rice. In the case of finger 

millet and pearl millet, 58?̂  and 77,5^ of the genomes, 

respectively, were interspersed. nuclease resistant 

repetitive duplexes of finger millet, pearl millet and rice DMAs



were sized on agarose (A50) colunm and by agarose gel 

electrophoresis. In finger millet^ 205?̂  of repetitive duplexes 

of length 4000 - 4200 np, Q̂ffo of 150 - 200 np and 2Qffo of 

intermediate size were interspersed with 1900 np long unique 

D M .  Only 18?S of the unique D M  was involved i-n interspersion. 

In pearl millet, 50^ of single copy DKA of length 1900 np was 

interspersed with repetitive duplexes of size 4300 - 4500 np.

The DI'IA sequence organization was uniq-ue in the case of rice.

No interspersion was observed at a fragment length of 6500 np. 

The proportion of high molecular weight (6000 - 6400 np) 

nuclease resistant duplexes was 35^ - 405̂  and that of very low 

molecular weight (less than 150 np) was 60 - 65f«. The DNA 

sequence organization patterns in these species were thus 

different from each other as well as from other plants studied ’ 

so far.

9. The information about the morphology of metaphase 

chromosomes and interphase chromatin was obtained by carrying 

out cytological studies. The number of chromosomes in finger 

millet, pearl millet and rice were 36, 14 and 24 respectively. 

They were metacentric and small. The interphase nucjear 

organization was of reticulate type and showed thin ohromonemata 

and a few chromooenters.

10, The histone patterns of finger millet, pearl mi^-let and 

rice were similar to some other Gramineae species such as 

wheat, rye,&'ib-arley» They showed presence of specific plant 

histones which were important in determining the retipulate 

organization of interphase nuclei. The molecular weights of 

these histones were in the range of 11',000 to 25|000 daltons

5



11, The low nucleax DKA content in finger millet, pearl millet 

and rice i/r'c® thus reflected in the small chromosome size, low 

repetitive DKA content and diversed DKA sequence organization,

12, If we compare the molecular data in finger millet, great 

millet, pearl millet and rice with the available data on wheat 

rye, oat and barley, it appears that in Gramineae there is

a decrease in nuclear D M  content as well as in the repetitive 

D M  content during evolution.
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REVIEY/ OF LITERATURE

IWTROUJCTION

Satellite and repeated M A  sequences have l3een identified 

approximately fifteen years "before, The presence of these 

sequences in eukaryotes created a great interest in studying 

their properties and in speculating their biological functions,
4

Determination of thermal denaturation and reassociation 

properties, buoyant density in CsCl gradients as well as in 

Cs2S0^ gradients containing and specific localization

on chromosomes by situ hybridization and behaviour towards 

the action of sequence specific restriction endonucleases are 

some of the most commonly used approaches to characterize 

satellite and repeated D M  sequences. These studies have 

yielded valuable information about their structural 

heterogeneity and kinetic complexity. The distribution of 

repeated D M  sequences with respect to single copy D M  

sequences has been investigated and as a result, two 

predominantly occurring patterns of D M  sequence organization 

have emerged.

This Laboratory has been engaged in carrying out 

cytological and molecular biological studies of plant genomes 

since last five years. Our main interest in this study is 

to look for a correlation among several factors such as nuclear 

D M  content, repetitive D M  content, structural organization 

of interphase chromatin and D M  sequence organization. In 

this thesis, data are presented on the analysis of D M s  of 

mainly three Gramineae species, namely finger millet, pearl



in this area with special reference to that in plants.

Concetit of repetitive DKA and satellite DIM in eukaryotes

The eukaryotic cell is characterized hy the presence of 

a true nucleus, consisting of chromatin ?>/hich is a complex of 

deoxyrihonucleic acids (DKA) and proteins in a condensed

(heterochromatin) or uncondensed (euchroraatin) form. The

occurrence of D M  in all the organisms imposed some hasic and

universal role on D M  in all the living cells. In the early

1940s, the first evidence of D M  "being the genetic material 

was obtained by Avevy, MacLeod and McCarthy (1944). Now, 

perhaps, it is the most widely accepted fact of genetics that 

D M  is the chemical basis of heredity; it stores genetic 

information and RNA helps cells in transmitting and expressin, 

the genetic information in D M .  As better knowledge of ‘ 

function necessarily follows from bettor knowledge of 

structure, biochemists .have been very much interested in 

understanding more about the structure of D M  and its  ̂ ,

organization in a genome.

iiccording to classical genetics, the eukaryotic chromosomes 

were considered to be a linear sequence of linked genes.

However, recent biochemical work has clearly indicated the 

presence of much more D M  than what appears to be required in 

terms of this simple model and this D M  is several times more 

complex than that of prokaryotes. The heterogeneity of this 

complex eukaryotic D M  was first extensively studied by 

Britten and Kohne (1966). In their studies on denaturation and 

reassociation of eukaryotic D M  they expected longer time for 

this D M  to reassociate as compared to that for prokaryotic

8
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'DM. In reality, however, they observed a large fraction of 

eukaryotic D M  reassociating many times faster than bacterial 

DNA at the same concentration, indicating the presence of 

'certain nucleotide pieces i:a many fold concentrations at the 

initial stage. This D M  was named as ''Repeated D M " ,  Presence 

of repeated D M  is the characteristic of all the eukaryotic 

JMAs with the exception of some fungi (Timberlake, 1978),

Britten and Kohne (1966, 1968) and Kohne (1970) in their 

pioneering work on reassociation kinetics of many eukaryotic 

D M s ,  classified repetitive D M  into two categories; highly 

repetitive and intermediately repetitive. This classification 

is dependent on their complexity and number of copies present 

(frequency of repetition) per genome. In general, highly - 

repetitive D M  is assumed to include all the D M  sequences ' 

reassociating by Cot 1 mol x sec/l and is repeated atleast

1,000 to 100,000 times or more. Intermediately repetitive DMi 

is the fcaction of the genome which forms duplexes in the Cot 

range of 1 to 100 mol x sec/l and is repeated 100 to 1,000 time 

i^ll the D M  sequences reassociating beyond Cot 100 mol x sec/l 

are considered to be mostly unique or single copy sequences 

which include the sites of classical genetic activity, that is 

the structural gene loci (fibroin: Suzuki .ct _al., 1972; globin 

Bishop and Il'eeman, 1973; Bishop and Rosbash, 1973; Harrison 

.et al,, 1974; ovalbumin: Harris ejfc , 1973), though not all

.unique D M  appears to function in this way (Davidson et al., 

1977), However, this classification of repetitive D M  is very 

broad and superficial. Later on, depending on the nature of 

the reassociation curve, different values of Cot are also used



as the limiting values for repetitive DNi\, such as Cot 10 

mol X sec/l (Narayan and Rees, 1976), Cot 50 mol x sec/l (Smith 

and Plavell, 1974; Walbot and Dure, 1976), Cot 10 mol x sec/l 

(Seshadri and Ranjekar, 1979; Wimpee and Rawson, 1979) and ‘

Cot 5 mol X sec/l (Wu £t al., 1977). Similarly, the highly 

repetitive DKA itself is also subdivided into different classes 

(Mitra and Bhatia, 1973; Smith and Flavell, 1975; Willey and 

Tunis, 1975). . , ... : ;C.

In many cases, the frequency of repetition of a certain 

nucleotide sequence is very high (Salser £t a l ., 1976) and its , 

base composition is different from the bulk D M .  This repetitive 

DMA fraction bands in CsCl gradient at a buoyant density. - 

different than that of bulk DIW (main band DRA) and is 

referred to as a "Satellite" DNA. This phenomenon was actually 

observed by Kit (1961) and Sueoka (1961) before the concept 

of repetitive DNi was put forth. In some cases satellite ' 

band(s) can be observed after binding of DK/i with antibiotics

(such as actinomycin D, netropsin; Kersten et , 1966; ,

Peacock £t , 1974; Votavova and Sponar, 1975; Dennis et al., 

1979), heavy metals like and Lg^ (Nandi ^  , 1965;

Jensen and Davidson, 1966; Corneo et ^ . , 1970a; Guille and 

Grisvard, 1971; Huguet and Jouanin, 1972; Filipski et ' '

1973; Liberman, 1973; Skinner and Beattie, 1973; Timmis
• \

e t ^ . ,  1975; Ranjekar et aa., 1976; Zardi et , 1977) 'or

Guanidinium (Enea and Zinder, 1975); followed by centrifugation 

in a CsCl or CsgSO^ gradient. Such satellite DIWs are called 

as "cryptic" satellites. However, the absence of satellite 

D M  in a density gradient does not necessarily mean the lack ,

3
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of highly repeated DNA sequences in a genome, ■;

In addition to these, some other techniques such as ■

methylated allDumin kieselguhr column chromatography (Cheng and ■ 

Sueoka, 1963; Corneo et , 1970c; 1972; Votavova and

Sponar, 1974-) and alkaline CsCl or CspSO^ gradient centrifugation 

(Corneo et , 1968; Flamui £t a^., 1969; Hatch and. Mazrimas, 

1974; Fillipski and Rzeszowskalvolny, 1974) are also used to 

isolate the satellite DNiis and their individual strands.

The satellites isolated hy these different techniques can , 

be lighter or heavier than the main band D M ,  Commonly , v-v 

occuring satellites are heavier or G + C rich and are reported ' 

in animals and plants (Beattie and Skinner, 1972; Curtain et al., 

1973; Beridze et al., 1973; Jlyres, 1978; Macaya et al., 1978 

Beridze, 1980a; 1980b), whereas less reports are available 

about lighter or + T satellites in animals (Corneo £t a l .

1972; Papaconstantinou et , 1972; Markham et a l . , 1573, 

and plants (Ingle _et , 1973; Capesius ^  Si* > 1975)^^^ ^ C|£; 

Occurrence of repetitive and satellite OT/i ; -;v. ■ -i' ^

In spite of the fact that the work on repetitive and 

satellite DKA of animals and plants started almost simultaneously, 

the data available for plants are comparatively less, The 

most probable reasons are - ( 1) the various components such as 

cellulose, hemicellulose, lignin and pectin make the plant cell- 

wall resistant to mechanical breakage and (2 ) possible .

contamination of cell organelles and other reserve food 

materials in plant cells hamper the pure nuclear pellet 

formation. -

The presence of different classes of repe'titive nucleotide
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sequences was demonstrated in a large numlDer o f  evolutionarily 

diverged animal species such as bovine (Britten and Kohne, 1968; 

Votavova et al., 1972,* 1973), human (Saunders et , 1972; :

Mitchell, 1974), rodent (Santigo and Rake, 1973; Holmes and ' .

Bonner, 1974), XeHop'Lls (Davidson et al., 1973), Chicken 

(De Jimenez et , 1974), sea urchin (Graham et a J . , 1974), 

amphibian (Baldari and /imaldi, 1976), Chironomus tentans (Sachs 

and Clever, 1972), silkworm (Gage, 1974), Brosophila (Manning 

_et a l . , 1975; '.Vensink, 1978), fish (Yladychenskaj^a et a l . ,

1975), Microtus agrestis (Yasmineh and Yunis, 1975), i^lgerian 

hedgehog (Willey, 1975), oyster (Kamalay et a l . , 1976), mouse 

(Cech and Hearst, 1976; Ginelli _et ^ . , 1977), loach and trout 

(Kupriyanova and Timofeeva, 1974), mouse, Syrian hamster and 

Chinese ham.ster (Rake, 1974), marine invertebrates (Weinblum ' 

et , 1973) and buffalo, sheep and goat (Mehra and Ranjekar, , 

1979; Mehra ejt ^ . , 1980). Necturus contains the highest ,

known value (905^) of repetitive DNii (Straus, 1971).

Likewise, extensive sti.dies were also carried out on 

satellite M A  in animal genomes using isop3'-cnic centrifugation 

in CsCl or Cs2S0^ (reviewed by Walker, 1971; Bostock, 1971;

Rae, 1972; /^ppels and Peacock, 1978; John and Miklos, 1979).

One of the first satellite D M  studied in detail was that of 

mouse (Waring and Britten, 1966; Bond e_t , 1967; Plamm _et ^  

1967; Corneo ejt , 1968; Schildkraut and Maio, 1968;

Walker et al., 1969; Yasmineh and Yunis, 1969; Salomon _et a l .,

1969; Henning and Walker, 1970; Mattocia and Comings, 1971;

Rae and Pranke, 1972; Sutton and McCallum, 1972; Sutton and 

Walker, 1972; Chilton, 1973; Markham et al., 1973 and ■■



Wintzerith et , 1973). This was followed by analysis of 

satellites in several other animal species, namely calf (Polli 

et al_., 1965; Yasrainch and Yv^is, 1971', Pilipski ê t , 1973; 

Votavova and Sponar, 1974| Votavova ejt > 1975; Thiery / 

f 1976; Roizes, 1976; Cortadas et _al., 1977; Macaya 

et , 1978), Drosophila (Laird and McCarthy, 1969; Gall ejt 

1971; Henning, 1972a; 19721d; Travaglini et al., 1972; . , . _
'V-■'•y

Blumenfeld ^  > 1973; Peacock e_t , 1974; Gall and

iitherton, 1974; Schweber, 1974; Cordeiro £t , 1975;

Endovi' e t  f 1975; Birnboim and Sederoff, 1975; Brutlag 

> 1977), human (Giacomoni and Corneo, 1968; Corneo 

1970b; 1971; 1972; Ginelli and Corneo, 1972;

Chuang and Saunders, 1974), sheep and goat (Curtain £t ' ,

1973; Forstova et , 1979), guinea pig (Corneo et a l .,

1968; 1970a; Plamm et al., 1968), .'crustaceans (Brodzicki,

1969; Skinner et al., 1970; Skinner and Kerr, 1971; Gray 

and Skinner, 1974; Skinner and Beattie, 1974), kangaroo rat 

(Hatch rnd ’'^azrimas, 1970; 1974; Mazrimas and Hatch, 1970;

Bostock ejt al., 1972; Prescott et al_., 1973 ; Fry £t a l . ,

1973; Dunsmuir, 1976), chicken (Ayres, 1978; Cortadas et a l . , 

1979), sea urchin (Stafford and Guild, 1969; Sponc.r et al., 

1970; Mistra, 1978), whale (i^rnason et al., 1976), fish 

(Hudson et , 1980) and some other mammals (Arrighi et al., 

1970; Prosser et , 1973).

In contrast to animals, the information about the plant , 

genomes is much more limited. From the data available so far, 

it can be generalized that plant genomes contain a higher 

proportion (40 - 855^) of repetitive m L (Flavell et al., 1974) '

-1 ^



as compared to that in animal genomes, _ /i few plant species 

such as wheat, oat, rye and barley belonging to the family 

Gramineae show very high percentage of repetitive DN/i which is 

approximately 80?^ (Bendich and IlcCarthy, 1970a5 Mitra and 

Bhatia, 19,73; Smith and Plavell, 1975; Ranjekar et , 1976)» 

On the contrary, a few dicot species such as Vigna radiata 

(Murray _et , 1979), Phaseolus mungo (Seshadri and Ranjekar, 

1979) show a low repetitive DI'Lj content of 35^. The repetitive 

DW/i contents in different plants species are summarized in 

Table 1.1, As observed from this Table, the fungal genomes 

show comparatively low repetitive D M .  Neurospora crassa,, 

for example, has only 10.0 - 15.0% repetitive JMl (Chaudhuri 

and Lutta, 1976; Krmlauf and Marzluf, 1930) and /ispergilug^ 

nldulans has only 2.0 - 3.0^ repetitive DNA (Timberlake, 1978) 

which is very unusual in eukaryotic genomes.

The presence of nuclear satellite DK/j has also been 

observed in a number of plant species (reviewed by Goudray 

ejt al,,1970 and Nagl, 1976). The primitive plant species such 

as yeast cytoplasmic petite mutant (Bernard! e;h , 1968), 

Saccharomyces cerevisiae (Stevens and Moustacchi, 1971), some 

unicellular algae (Gense, 1971) and Chlorella pyrenoidosa 

(Bayen and Rode, 1970) were first studied to show the presence 

of satellite DKA. The credit of first analysis of higher 

plant DNA by isopycnic centrifugation in neutral CsCl gradients 

goes to Beridze (1972). Later on Beridze (1975) and Beridze 

et a l . ( 1973) carried out extensive work on six Phaseolus 

and seven Brassica species, where the buoyant density of 

satellite D M  in the S D e c i e s  belonffina- to the same f^enus sho\;ed

11.
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TalPle 1 »t Repetitive DM content of different-plant speoios

Plant species Repetitive DKii 
cor tent

Reference

Fungi

Dictyostclium discoidium 

Physarum polycophaluiji 

Achlya

■Aspergillus nidulans 

Neurospora orassa

Phycomyccs sp. 

Saccharomyces _ccreyis ia_e 

chizophylli;)ni conpiune 

'̂Igae

Blue green algae 

Euglena gracilis 

Pteridophytes 

Deer fern

Osmunda (3 species)

Parsley fern

Gymnosperms

Conifers

30.0

45.0

18.0

■ 2.0 - 3.0

10.0 - 15.0

30.0

13.1 

< 5 . 0

, 5.0

73.5

50.0

50.0 - 60.0

50.0

40.0 - 50.0

■Angiosperms (Monocotyledons) 

illli-um (7 species) 44.0 - 60,0

Dafodils RO.n

Firtel and Bonner, 1972.

PouT_Liet et a l ., 1974

Hudspeth £t a l ., 1974

Timberlake, 1978

Chaudhuri and Dutta, 
1976; Krmlauf and 
liarzluf, 1980.

Duscnbcry, 1975.

Lauer et al., 1977.

Dons and ''essels, 1980.

Robertis, 1977.

Rawson £t al., 1979.

Bendich and /mderson, 
1977.

Stein and Thompson, 
''975.

Bendich and iinderson, 
1977.

Miksche and Hotta,
1973.

Ranjekar e^ a l »> 1978b. 

"Rpriflioh anfl Anr^rrsnn.
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Plant species Repetitive D M  
content °h

Reference

Lilium hemjfi

Drchids such as Brassia 
Jattleya, Cymliid'lligTand 
Phalenopsis

Pearl millet

Poa annua

Poa trivialis

Bcilla sibrica

■7hGat, oat, rye and 
barley

60.0

45.0

69.0

87.0 

82.0 

40.0 -

70.0 - 83.0

^ea mays 78.0

lng;iosperms (Dicotyledons)

anemone sp,

iTtichoke

Beans

I!u cumber

::ichoreae (11 species) 

>ossypium hirsutum

jQssyplum thurberl
&ossypium arboreum

jathyrus (9 species)

^ea

53.0 - 67.0

45.0 

40-0- 70.0

55.0

42.0 - 74.0

40.0 - 50.0

56.0 - 72.0

65.0 - 75.0

Smyth and Stern, 1973. 

Nagl and Gapesius,- 1977.
/

’■'impee and Rawson, 1979.

Plavell and Smith, 1975.

Plavell and Smith, 1975.

Stanziano and Maggini, 
197G.

Bendich and McCarthy, 
1970a| Ranjekar et al,, 
1974; 1976; Smith and 
Flavell, 1975.

Plavell and Smith, 1975.

Cullis and Schweizer,
1974.

Nze-Ekekang et , 1974.

Ohooi, 1971; Straus, 
1972; Gnucheva et al.,
1977. ““

Ranocka-r et , 1978c.

Bachmannand Price, 1977.

Walbot and Dure, 1976; 
Wilson et al., 1976.

50.0 - 60.0 '7ilson et al., 1976.

Narayan and Rees, 1976.

Sivolap and Bonner, 1971; 
Murray et ^ . , 1978; 
Pearson et al., 1978a;b.
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Plant species Repetitive D''"̂
content io

Reference

Phaseolus (4 species)

\
Radish

SoylDean

Tobacco

Tropaeolum majus 

Umbelliferae (Parsley)

35.0 - 47.0

45.0

60.0

70.0

70.0

50.0 - 70.0

Seshadri and Ranjekar, 
1979; 1980a.

Ranjekar et , 1978c.

Goldberg, 1978;
Gurley e_t , 1979.

Zimmerman and Goldberg,
1977.

Deuraling and Nagl, 1978.

Kiper and Herzfeld,
1978.

V igna radiata 35.0 Murray et al., 1979.



a similarity. Further’Tiore, the proportion of satellite D M  

was shown upto 37 /̂a in Bras^i_ca and Phaseglus plant species.

In 1973, Ingle et al., scanned a large number of plant species 

fro'Q a wide spectrum of families for the presence of

satellite IMA. It was shown that the satellite D M  is scattered 

throughout the angiosperm families in an irregular fashion.

Among Magnolidae, it is present in DiriTnys but absent from 

Magnolia and Ranunculus. In cucurbitaceae, prominent satellites 

were found in Cucumis, Gururbita, C itrullus, Bryonia, Lagenaria 

and Luffa but not in Ilomordica. In Cruciferae, satellite DN/i 

was found in Lobu lari a. and Raphanus. In Rutaceae, conspicuous 

satellite peaks appeared in the DN/i of Citrus and Fortunella 

but not in Choisya or Sklmma. Other families containing some 

genera having satellite D M  and some v;ithout it are Leguminosae, 

Solanaceae and Compositae. In the genus L inum, it was found 

li* 'usltatissimum but not in L. grand if lor u m . Some of the 

other plant species which showed the presence of satellite D M  

in neutral CsCl gradients ar-“ Armx and Carrot (Ohyaraa et , 

1972), cotton (/iripdzhanov e_t ^1., 1976) , Citrus lemoni 

(Beridze, 1930b), cucumber and flax (Timrais and Ingle, 1977), 

cucumber and radish (Kadouri _et _al., 1975; Ran jekar _et a 1., 

1978c), Cymbidium (Capesius et §1 ., 1975), pea seedling 

(Broekaert and Van Pari,is, 1975), Phaseolus vulgaris (Bragvads&e,

1974) and Tropaeolum ma,-jus (Deumling and Fagl, 1978).

From the above data, it can be easily stated that 

monocotyledons as against dicotyledons in general, do not 

show satellite bands in a CsCl density gradient. The orchid 

Cymbidium is the only monocot which shows a satellite in CsCl

18
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gradient (Capesius ejt a ^ . , 1975). However, cryptic satellites - 

have iDeen observed in number of raonocots (Deumling et , 1976). 

Satellite mi> in .*g"7Cs2S0^ density gradient was first observed 

in wheat (Huguet and Jouanin, 1972). Later on, the cryptic 

satellite DNi'i in wheat was detected by niany research workers in 

cither or .'l.g"^/Cs2S0^ gradients (Deumling e_t , 1976;

Ranjekar et al., 1976; Peacock _e_t al., 1977a; 1977b). In 

barley, two, satellites were observed in .'!.g'*'/Cs2S0 ^ density . 

gradients and one satellite was noticed in Hg'^'^/CSgSO^ gradients 

(Deumling _et , 1976; Ranjekar et 1976, Peacock e_t al.,

1977b). The cryptic satellites were also noticed in rye 

(/^ppels ejt , 1973) and sibrica (Tinmis e^ .a-i:*» 1975).

i\nalysis of satellite DN/js in species such as rauskmelon 

(Bendich and i'lnderson, 1974j Bendich and Taylor, 1977), melon 

(Sinclair et al., 1975), Scilla sibrica (Timmis et al., 1975)> 

tomato (Chilton, 1975), french bean (Beridze and Bragvadze,

1976), Cymbidium (Capesius, 1976), flax and cucumber (Timmis 

and Ingle, 1977), barley and wheat (Ranjeka= _et , 1978a) and ■, 

cucumber and radish (Raniekar et al., 1978c) by thermal 

denaturation and optical reassociation kinetics measurements 

have revealed the presence of atleast two DJIA components 

varying in Tm values and kinetic complexitjr. The satellite 

DN/is of nuclear and chloroplast origin have- also been compared 

in higher plants and the differences in the characteristics of 

melting temperatures are shown (Pascoe and Ingle, 1978).
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Recent approaches used in developing the snb,1ect of repetitive 

PITA and satellite D M

(a) Thermal denaturatlon and buoyant density

Thermal denaturation and isopycnic centrifugation in CsCl 

or Cs2S0^ .gradients are t'vo important basic techniques used 

for the characterization of D M .  Thermal denaturation studies 

give a valuable information concerning the G + C content and 

the base composition heterogeneity of D M  (Mandel £t , 1968). 

Likewise, CsCl or Cs2S0  ̂ centrifugation yields the buoyant 

density of a given D M  preparation from which G + C content can 

be estimated (Mandel and Marmur, 1968). These two parameters 

do not seem to differ much among different species within the 

same genus (Beridze et a ^ . , 1973; Beridze, 1975; 1980b;

Dutta et , 1976; Levings et al., 1976; Subramanyam and 

Azad, 1978; Ranjekar £t al. 1978b),. Similarities between, 

buoyant densities and melting temperatures within a genus 

reflect the similarity of the base composition of their D M .

The difference in the G + C content from the melting temperature 

and buoyant density implies the presence of 5-methyl cytosine 

in the D M  molecule. Presence of lfo methylated cytosine is 

known to lower the buoyant density value of D M  by about

0.001 g/cm^ (Kirk, 1967). Unequal distribution of 5-methyl 

cytosine has been shown in case of runner bean and lemon satellii 

D M s  (Beridze, 1980b). Lemon satellite shows a presence of 

as high as of 5-raethyl cytosine in its D M  molecule

(Beridze, 1980b). The repetitive D M  of many animal species 

is analysed using these two techniques (Human: Britten, 1968;

Saunders et al.. 1972: Calf; 'RrittKn and Fimith.
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o t a v o v a e t ^ . ,  1970; 1972; 1973; few Microtus species;

asmineh and Tunis, 1971; 1973; Xenopus; Davidson and Hough, 1971;

mphi'bians; Straus, 1971; Itrosophila; Laird and McCarthy,

969; Wu ^  , 1972; Nassaria; Davidson a l . , 1971;

■hynchosClara; Balsamo et al., 1973). Relatively less 

nformation is available on the characterization of plant 

■epetitive DKAs. Thornburg and Siegel (1973) for example, have 

ihown the presence of two or more classes of repetitive 

lomponents in four plant species by isopycnic centrifugation of 

:heir repetitive DlIAs in neutral CsCl gradients, Nze-Ekekang 

Li (1974) have revealed the occurrence of two rather

8
lomogeneous fractions with an average complexity of 2 x 10 

g
ind 10 daltons, respectively, in Jerusalem artichoke repetitive 

)NA. Smith and Plavell ( 1975) isolated a very rapidly 

'eassociating fraction (Cot 0.02 mol x sec/l) and a heterogenous 

.ntermediately reannealing fraction from wheat genome and 

iharacterized them by studying their denaturation-reassociation 

)roperties. Ranjekar et al.(l9 7 4 ; 1976) isolated three

'epetitive fractions as Cot 0.01 mol x sec/l. Cot 0.01 to 1,0 

lol x seo/l and Cot 1.0 to 100 mol x sec/l from rye, barley 

m d  wheat and studied isopycnic centrifugation pattern in 

leutral CsCl gradients and thermal denaturation properties.

3achmann and Price (1977) have reported the analysis of 

?epetitive DNA in Cichorieae and have demonstrated the presence 

)f two distinct fractions of repetitive DNii in eleven plant 

species. In tobacco, (Zimmerman and Goldberg, 1977) three 

Jiscrete repetitive DNA fractions have been described.

^ronertiea of rRnptitivp T)NA fT*ar‘-h lon.Q nf cjotron sjnor*i pc;



-ere studied by isopycnic centrifugation in neutral CsCl 

gradients and by thermal denaturation (Ranjekar £t 1978b).

In situ localiaation 

iiccumulation of more and more information on repetitive ■, '

)¥.A and satellite D M  components necessiated its localisation,

^  situ on chromosomes, in order to assess its role in 

;bromosome organization. The first success'ful attempt which i 

.ed to a \vorkable procedure was made by Gall and Pardue 

Gall and Pardue, 1969; 1971; Pardue and Gall, 1969? 1970

tnd Pardue et ^ . , 1970). In this technique, D N A / D M  or D K A / R M  

lybridization is carried out. D M  molecule embedded in the 

lucleus or the chromosome is first fixed on the slide, and is 

mown as 'receptor D M ' .  The other component, either D M  or 

LM which has to be localised is in the solution form and is 

‘adioactive. Then the hybridization between these two ,

:omponents is carried out at proper conditions and the hybrid 

lolecules are localised by autoradiography.

The first satellite D M  localised was that of mouse and 

,t was found to be exclusively in the centromeric heterochromatin 

' f  all the chromosomes except Y chromosomes (Pardue and Gall,

970; Jones, 1970; Jones and Corneo, 1971). Similar studies 

n other animal species namely guinea pig (Tunis and Yasmineh,

970), Drosophila (Jones and Robertson, 1970; Gall £t 1971),

'ly (Eckhardt, 1970), Calf (Yasmineh and Yunis, 1971; Kurnit 

jfc ^ . , 1973), salamander (MacGregor and Kezer, 1971), 

hynchosciara hollaenderi (Papaconstantinou et a l ., 1972;

;ckhardt and Gall, 1971), huipan (Arrighi and Hsu, 1971; Chen 

.nd Ruddle, 1971; Yunis _et ^ . , 1971; Jones ejt , 1973; 1974;

22
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Marx ^  , 1976), iDircls (Brown and Jones, 1975) and Tritur^js

cristatus (McGregor, 1979) have shown the localisation of 

satellite DNA.either in centromeric heterochromatin or to
%

wholly heterochromatic arms. The satellite DNA components \vhen 

masked by main band DNA are difficult to resolve. However, all 

the eukaryotes contain repetitioi^s sequences which can be 

isolated by reassociation kinetics. These sequences can also 

be localised by using- in £ijtu hybridization technique. This 

type of work is carried out in Drosophila (Rae, 1970; Botchan 

e_t al., 1971) and mammals (.Arrighi £t , 1970; 1971;

Saunders et , 1972; Ahnstrom and Natarajan, 1974) and 

demonstrates the location of repetitive DI'IA, especially the 

highly repetitive DWi in constitutive heterochromatin. A 

review article by Eckhardt (1975) summarizes the use of in situ 

localisation technique in number of organisms and represents 

the respective locations of repetitive DI'IA.

The relatively small size of chromosomes in plants 

containing satellite D M  and the inherent irapermeability of 

plant cell walls to various chemicals and radioactive materials 

have frustrated the earlier attempts to localise satellite DlIA 

in plant chromosomes (Timmis ^  al., 1975). The first plant 

species studied for situ localisation was that of Scilla 

sibrica where it was shown that the satellite DKA was 

distributed on the heterochromatic regions of the chromosomes 

(Timmis _et , 1975). In Vicia faba it is shown that 

satellite DNA is more generally spread over the nuclei and the 

chromosomes (Timmis ^  a l . , 1975). Similar studies in 

Cymbidium (Nagl and Capesius, 1977) and Tropaeolum ma.jus
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(Deumling and Nagl, 1978) have revealed the location of satellite 

DM preferably in the regions of the heterochromatic chromocentres 

and at the nucleolar organizer regions respectively. In rye, 

the highly repetitive DlIA (Cot 0.02 mol x scc/l) v/as isolated and 

shown to be localised mainly within C-bands near the distal ends 

of most chromosome arms (Appels e_t , 1978). Prom the above 

data it can be concluded that satellite M A  and highly repetitive 

D M  in both plants and animals are generally localised at the 

heterochromatin blocks, in the regions of centromere, nucleolar 

organizer and telomeres of the chromosomes (Tunis and Yasmineh, , 

1971). The elucidation of the relation between satellite WA 

and heterochromatin permits some conjecture concerning the origin 

and function of this significant portion of the genome of higher 

organisms (Yunis and Yasmineh, 1971; Sharma, 1978). Satellite 

D M s  possilbly have evolved in eukaryotes in response to increase 

in genome size and the complexity of chromosomal and nuclear 

organization of cell. The specific location of satellite DNAs 

indicates their possible functions such as genetic regulators, 

spacers and mutation accumulating loci (Sharma, 1978). Thus, 

in situ hybridization serves as one important link between 

molecular biology and cytology.

(c) DNA-DWA hybridization

Traditional classification of plants is based mainly on 

morphological characters. Nowadays, besides morphology, 

evidence from protein analysis, secondary products (reviewed 

by Turner, 1969) and cytogenctic analysis are also considered 

when establishing relatedness and divergence among different
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rc-lationships is the analysis of IMA sequences themselves.

DIlA-DflA hybridization has proved useful for stud;/-ing the 

taxonomic relationships and evolutionary patterns. The D M  ■ 

sequences common between tv̂ o organisms are detected by this 

method. In this techniques, labelled D M  of one species is 

mixed with an excess of D M  from another species and they are 

denatured by raising the temperature (thermal denaturation)..

The separated strands are then allo'ved to reassociate, at the 

appropriate temperature and salt concentration, to form a- 

duplex. During such reassociation the separated strands of one 

species can react vvith those of another, provided there is 

homology in base sequences. The thermal stability of the 

hybrid D M  is taken as a measure of phylogenetic relatedness 

of two organisms in question (Schildkraut et , 1961) or as 

an indication of conservation of sequences related to essential 

biological functions (Shearer and McCarthy, 1970; Whiteley et al.< 

1970). f

This approach has already been applied to several species 

of related and unrelated plants (Bendich and Bolton, 1967), four 

species of Gramineae (Bendich and McCarthy, 1970a; Smith and 

Flavell, 1974), four biotypes of wheat (Bendich and McCarthy, 

1970b), six species of Vicia (Chooi, 1971), three species of 

Osmunda (Stein and Thompson, 1975), four species of itriplex 

(Strong and Thompson, 1975) and a few species of Lathyrus 

(Faxayan and Rees, 1977) and Cucurbita (Goldberg _et al., 1972). 

D M - D M  hybridization in four Gramineae species was used to 

recognise different groups of repeated sequences and to 

distinguish different chromosomal regions atleast 10,000 base
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pairs long, which did not possess repeated sequences in common. 

Crude maps of sequence organization for almost all the WA in 

the iDarley and oat genomes are produced (Rimpau e_t , 1980). 

This study reveals that each species has its own type of ; 

repeated sequences which appear to have arisen after the species 

diverged from a common ancestor (Flavell _et , 1977). 

Ultimately, in Gramineae, the phylogenetic relationship that has 

■been derived from morphological analyses, was confirmed and' it 

was concluded that the amount of repeated fractions held in 

common diminishes with taxonomic separation of the species 

(Flavell et , 1977).

The hypothesis that repetitive D M  arose during a short 

period of evolutionary time (talker, 1971) and that single copy 

DKA (unique sequences) held a better palaeontological record 

(Kohne, 1970) than repetitive D M _ has led several investigators 

to prefer the use of single copy Mii for phylogenetic analysis 

(ingerer et , 1976; Rice and Paul, 1971; Belford and 

Thompson, 1976). Thus contrary to the evidence from 

hybridization using repetitive D M ,  an equivalent study 

involving single copy D M  among the four species of .A trip lex 

gave support to the traditional concept of the phylogenetic 

relationships between them (Belford and Thompson, 1976).

(d) Use of restriction endonuclease

Use of restriction endonucleases is an important tool 

in gene isolation, D M  sequencing, genetic engineering and 

characterization of satellites. Botchan et ^.^1974-) has 

shown that one of the mouse satellite DNAs has repeat length 

between 500 and 2000 base pairs. Further work on mouse was
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done by Hoerz et al. (1974), Hoerz and Zachau (1977), Bernstine 

(1978) and Heller and /jrnheim ( 1980). Some other species such 

as hovine (Mowbra^j^' et , 1975; Phillippsen ejfc , 19751 . • 

Lipchitz and ilxel, 1976; Kopecka et al_., 1973), guinea pig i;

(i'iltcnb'urgcr et aJ.., 1977), rat (Fuke ^  , 1979), -fipodcra-us

(Cooke, 1975), monkey (Pittler, 1977), Drosophila (Shan et a l . , 

1976; Endow, 1977; Kirsch and Cohen, 1980), sheep and goat 

(Porstova ^  , 1979) and human (Manuelidis, 1976; 1978)

are also analysed in detail ty using a number of restriction 

endonucleases.

Restriction endonucleases Bsp I and Hpa II which recognize 

G- + C rich cleavage sites attack runner bean and black mustard 

satellites in more or less similar manner as compared to Icnon 

satellite (Beridze, 1980b). Bsp I cleaves lemon satellite Dllii 

extensively, yielding bands and high periodicity; whereas the 

same DNi\ preparation is completely resistant to Hpa II indicating 

the occurrence of m'C in lemon satellites (Beridze, 1980b),

Long range periodicities after endonuclease action are observed 

in bean and black mustard satellites (Podor and Beridze, 1980), 

whereas lemon shows short range periodicity (Beridze, 1980b). 

Recently restriction endonuclease analysis of a monocot lily- 

DMA (Sugiura and Hotta, 1980) is also reported.

Pold back sequences

One important fraction of repeated sequences, organized in 

inverted register in the genome, is called as palindromic, fold 

backy hairpin or zero-time binding DWTi (Wilson and Thomas,

1974). This DNii is easily separated from the remaining 

fraction of eukaryotic DN/i due to the special property of
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denatured fold back sequences to reascociate instantaneously. 

Intra-molecular base pairing between the complementary sequences 

of the inverted repeat takes place (V/ilson and Thomas, 1974) and 

because of this hig;hly characteristic appearance, they are 

identified very easily in electron microscopy (Cech and Hearst, 

1975; Deininger and Schmid, 1976; Bell and Hardman, 1977). 

novel structure of fold back sequences with a more complex 

appearance is also detected. These 'bubbled' hairpins are 

formed by reannealing of many distinctly apart homologous 

segments of inverted repeat sequences, separated by interspersed 

non-fold back sequences of various sizes (Hardman e_t , 1979).

The presence of inverted repeats has been shown in lower 

eukaryotes (Engberg and Klenow, 1977; Hardman and Jack, 1977; 

Borchsenius £t , 197S; Klein and Welch, 1930; Krmlauf 

ejt , 19S0), animals (Davidson et a l . , 1973; Cech and Hearst, 

1975; Szala £t , 1980) as well as in plant genomes such as 

wheat (Huguet et , 1975; Smith and Plavell, 1975; Bazetoux 

£t al., 1978), rye (Smith and Flavell, 1977), Cotton (Walbot and 

Dure, 1976), tobacco (Zimmerman and Goldberg, 1977), pea 

(Murray £t a 2 ., 1973) and soybean (Gurley ejt , 1979). The

amount of palindromic sequences varies in the range of 1,5^ '

(Bazetoux _et a l . , 1978) to 6^ (Dott et a ^ . , 1976) in animals 

and plants. The distribution of inverted repeats on the genome 

can be of four typesi randomly distributed over all of the 

genome; distributed over all of the genome with uniform spacing; 

clustered in some fraction of the genome and clustered and 

spaced uniformly or randomly on the genome. In the case of 

Xenopus (Davidson £t , 1973), sea urchin (Graham £t a l . ,
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f Trlturus ('7ilson and Thomas, 1974), Drosophila (Schmid
I

» 1975), '̂lollijsc (iingerer e_t a l ., 1975), they are

interspersed with either repetitive KIA or single copy DNi\ and

are scattered throughout the genome. î The examples of clustered

inverted repeats are mouse (Cech and Hearst, 1975) and man

(Wilson and Thomas, 19741 Deininger and Schmid, 1976). iimong

plants, the distribution of fol.d oack sequences is somewhat

similar to that in animal genomes. In wheat (Smith and Glavell,

1975) for example, the proportion of zero time hinding fraction

.increases with increase in fragment length due to the presence

of single strand tails on the fold back duplexes. These

sequences are shown to be spaced throughout atleast 2(yfo of the

genomes and are probably clustered in groups. In cotton

(Walbot and Dure, 1976), fold back sequences occur: in a quasi-

clustered arrangement.

The role of palindromic sequences in the eukaryotic genomes

has become clear now. They serve as binding sites for regulatory

proteins (Dickson _et al., 1975; Iferlix and Horaist, 1975),

cleavage sites for the restriction enzjones (Kelly and Smith, 
for

1970) or/the processing of nuclear RN/i (Dunn and Studier, 1973), 

These sequences in D;:/i arc transcribed into RNii. Ribosomal R M  

as well as heterogeneous nuclear R M s  from mammals have been 

shown to contain a few percent of fold back sequences (Wellauer 

and Daw id, 1974; Jelinek a a . , 1973; Ryskov et , 1973). 

Inverted repeat sequences appear to be important in biological 

events vMhich involve transposition of genetic material (Cohen, 

1976; Ohtsubo and Ohtsubo, 1976; Deonier and Hadley, 1976; 

Wuilmart et a J . , 1977).
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Functions of. repeated and satellite DTIi\

Since a substantial proportion of repetitive DN/i has "been 

shown to be present in all the eukaryotes, it is naturally 

assumed that it has sone fundamental role in nuclear activities. 

The exact function of repeated D M  is unclear and many 

suggestions have been made.

First, it was thought that repeated DF/i is made locally for 

the process of differentiation. But this theory has been ruled 

out as all cells of the same organism have the same DN/i 

composition and repetition (V/illey and Tunis, t975.; Dc Jimenez 

et al., 1974). Britten and Davidson (1971) and Bishop and 

Freeman ( 1973) suggested the role of repetitive DWii in the 

expression of the rest of the genetic DNii by some switching 

'on' and 'off controlling mechanism. These reports supported 

the idea that they are redundant and inert as far as the genetic 

flow of information is concerned (Ohno _et , 1957; Jones,

19705 Pardue and Gall, 1970; Yasmineh and Tunis, 1970). 

However, mRNii for histone proteins . has bce i shown to bo 

transcribed from repetitive D M  (Weinberg et a l .,- 1972). 

Furthermore some other m R M s  have been isolated from various 

tissues, which are traioscribed from repetitive D M  (Greenberg 

and Perry, 1971; Goldberg et , 1973; Firtel and Lodish, ■ 

1973; Bichop e_t , 1974; Campo and Bishop, 1974; Galau 

1974; Klein et a_l., 1974; Spradling ^  a2 . , 1974; 

Davidson et , 1975). The repetitive D M s  have also been 

found to code for non-translatable R M  (Lima-de-Faria ^  •

1975) and vR M  (Price, 1976; Lauer ^  al., 1977; Timberlake,

1978). Mazrimas and Hatch (1972) revealed that a heavy



satellite of Geocarcirms lateralis is transcribed during certain 

stages of the moult cycle. • V/alfcer (1971) has suggested the 

|30ssible role of repetitl-ve and satellite D M  in chromosome 

replication, chromosomc folding and chromosome pairing.

Chromosomal specificity of so,tcllite DN/i is important in 

homologous chromosomal recognition in the cell (Brutlag and 

Peacock, 1975). The amount and kind of hetorochromatin can 

alter the firmness of attachme nt of centromere to spindle 

proteins and reduce chances of chromosomc loss. Such sequences 

also perform some mechanical role of "house keeping" and are 

involved in arranging functional sequences in relation to highe: 

order chromatin structure (talker, 1978). Nagl (1978) has 

proposed that repeated sequences are important in evolution and 

speciaiion. According to him,, non-coding, simple, highly 

repeated sequences may be involved in ontogenetic differentiation 

and phylogenetic diversification. It is thus concluded that the 

genetically inert, highly repetitive "chromosome engineering 

Mil'’ controls both the gross morphology of Icaryotypes and 

chromosomes and their evolution.

DM/i sequence organization in eukaryotic genomes

The occurrence of repetitive and non-repetitive DN/i 

fi*actions in all the higher organisms without exception raised 

an interesting question of organisation of these sequences in 

the eukaryotic genomes. Discussions of gene regulation and 

chromosome structure resulted in specific predictions regarding 

the arrangement of repetitive and non-repetitive sequences 

(Callan, 1967; Thomas e^ a]^., 1970; Crick, 1971; Britten 

and Davidson, 1969; 1971), Evidences to show the interspersion
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of repetitive .and unique sequences were collected.

(1) By the increasing proportion of DN/i binding to hydroxy- 

apatite at low Cot values v^ith BNA fragments of increasing 

length (Britten and S’̂ith, 1970; Da-yidson et ^1., 1973,

Graham et al_., 1974).

(2) By electron microscopy of reassociated WA (Vu _et a l .,

1972; Bonner _ct al. , 1975; Manning £t ajL., 1975).

(3) By inference from the presence of hoth repetitive and 

non-repetitive sequences transcribed into the same RITii molecule 

(Firtel and Lodish, 1973).

(4) By CsCl equilibrium sedimentation ( K r a m ^ t  al., 1972).

Pirst two are the most widely used methodologies for studying 

DNi\ sequence organization. To this date, many animal and plant 

species have been studied in this respect. In all these specie 

most of the repetitive D M  sequences are Organized with an 

alternating arrangement of repetitive DMi and non-repetitive 

DI'Tili sequences. However, the lengths of the interspersed

repetitive and non-repetitive DNii sequences are observed to be
\

different. The most commonly observed pattern of genome 

organization among e u k a r y o t e s k n o w n  as short period inter- 

spersion was first observed in Xenopus (Davidson ^  a l ., 1973). 

This is characterized as repeated W1 sequences 300 - 400 np in 

length in-cerspersed with single copy D M  sequences 800 - 1500 np 

long (Sea urchin; Graham £t , 1974; Davidson ejt , 1974j 

Vorobev and Kosjuk, 1974; Galau et al . , 1976; Lee et a l . ,

1977; Rat: Bonner et , 1973; Paj'-s and Ronsse, 1975; Wu

pJi 1977; Pearson et al., 1978b; Marine invertebrates:

Goldberg et , 1975; Human; Deininger and Schmid, 1976;



Ginelli and Corneo, 1976; Houck et al.., 1978; 1979;

.'.mphibians: Bozzoni and Beccari, 1978). A striking exception

to the 'Xenopus pattern' was found in Droso'nhila (Manning ejt a l ., 

1975; Schmid et aj.., 1975; Crain £t al., 1976b), honeybee 

(Crain ^  > 1976a) and Chironomus tentanuj (’Yells et al , ,

1976), In the 'Drosophila pattern’ or 'long period ^

interspersion pattern', single copj^ D M  sequences extend for as 

long as 10,000 np without interruption by repeated sequences.

The average repeated D̂ Î i sequence length in Drosophila is 

5600 np with a small fraction less than 500 np. Minimal genomes 

showing short period interspersion pattern also exhibit a small 

proportion of long period interspersion pattern (Xenopus;

Davidson £t , 1973; Sea urchin: Graham _et , 1974 and

Molluscs lingerer et , 1975; /.ngerer and Hough-Evans, 1977). 

An intermediate organization pattern has been reported recently 

in the case of chicken (Arthvr and Straus, 1978; Eden and 

Hendrick, 1978), where the length of interspersed repetitive 

DNii is 2000 - 3400 np and that of unique D M  is 4500 np. Some 

other animals such as mouse (Cech e_t a2., 1973; Cech and 

Hearst, 1975; 1976; Ginelli ^  , 1977), nematodes

(Schachat ejt , 1978; Beauchamp et ^ . , 1979), birds 

(Epplen ot a l , ,1978), housefly (Efstratiadis et , 1976) and 

Syrian hamster (Moyzis et a^., 1977) are also studied in detail 

for D M  sequence organization.

As compared to animals, less information is available 

about the plant genome organization. However, the Information 

regarding the organization in plant genomes is very important. 

Higher plants offer an unique approach to the study of eukaryotic
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gene expression due to the fact that single cclls can ho 

programmed to differentiate into mature plants (Street, 1973)» 

Different plants studied for their W.h sequence organization 

pattern are fungi (Firtel and Kindle, 19751 Hudspeth, 1977|

Dons and Wessels, 1980; Hardman et a J , , 19S0), cotton (Walhot 

and Dure, 1376) , Phas^o^olus specics (Seshadri and Ranjekar, . 

1980b), parsley and Herzfcld, 1978), pea (Thompson, 1976

Murraj'- £t 81^’ 1977^ 1978)- pearl millet (Wimpee and Rawson,

1979): rye (Smith and I'lâ -'ell. 1977),. soybean (Goldberg., 1978; 

Gurley e_t al.. 1979), tobacco (Zimmerman and Goldberg, 1977), 

Vigna radlata (Murray _et a J . , 1979) and wheat (Plavell and Smith,

1976)« Since plants often contain relatively large amounts of 

repetitive DRA, many repetitive regions are not continuous with 

single copy DK/i sequences. The organization of these repetitive 

sequences is either a tandem arrangement (Ingle et , 1973; 

Bendich and /mderson, 1977; Timmis ^  » 1975) or a complex

interspersion of unrelated families of repetitive sequences as 

is the case in the genomes of wheat (Flavell and Smith, 1976) 

and rye (Smith and Plavell, 1977)» Fig» 1 1  and 1.2 represent 

the comparative picture of lengths of interspersed repetitive 

D M  and single copy DM in the case of some animals and plants.

The high degree of order seen in the alternating inter

spersion of relatively brief and longer non--repetitive sequence 

elements in eukaryotic genomes must be having some basic 

biological meaning. Britten and Davidson (1969) constructed 

a model of gene regulation using Xenopus pattern as the basic 

structure. In this model, structural genes in different sections 

of the genome can be simultaneously controlled due to their ' :
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Fig, 1.1: omparative plcturc of lenrths of interspersed 
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proximity to interspersed repeated regulatory elements. This 

model is strongly supported "by the observation that 80 - lOOJ^ 

of m R M  sequences in sea urchin embryos are transcribed from 

repeat contijg'jous to unique R'Ti'; sequences. In their recent 

work, I^vidson and Britten ( 1979) have proposed, that nuclear 

R M  (nRN/i) includes continuously synthesized R M  copies of the 

structural gene regions of the genome and that regulatory 

interactions occurj between these copies and rcomplementary 

repetitive sequence transcripts by the formation of RNi\-RM 

duplexes, Thus in this model nRNiV also contains transcripts 

of repetitive DRA sequences which are- represented at high 

levels in certain tissues and in low levels in others. The 

formation of repetitive RKA-RlWi duplexes controls the production 

of mRM.

Organization of chromatin

(a) Morphology and composition

Chromatin, the interphase forms of hereditary material 

of the C 3 l l s  is a complex of Mii, R N A , histones and non-histone 

chromosomal proteins (Johns, 1954). Majority of the mechanisms 

for controlling cellular proliferation, cell enlargement and 

the differential action of genes during developiiciit/reside in 

the various histone and non-histone proteins that are complexed 

with DN/i to form the chromatin -■ i (Arbuzova et al . ,

1968; Stein ^  , 1975). /ilthough chromatin is in diffused

state during interphase, certain parts remain condensed as 

compared to the remaining chromatin. This condensed chromatin 

is known as 'heterochromatin', the term first introduced by 

Heitz (1928) and the diffuse portion is known as 'euchromatin',



Two types of heteroohromatin are rccogniscd (1) facultative 

which is present in only one of the homologous chromosomes and .

(2) constitutive vi/hich is present in all the cells at identical 

positions on both the homologous chromosomes (Brown, 1966),

This constitutive hetcrochroraatin is present in chromosomes as 

centromeric, interstitial and tolomeric heteroohromat in (/irrighi 

and Hsu, 1971; Chen and Ruddle, 1971; Hsu and ilrrighi, 1971) 

and represents a special kind of DKA "repetitive and satellite 

D M ” (Lee and Yunis, 1970; Yasmineh and Tunis, 1970).

Different cytological techniques to visualize the chromatin 

are based on the D M  level in the chromatin. In the morphological 

studies, staining the chromosomes .with different dyes^ in spite 

of its limitations, has a decided advantage over phase contrast 

and interference microscopy (Sharma and Sharma, 1980). Of all 

the different staining methods, the Feulgen reaction is 

considered to be the most effective one (Feulgen and Rossenbeck, 

1924). Some other dyes are such as Carmine (G-atenby and Beams, 

1950), Orcein (La Cour, 1941'’, Chlorazol black (Nebel, 1940), 

Crystal violet (Newton, 1926), Zzure A (Himes and Moriber,

1956), Orange G-raniline blue (La Cour and Chayen, 1958), Toluidine 

blue (Robinson and Bacsich, 1958) and Giemsa (Robinow, 1941).

To locate the heterochromatic regions consisting of 

repetitive Dlti sequences in the chromatin, different banding 

techniques have been employed. The denaturation of the 

chromatin at the cytological level, followed by renaturation 

and staining with different dyes, particularly Giemsa, shows 

intensively positive reaction at certain regions revealing the 

visualization of repetitive DKA because of its high reassociation

^8
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rates. This iDanding following denaturation-renaturation and 

Giemsa staining is t e m e d  as C-tianding (Hsu, 1973; irrighi,

1974). Different banding techniques such as Q, C, G, I'T, R

are developed by different groups of scientists (Casperson and^ 

Zech, 1973; Dobel et a l ., 1973; Vosa, 1973; 1976; 1977;

Marks and Schweizer, 1974; Tunis, 1974) in various animals 

and plants. These banding techniques permit the visualization 

of molecular sequences at the cellular and microscopic level.

The microspectrophotometric analysis of bands at different 

phases of cell development and differentiation may lead to an 

understanding of the basic mechanism of genetic regulation in 

animals and plants.

(b ) Histones

Histones are acid soluble, basic, low molecular weight 

(11,000 - 22,000 daltons) proteins without any enzymatic activity. 

Histones possess very low absorbance at 280 nm due to their 

low content of aromatic am_ino acids, with the exception of 

irginine rich histone in higher organisms (Panyim _et , 1971; ' 

Brandt and Von Holt, 1972). They do not contain cystine or 

cysteine. There are five main tj.’pes of histones. Two of them 

contain an excess of arginine over lysine and are classified 

as the arginine rich histone fractions. The remaining three 

histones contain more lysine than arginine and are known as the 

lysine rich histones.
\

In recent years, histones are considered to be involved 

in the structural organization of chromatin (Pelsenfeld, 1973;: 

Kornberg, 1977; Klu^r, 1978; Worcel, 1978). The four 

histones H2A , H^B, and H^ fvrm the first level of structural



organization into the core particle. The histones, and 

have the same primary structure in animal and plant kingdom 

(TcJ Lan^re and Smith, 1971), where?,s the histones, and HgB 

are different in plants as well as animals (Fadeau _et , 1974j 

Spiker e_t al . , 1976). The histone is important in the 

folding of the core particles into the next higher level of 

organization and is much variable in its sequence and seems 

to be species specific (De Lange and Smith, 1971). • ,

(c) ITon histone chromosomal proteins

The non-histone chromosomal proteins ( M C  proteins) are

defined to be those proteins, other than the histones, which are
/

i.?;olated in association with nuclear IMA in the purification 

of chromatin. Very little is known about ffllC proteins since 

their isolation and fractionation is severely hampered by the 

tendency of these proteins to aggregate with M i ,  histones and 

one another. However, it has been suggested that the IIHC proteins 

play some role in the regulation of template activity. \

Marushige and Dixon ( 1969) i :idicated that the more template- • 

active chromatin of a given organism contain more M C  protein 

than do less template-active chromatins. The MIC protein 

fraction includes D M  and RIO polymerases, nucleases and other 

enzymes involved in the metabolism of chromatin, structural 

proteins perhaps analogous to, but more acidic than histones, 

nuclear membrane components and possibly specific repressor or 

activator proteins,

(d) Pre_s_ent status of chromatin organization > /

Recent studies in the field of chromatin organization 

have indicated a presence of some basic repeating unit known

5 S T (
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as '.^-bodies' or ' nucleosomes' in the chromatin (Hewish and 

Burgoyne, 1973; Woodcock, 1973; Kornberg, 1974-; 1977; Noll,

1974a; Olins and Olins, 1974). The nucleosome consists of 

D M  about 140 - 240 np (Compton et , 1976; Morris, 1975;

Noll, 1976; Lipps and Morris, 1977; Lohr e_t a ^ . , 1977;

Thomas and Thompson, 1977) complexed with an octamer of histones 

(Kornberg, 1974). The octamer contains two molecules of lysine- 

rich histones and and arginine-rich histones, and 

is not the part of nucleosome, b-ut is associated with linker 

D M  (Allan al., 1980). Detail study of neutron and X-ray 

scattering (Richards £t , 1977) as well as X-ray diff±*action

and electron microscopy (Pinch et ^ . , 1977) have revealed
o o

cylindrical structure about 100 A in diameter and 50 k in height, , 

with the D M  wrapped around it to form a pair of rings at the 

top and bottom. • • ■

Further characterization of nuclto.somes is made by 

digesting the chromatin with microncoccal nuclease (i^xel _et a l ., 

1974) as well as pancreatic D M a s e  (Noll, 1974b). Though the 

linker D M  is the preferred target, the nucleosome core is also 

attacked at a slower rate. Pancreatic D M a s e  attacks at 30, 80 

and 110 nucleotides in the nucleosome from 5 ' terminus 

(Simpson and V/hitlock, 1976). This symmetrical distribution 

of cleavage sites indicate that the nucleosome contains a dyad 

axis and is capable of unfolding into two symmetrical half- 

nucleosomes, as a part of some mechanism of replication or 

transcription (Weintraub e_t ^ . , 1976).

The arginine-rich histone pair plays a central part

in nucleosome formation (Kornberg, 1974). X-ray diffraction

41
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patterns of filDres made from reconstit-uted complexes of DM

with are almost identical to those obtained ftom intact
3 4

chromatin fibres (Boseley ^  » ^976$ Moss £t , 1977).

histone also has a direct effect on the chromatin structure. 

Studies of the dependence of binding on the size of nucleosome 

oligomers showed that there is steady increase in affinity upto 

the octanucleosome suggesting that octaniicleosomes are capable 

of forming a stable unit of higher order structure (Renz ejt a_l.,

1977).

With this model of chromatin organization, certain 

conformational changes that take place during the cell cycle 

are not understandable. These changes may arise ftom 

modifications in composition of chromatin. Some other proteins, 

which are not histones, are found in large quantities associated 

7’ith chromatin (Levy _et , 1977; Goldknopf and Busch, 1977) 

which may react and modify the chromatin structure further,

Scope of Thesis

Among all the groups of plants, cereal grains are of most 

importance to mankind. They are used as staple food all over 

the world. Some of the important Gramineae species such as rice, 

wheat, great millet, pearl millet, finger millet and minor 

millets are cultivated very commonly as field ^crops throughout 

India. Extensive cytogenetic studies have been carried with 

this group of plants from which their taxonomic and evolutionary 

relationships may be deduced (Bell, 1965; Riley, 1965),

Among the family Gramineae, the temperate plant species 

like wheat, oat, rye and barley vi/ere characterized thoroughly, 

when the present work was undertaken. However, no D M
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characterization data were available on the tropical plant 

species. In addition, the temperate plants were known as high 

DNA containing species, ''7e, therefore, selected three tropical 

Gramineae species with low D M  content namely Ele~usine coracana 

Gaertn. (finger millet), ]?ennisetum americanum (L)K. Schtim 

(pearl millet) and Or^^za s_at_iy_a Linn, (rice) and one Gramineae 

species namely Sorgbum vulgare L, with an intermediate DNA 

cont-ont^ Extensive genome characterization of finger millet, 

pearl mi] let and rice was carried out. In-the case of great 

millet, only a limited studies were done.

The present thesis is divided into six chapters, Chapter I 

being that of introduction in which the relevant literature is 

reviewed. Chapter II describes the isolation of DIIAs from 

finger millet, great millet, pearl millet and rice and 

characterization of these D M s  by studying their reassociation 

kinetics using hydroxyapatite column chromatography. In the 

case of finger millet, pearl millet and rice, the Cot curves 

are analyzed using nonlinear least sqtiare analysis to reveal the 

components reassociating with second order kinetics. Haploid 

genome size is estimated from the Cot 1/2 of unique DI'IA in each 

of the four species. The reassociation data are also -used 

to estimate the frequency of repetition and kinetic complexity 

of different Cot fractions which included mostly repeated 

DM sequences.

In Chapter III, melting profiles and base composition of 

native, unsonicated DNAs are given. Different repeated D M  

fractions (Cot fractions) are also characterized by studying 

their thermal denaturation behaviour and optical reassociation
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kinetics. The kinetic heterogeneity and the kinetic complexity 

of the D M  sequences reannealing by Cot 1.0 mol x sec/l in 

finger millet, pearl millet and rice are reported.

i^rrangement of repeated and single copy DIIA sequences 

in finger millet, pearl millet and rice is described in 

Chapter IV,

Chapter V gives the data about the structure of interphaae 

nucleus and identification of histones in finger millet, 

pearl millet and rice.

The important conclusions from the work described in 

Chapters II to V are discussed in Chapter VI. Bibliography 

is detailed in the end.
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i m O I U C T I O N

It is well established that a fraction of an eukaryotic 

genome consists of repetitive DMA sequences. This conclusion 

is principally based on DNA reassociation kinetics measurements. 

Various techniques such as hydroxyapatite column chromatography 

and optical and fluorometric measurements are employed to 

collect the reassociation kinetics data. However, hydroxyapatite 

chromatography is the most convenient and widely used methodology 

for the fractionation of DNi on the basis of the reassociation 

rates of its components. A curve of percentage reassociation 

of denatured DNA corresponding to different Cot values which 

are dependent on the concentration of DKA and period of 

incubation can be obtained by using this technique, Furthermore, 

from this Cot curve the percentage of repetitive and non- 

repetitive M A  as well as the Got 1/2 of non-repetitive DKA, 

fraction can be calculated. ^7ith the help of the latter, it 

is ultimately possible to arrive at the haploid genome size 

estimate. With nonlinear least square analysis of the Cot 

curve, it is also possible to resolve the repetitive DNA 

fraction into different components and to estimate their 

proportions, frequencies of repetition and kinetic complexities. 

We have, therefore, used this technique to measure the 

reassociation kinetics of the 550 np long DNAs of the four 

Gramineae species, namely finger millet, great millet, 

pearl millet and rice.

Bendich and McCarthy (1970a) first studied the homology 

of DNA sequences among wheat, oat, rye and barley by



reassociating one of these labelled D M s  at a time with the :

remaining species. Later, in 1974-, Smith and Flavell revealed 

the presence of a'bout 80?^ of repetitive DM in these four 

Gramineae species. Further work on rye (Ranjekar £t , 1974)» 

wheat (Smith and Flavell, 1975; Ranjekar et ^ . , 1 9 7 6 )  and barley 

(Ranjekar ^  > 1976) has also confirmed the presence of very

high percentage of repetitive D M  fraction in these species, A 

^^ew more Gramineae species such as A vena sativa, Poa trivialis, 

Poa annua and Zea maya have also heen shown to have the 

repetitive DHA content in the range of 78 - 875^ (Flavell and 

Smith, 1975). . ;■ ■ - - 'v

‘ Except the above Gramineae species, nothing is known about 

the genomes of several other cereals belonging to the same ;; 

family. In order to verify whether the high repetitive D M  is a, 

general fegture of Gramineae plant species, irrespective of 

their nuclear D M  content, we undertook the genome analysis of 

four more cereal species namely finger millet, great millet, 

pearl millet and rice. Recently, Wimpee and Rawson (1979) have 

reported the characterization of pearl millet genome and have 

demonstrated the presence of repistitive D M  representing 695̂  

of the total D M .  In this chapter, we have described the 

isolation of D M s  from finger millet, great millet, pearl 

millet and rice and their characterization by determination of 

their reassociation kinetics, ; '

MATERIALS AND METHODS . '

All the chemicals used throughout our work were of 

analytical reagent (AR) grade or guaranteed reagent (GR) grade 

obtained from B3H, Sarabhai Chemicals or E. Merck, Certain ■
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chemicals such as RNiase, PIPES, Tris were obtained from Sigma 

Chemical Corporation, USA. A  D M ,  T^DNA, S^ nuclease, EcoRI and 

molecular weight markers were secured from Boehringer 

Mannehiem, West Germany,

Seeds of finger millet (variety; Madwa VL 101), great 

millet (variety: Blaldandi), pearl millet (variety: Awasari)

and rice (variety: Sona) were obtained locally.

Hydroxyapatite preparation

Hydroxyapatite was prepared essentially according to the 

procedure described by Tiselius et al. (1956). Two litres of 

0,5 M solution of CaCl2 and two litres of 0.5 M solution of 

Na2HP0^ were mixed at a flow rate of 120 drops per minute from 

two separating funnels into a glass beaker under stirring to 

obtain a brushite (CatIP0 ^.2H 20) precipitate. The precipitate 

was washed four to five times with distilled water. Then 

distilled water was added to the precipitate to a final volume 

of four litres and to this was added 100 ml of freshly prepared 

4-0^ (w/v) NaOH solution under constant slow stirring. The 

mixture was boiled under stirring for one hour and the 

precipitate was washed with distilled water till the pH of the 

mixture was 7.0.  ̂ Sodium phosphate buffer (0.012 M  pH 6 ,8 ) 

was added to make the total volume of four litres and the 

solution was heated until it just started to boil, After 

decantation, 0,012 M PB (pH 6 .8 ) was added to the precipitate 

and it was allowed to boil for 5 min. Another boiling with 

0.0012'1! PB was carried out for 15 min. HA was stored at 

with a few drops of chloroform.
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Treatment and germination of seeds

Recent studies have revealed the association of micro

organisms with a variety of plants including those of Gramineae 

(Lange, 1966; Dunleavy and U r s , 1973; Mundt and 'Hinkle, 1976,* 

Lewis and Grotty, 1977; Chalcraharti et , 1978), It is not 

known xvhether these microorganisms should always be regarded 

as contaminants or whether associations may have a deeper 

biological significance. To effectively reduce the level of 

bacterial contamination without altering the germination of 

seeds, the latter were treated as followst Seeds were ‘ ■:

thoroughly washed first with soap waterand then with distilled • 

water and were allowed to remain in alcohol (50^0 foi* 10 min. 

After this treatment, they were washed and soaked in îo chlorine 

water for 5 min and washed again to remove all traces of ^

chlorine (Mascarenhas £t , 1976). These seeds were soaked 

in distilled water for 5 - 6  .,h. The swollen seeds were then 

kept for germination on wet cotton in the dark, iifter 8 days, 

shoots (5 - 6  inches in length) were harvested about one inch 

above the surface to minimize bacterial contamination. These 

shoots were immediately frozen in liquid nitrogen and stored 

at -20°0 till further use. ' . ' ’ '

Extraction of unlabelled M A  ' r .

The DNA extraction procedure is a combination of that of 

Marmur (1961) and Ranjekar et aj. (1976). The frozen shoots 

were homogenized in a Remi make blender at high speed in buffer 

I (0.5 M sucrose, 0.05 M tris, 0.05 M maleic acid and 0.D03 M 

CaCl^, pH 6 .0) containing 0.1^ Triton (X-lOO) for 90 seconds 

in the case of finger millet and pearl millet and 2 min in the
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case of great millet and rice. The homogenate was filtered 

through four layers of cheese cloth and the filtrate centrifuged 

at 1000 X g for 10 min. The crude nuclear pellet was washed 

twice with buffer I, oncc with buffer II (1.0 M sucrose, 0.05 M 

tris, 0.05 M maleic acid and 0.003 M CaCl2 , pH 6.0) containing 

0,17^ triton (X-100) and then again washed once with buffer I,, 

each washing involving homogenization of the pellet in the _ . 

buffer and centrifugation at 1000 x g for 10 min. The washed 

pellet was suspended in saline - EDTA (0.15 M ITaCl + 0.1 M 

sodium ealt of EDTi, pH 8.0) solution and the DKA was extracted 

according to Marmur's procedure with slight modi:Qcations.

The crude D M  dissolved in SSC (0.15 M NaOl and 0.015 M

trisodium citrate, pH 7.0 abbreviated as SSC-X) was incubated ■ ^
(RHAase .

with pretreated RNAase/was preheated at 80°C for 10 min to ..

denature any M A a s e  present) at 3 7°C for one h. iifter the

RNAase treatment, the DNA solution was deproteinized with

chloroform~isoamyl alcohol (24^1 v/v) mixture and was precipitai

from the aqueous layer by addition of 1.5 volumes of chilled

alcohol. At least two deproteinizations were necessary for

obtaining pure D M  preparations. From 1.0 kg of shoots, the

yields of finger millet, great millet, pearl millet and rice

DRAs were approximately 3 - 4  mg, 1 - 2  mg, 15 mg and 2.0 mg,

respectively, >

All the DNA preparations were routinely analyzed for their

content in DNA, RNA and protein by diphenylamine assay (Burton,

1968), orcinol assay (Volkin and Cohn, 1954) and Lowry's assay

(Loxvry e;t , 1951), respectively. Only those DHA preparations

with RNA content of less than f̂o ' ' ■
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and protein content of less than 1 - 2^ and 230 nm/260 nn 

optical density ratio of less than 0.45 were -used for further 

exper iments.

Extraction of lahclled D M

To obtain labelled DNA, a slightly modified procedure which 

was a combination of that of Bcndich (1972), Mitra and Bhatia 

(1973) and Smith and Flavoll (1974) was followed. The seeds of 

finger millet and pearl millet were sterilized as described in 

"Treatment and germination of seeds". The sterilized and soaked 

seeds were placed in sterile petri dishes each lined with 

Whatman No. 1 filter paper soaked in water. Approximately 

50 seeds were placed in each petri dish. Thus 16 petri dishes 

of each species i>yere prepared and were incubated in the dark 

at room temperature for various days. Por example, after one 

day incubation, 5 ml of distilled water containing 5 0 /jC and 

100 AiC %  - ThjTnidine (labelled in the 5 - CH^ group, specific 

activity 23,000 cpm/umole) was added in two different petri 

dishes of the same species. These four petri dishes were 

further incubated for 7 days under the same conditions and then 

the shoots were removed carefully, washed repeatedly in running 

water and stored at - 2 0°C. The second set was treated with 

ThjTnidine after 3 days of incubation and v/as allowed to grow 

further for 5 days. Similarly, the doses /were given on 4th,

5th, 6th and 7th day of incubation as well as 12 h and 6 h, 

before removing the shoots. Eight days old seedlings were used 

for DHA extraction from all the petri dishes. The isolation of 

labelled D M  was carried out by the same procedure as 

described for unlabelled D M ,  , The radioactivity was measured



r>]
in a Beckman Liquid Scintillation Counter (LS 100) using 5 ml 

of Dioxane containing PPO (0.5^) and Naphthalene {^Oyo),

DMA shearing and sizing

The size of the DM fragme^, an important parameter in 

the study of reassociation kinetics, is controlled by shearing 

the DKA to small fragments. These small fragments give 

reproducible rates of reassociation and do not form large 

aggregates^or_network under the usual conditions for 

reassociation (Marmur et , 1963).

DKA was fragmented using a sonic oscillator (Bronwill mode' 

Biosonik III 250 W with 20KhZ) fitted with half an inch probe. 

Prior to sonication, nitrogen gas was bubbled through the DNi\ 

solution for 5 - 1 0  min (Walker and McLaren, 1965). Then, 

approximately, 30 ml of DKA solution was kept immersed in an 

icebath and sonication was carried out at maximum intensity 

for 3 min with 10 min interval for cooling between each 

successive minute of sonication. Care was taken to see that 

the temperature of the solu-'-ion did not rise more than 4°C 

during sonication.

The average size of the DKA fragments after shearing was 

determined by sedimentation through neutral sucrose density 

gradients in a Beckman Preparatory Ultracentrifuge, Approximate 

0.5 ml of DKA solution (100 - 200 /3g/ml) was layered on sucrose 

gradients (5 - 25^ sucrose in SSC-X) and was centrifuged at a 

speed of 34,000 rpm for 17 - 18 h (McConckey, 1967). Prom the 

sedimentation patterns, average sedimentation coefficient 'S' 

values were determined using McEwen's tables (McEwen, 1967).

The molecular weight was then calculated using the formula:



Sucrose _
= r f

^20,w

where K = a constant 0.047 0
0 for SSC-X 

a = a constant 0.38 §

(Van der Schans > 1969). The estimated molecular weight

of DKA fragments was in the range of 500 - 600 np (Fig. 2,1).

DKA reassociation studies

The slurrjr of EA was poiared into a double jacketed, glass

column (15 x 2.5 cm) to a bed volume of 15 ml. The column was

equilibrated with 0.12 M PB (pH 6.8 ) and brought to 62 °C by-

connecting it to a constant temperature water bath equipped

with a circulating pump*

Reassociation of four cereal D M s  was carried out according

to the method described by Britten ejt ( 1974) using HA column

chromatography (Kohne and Britten, 1971). Sonicated DHA was

dialyzed against 0.12 M  PB (pH 6.8 ) and the final D M

concentration determined by absorbance at 260 nm. A small

aliquot of each DKA in 0.12 M PB (pH 6 .8 ) was run through HA

column operating at 6 2°C to determine what percent (if any)

was incapable of binding at this temperature and this value was

corrected for subsequent calculations. The DITA solution was

denatured by heating in a water bath at 100°C for 10 man and then

incubated at 6 2°C for a specific time to achieve desired Cot

values. Cot value was defined as the half product of absorbance

of dissociated DMA x h(s) of incubation (Cot = A/2 x t (h))

(Britten and Kohne, 1968; Kohne and Britten, 1971), Thus the

Cot value of one is equivalent to incubation of a DNA solution
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Fif". 2 ,1 : Graph representinp the concentration
of sucrone correspondinr to maxirnnm 
absorption o f  Bl'JA sheared as described 
in Materials and Methods and 
cenTriTufeT on neVrtral sucrose density 
gradient.



of concentration 8 3 /ag/ml (approximately 2 O.D.) for one h 

(Britten and Kohne, 1968). The incubated DEA was transferred 

to the H/i column maintained at 62 °C. /jfter adsorption of the 

D M  solution at the top of the column, 0.12 M PB (pH 6 .8 , 6 2°C) 

was passed through in order to elute the single stranded or 

denatured DRA. The double stranded (reassociated) D M  was then 

removed with 0.4 M PB (pH 6 .8 ). The optical density of the 

fractions was measured in a Beck^ian spectrophotometer (model 25). 

The percentage of reassociation was calculated using the 

formula;

B
reassociation = ------ x 100

A ■+ B

where A = micrograms of D M  eluted with 0.12 M PB 

B = micrograms of D M  eluted with 0.4 M PB 

(Rangekar and Murthy, 1973). In experiments at high Cot values
n

(more than 1 x 10 mol x sec/l) the D M  solution was incubated 

in 0.36 M PB (pH 6.8 ) in order to decrease che incubation time, 

ĵ t this salt concentration, the reassociation rate increases 

by a factor 4.7778; hence the corresponding correction was 

applied to the reassociation rate (Britten et al., 1974). The 

percent D M  reassociated was then plotted against Cot on a 

semilogarithnic paper. The reassociation studies of E.coli 

and calf thymus D M  were carried out under our experimental 

conditions and wereused as standards throughout this work,

RESULTS

The wavelength scanning of the four cereal D M s  was carriec 

out in the range of 225. nm to 300 nm. The absorbance of these



D M  preparations at 300 nm was always less than 0.1 and 230/260 

and 280/260 0,D. ratios were found to be 0.45 and 0.55> 

respectively. P i ^ r e  2.2 represents the typical absorption 

spectrum for pearl millet D M .

The results from the experiments to obtain labelled D M  of 

finger mi.llet and pearl millet were not satir^factory. The 

specific activities for finger millet and pearl millet DHAs 

were in the range of S to 46 cpm/wg and 1.6 to 8.23 cpm.//ug D M ,  

respectively. The maximum specific activity (46 cpm/ug) was 

obtained in the case of finger millet on 2 days of incubation 

after feeding tritiated Thymidine, which itself was very low 

to carry out further experiments. Hence no labelled DM YW.n 

used in DNA reassociation kinetics studies.

Rcassociation kinetics of four cereal D M s

The reassociation kinetics of the sonicated DNi\s (550 np) 

of finger millet, great millet, pearl millet and rice were 

studied over a wide Cot range of 10“̂ to 10^ mol x sec/l. The 

reassociation of sonicated E. coli D M  as W 2II as of calf 

thymus D M  were also carried out under identical experimental

conditions. E. coli DNA reassoci3.ted in a rather narrovv Cot

— 1 ? ' 
range of 10 to '10 mol x sec/l.- On the other hand, the

reassociation of calf thymus DMi spread over a wide Cot range

of 10“"* to 10^ mol X sec/l (Pig. 2.3). Since no labelled D M s

were used in these studies, the lowest Cot value was of the 

—  1
order of 10 ■ : mol x sec/l.

(a) Pinger millet

In the case of finger millet Got curve (Pig. 2.4), the 

solid curve represents the complete experimental reassociation
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|yVAVELENGTH (nm)

ig. 2.2: Absorption spectrurj of DITA prepared from 
pearl ni.illet, DITA ’7as dissolverl in 
0.1? i' P3 (pH 6.8).
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Gur^e of 550 np lonp- DEL. The least square analysis of the 

reassociation curve was carried out by employing a standard 

optimization subroutine STT'PIT (subroutine STEPIT Vvritten by 

J.P.Chandler and distributed by QCPE, Indiana University, 

Bloomington, Indiana, US/i), and is shown by dashed curve 

through the data points. The error is given by the following 

equ«:tion;

i / C ^ ^c

/ expt fit!

and was minimized by a direct search procedure. The form

Q
for was assumed to be

C P.
= T + ^  "

CO 1 + Cot ' *' ‘

Q
W h e r e - i s  the fraction denatured, T is the fraction of the 

genome failed to reassociate, is the fraction of the genome 

reassociating in the ith component and is the reassociation 

rate for the ith component. These parameters T, and are 

all freely floated so as to minimize the error in equation 1.

It is observed that the method converages quite well with wide 

starting choices for the parameters (root mean square .0 '0 2 <ol' , 

This analysis of the data reveals two kinetic components and the 

lower dashed curvcs in Fig. 2,4 represent the predicted 

reassociation kinetics of the individual components if they 

existed alone. The proportion of the fast fraction, which 

included DNA sequence forming duplexes upto an approximote Cot
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value of 25 mol x sec/l was 49%. The reassociation pattern of 

175̂  of the genome reannealing before Cot 0.1 mol x sec/l is 

■unknown. ’Then the average Cot 1/2 values of the fast and slow 

reassociating DNi\ fractions wore compared, it was observed that 

the former D M  fraction consisted of nucleotide sequences 

reassociating 160 times more rapidly than that of the latter DNA 

fraction. This observation reveals the presence of repetitive 

DKA sequences in the fast reassociating IML fraction and mostly 

the non-repetitive DN/i sequences in the latter D M  fraction,

3.5% of the genome fails to reassociate at Cot 10,000 mol x sec/ 

and may be due to degradation or failure of some sequences to - 

form stable duplexes at the criterion used for these experiments, 

fiJ^eat Tnillet •

The reassociation curve of great millet D M  (Fig. 2.5) also 

reveals two kinetic components: fast reassociating D M

fraction including D M  sequences forming duplexes by Cot 50.0 ,

mol X sec/l with Cot 1/2 as 6.5 x lO”̂ mol x sec/l and slow 

reassociating D M  fraction roannealing after Cot 50.0 trvil x sec/l 

with Cot l/2 as 1000 mol x sec/l. The D M  sequences in the 

fast reassociating fraction, therefore, renature approximately 

1530 times faster than those in the slow reassociating D M  

fraction and are considered to be repetitive. Due to the poor 

.yield of D M  in the case of great millet, a limited number of 

experiments were carried out in the Cot range of 10“̂ to 10^ 

mol X sec/l. Only 70%’ of the D M  reassociated by Cot 10^ 

mol X sec/l and hence computer curve fitting by nonlinear 

least square regression analysis of the reassociation curve was 

not carried out. ' .
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(c) Pearl nlllet

Figure 2.6 represents the reassociation curve of pearl

millet D M ,  i'iS described in finger nillet, the solid line is

the experimental curve and the dashed line through the data

points is the computer fit with root mean square 0.036, The

predicted reassociation of the individual components is shown

by lower dashed curves. There are two distinct kinetic components

in pearl millet D M , East reassociating component (upto Cot

10 mol X sec/l) comprising 54-% of the total genome reassociates

1180 times faster as compared to the slow reassociating fractinn

with an observed second order rate constant of 0.00045 mol"”*.

' -1
sec 1, In the fast reassociating fraction of pearl millet 

genome, 2<yfo fraction reassociates too rapidly to resolve (Cotv 

0,1 mol X  sec/l) while approximately 10/o of the genome fails to 

reassociate. .

(d) Rice

The Cot curve of rice DF/i (Fig, 2.7), unlike those of finger 

millet, great millet and pe^rl millet, reveails the presence 

of three kinetic fractions. The rapidly reassociating Mil 

fcaction, which included DNj'i sequences reassociating upto a Cot 

value of 1.0 mol x sec/l represents 21% of the total DRA, The 

nucleotide sequences forming duplexes in the Cot range of 1 to 

50 mol x sec/l are referred to as intermediately reassociating 

and these account for an additional 25f<> of the total D M .  The 

DN/i sequences present in these two fractions are considered to 

be repetitive, since the Cot 1/2 values of the rapidly and 

intermediately reassociating DNiis are 26,000 times and 150 times; 

respectively, less as compared to that of slow reassociating



60

CM to

N0llVI00SSV3a Vo

if
. IQ r

H

ro^

*H
O '- 

, vJ 
Wluil

5
T,

po
a o
O If t 
•H ir . 
+>
ri ̂  
•H +=
O tio 
O P
CO Q j
ta iH 
rt 0)
p:̂  O

CvJ

kl'
•H
pR

00



61

o
o>
w

o
u

'3
+ 3  - p  <D i H  

C fH H 
C Q) p̂  (d •
<y S 
iH *H CQ

0)̂ ,
'H  (P ^O  p ^ •H  010

X O ^  0  p ^  05 ^

^1 <U 05 +^
XI -P S  ro

+2 -P 03 CD B  
O ̂  P!

( - !  CO O ^  
rH P ’ XJ Pu 
•H r; e  -P 
E  <u P  o  TO

CO o o o 
0) HO  i J  O 'H

ti.1 p j - p  
C <D

CQ
o

•H
-P
CU
C

•H

c
o
•H
P>
c3
a 
o
CQ
o3

•r̂ ̂  O! tt) > :
<D *H O  "H ° i,

Ct-t c H  Vh -g 
O - H  O  “
rH -O 4^P

O Q) ;H "
;> -u ^ tH ra ®

-H  CQ ^  tLP  rH  0? OJ <D H

OO'OU-^T.'CQ 03 flt> ^C 0) p E ■
o  <D Jd cr rc ̂  ,

•H ^  - p  CQ p  ^
C5f; “

•H C  CQ ®  2
O  .  (T5 C\̂ QJ ^  ^
o  Pi < D ^  , i;

r? O  fH OI rH ^  ^
<U L|-> p x: rH J2 ?r-.:: u > o += c 3 ^

•• I
'J-
CM

■H
Ph

N 0 l l V I 3 0 S S V 3 a  Vc



6 2

<•
o

m
O

O
N

O O
to

o
CO

o
o

&
o
ir\

(U
H

o

(M
o <u

r'l
rH•H
P
+=M* c5•s.

tJ CD
U

» - «» cljo
■»“ k Vh

Z o
-  - (U
♦-
o
o p

c
o c
o o

•H
*§

-
■O-
o
(Q
S

1 0)
o««• OS

=» • •
' ir>

•
CM

■ *■■
t?oiM •rH1O

N0liV!D0SSV3d Vo



63

• si

o a> 
O  H -s:! tr\ ij m  -p

•D

U
PS
o
a
o

X I  <u R  -H
+ >  «  (T5 4 ^
t K )» H  cri
a  H  V I) *H
CD t o  O

i H  TD  O  O
Q) • 01

V h X I  O  K ^ ;
O  CQ c i V.'

Pj (0  <U
^  * 0  B  fH

A '.
R  •> t ;

a> x !  0>
- P  >  4 ^  - P
(D ; h  ‘H  O

r - i  P  ^  -H
r H  O  'O
•H - P  01
Ei i H  f-i

Oj <H
f H  *P
H  C  ^4 <1>
d  0 ) 0) x J ‘ X,
(D E  - P  - P
P f - H  p W  ’

^  P i< D ■
« H  0) E ■
o  p .  o  cd <0

X  o
(D <D to o
p.- c )  0) p .

©  - H  p> e
P  X J  f-l o
o  trj p o

+■■’ o
n  cij c rH
O  *H *H *0 CJ

•H O  <U
P '  0 ) 0 , X !  T 3
05 a  03 •H ‘

•H -H  r f  Ct5 s» ■
O  r H  'C ! -H
o  r t » o
CQ >0 >0
ra -H  0) •H
Cfl ( H  0 ) B
<U O  x !  O  'H

f C  CTv -1-  ̂ iH O

V C
• '

CVJ

•
tu)

•H
(i-i



■p
O -H TL- 

X.; 'H  iH  0)

u 
0) 
CO

X

o
o

cd -P
(̂ 4 += O
(D fi •H

« + '̂ (0 'C'
P ,1 P k ; 0)
a Pi

IE!
1 T-l

»H
fH
p .

c c CD
Lf', o p., O
IT\

a;
X  x ;  
0) +>

0) +3 •C
W x ; iii w < -

(V - p i /
o •H LO

(— ’ Cj 0)
m  ‘H fH

g f'tH +-’ p .
o (D (U P r

•H fHf-
r=5 C fH o  '■

P cn o *
n O 0) it :

r - (1)
U  +-■’ 'O •H
o cJ •H I - ? ^  ■

•r-l T J r-l p ,;/
?-f o IT ',

Q.' U1 CD
't-i X I o  /
O  4-' QJ Cj

,C Cl' o;
CD Xl E-1 '■c OJ'::
> f;.
!h ;;') f-4 u
3 O • a- P  t
O o  -

S i  un b
n  4- ' H P  '
C O C'

;  1 (L> • (D •r~i '
c  o S1 +■' ■

(Vi •<-) EH «5 .
•r -l H w •t -i
a G C' - .

o T3 !-i • o  ■
CQ 0) 0) c> .
03 XI x! tn
C!j O'j fH
CD & •H P 01

X} r-: O

CJ

•H

Noiivioossvad Vo



65

D M  fraction^ Thus the proportion of the repetitive DM in rice,

is 52^ of the total D M .  In the case of rice, as observed fron

Pig. 2.7, no computer fit is obtained for the DNi portion

reassocia,ting in the Cot range of 1.0 to 50.0 nol x sec/l,

indicating thereby that this D M  is not reannealing with second 

order kinetics. Snith and Flavell (1977) have observed in rye 

that some repeated sequences do not reassociate v/ith second 

order kinetics due to differences in their reiteration frequencies 

The fast reassociating D M  fractions in finger nillet, 

great niTlet and pearl riillet genomes which nainlv consist of 

repetitive D M  sequences are further classified into three 

subfractions, namely very rapidly reassociating (upto Cot 0.1 

mol X sec/l), rapidly reassociating (Cot 0.1 to 1.0 mol x soc/l) 

and intermediately reassociating (Cot 1.0 to 25.0 mol s sec/l 

in the case of ’finger millet. Cot 1.0 to 50 mol x sec/l in the 

case of great millet and Cot 1.0 to 10.0 mol x sec/l in the 

case of pearl millet) fractions. The "fast' reassociating 

fraction of rice JMA is also arbitrarilj?- subdivided into very 

rapidly reassociating (upto Cot 0.1 mol x sec/l) and rapidly 

reassociating (between Cot 0.1 to 1.0 mol x sec/l) fractions.

The proportion, the Cot 1/2 value, the frequency of repetition 

and the kinetic complexity of these repetitive D M  fractions 

are given in Table 2.1.

Haploid genome size in four Gramineae species

The Cot 1/2 of a D M  is directly proportional to genome 

size assuming that all the D M  sequences are nonrepetitive 

in character (Britten and Kohne, 1966), In eukaryotes, the 

haploid genome size is determined by comparing the Cot 1/2 of
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the unique DM with that of E, coli D1\IA which is known to 

consist of nonrepeated M A  sequences (Britten and Kohne, 1966). 

In the latter, the .Cot 1/2 value is 6,0 mol x sec/l under our 

experimental conditions and the number of nucleotide pairs 

present is 4.5 x 10^ (Cairns, 1963). The Cot 1/2 of the slow  ̂

reassociating D M  in all the four cereal species is determined 

and corrected for repeated DM sequences. The kinetic 

complexities of these four species are then calculated hy 

comparing these corrected Got 1/2 values with that of E. coli 

D M  as given in Tahle 2.2. Thus the kinetic complexities for 

finger millet, great millet, pearl millet and rice D M  are 

1.6 X 10^, 3.6 X 10®, 5.9 x 10® and 1,2 x 10^ np, respectivelj?-. 

The haploid D M  content as summarized in Table 2.2 is obtained 

in the range of 0.17 to 1.31 pg from the kinetic complexity
D

using the relationship of 1 pg = 9,13 x 10 nucleotide pairs 

(Laird, 1971).

DISCUSSION 

Yield of D M s

Among the four cereal species, pearl millet was the best 

species to obtain D M  in sufficient yields. Getting pure D M  i 

sufficient amounts from finger millet, great m.illet and rice 

was an extremely difficult task, '‘̂e tried different extractior 

procedures including those of Bendich and Bolton (1967) and 

Elavell £t aJ.. (1974). However, all the methods gave low D M  - 

yields in case of finger millet, great millet and rice. In 

plants, the two important difficulties in D M  extraction are 

resistance of cell wall towards its breakage and very high 

D M a s e  activity (Stern, 1968), In addition to this, the aerial
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tissue does not 'beconie crisp even after freezing it in liquid 

nitrogen, hence crushing the tissue in sucrose buffer I to make, 

a paste was very difficult. These factors may bo responsible 

for getting low DflA yields in these Gramineae species, inothcr 

important reason can be the low D M  content of these species, 

According to Bennett and Smith (1976), the cytophotometric genom^ 

size estimates (1C) in finger millet, pearl millet and rice 

are 1,6 pg, 2.5 pg and 0.6 pg, respectively. Though the D M  

content in great m.illet is not very low (1C content 3.0 - 7,0 

p g ) , the yield of D M  in great millet was also very low. Due 

to this problem, numerous extractions vjere required in the case 

of finger millet, great millet and rice. In fact, in great 

millet the problem of D M  yield was so serious that we were ’ ' - 

able to carry out only reassociation kinctics experiments.

The D M s  of these Gramineae species were isolated from 

nuclear pellets instead of total tissue homogenates, thus 

minimizing the possibility of contamination by chloroplast or 

mitochondrial D M s .  Further, precautions were taken against 

bacterial contamination by carrying out surface sterilization 

of seeds prior to germination and by using only the shoots for 

D M  extraction. It can, therefore, be concluded that different 

repetitive fractions observed in finger millet, great millet, 

pearl millet and rice are of mainly plant nuclear origin,

D M  labelling

Various experiments were tried to get labelled D M  from 

finger millet and pearl millet as explained in Materials and 

Methods. But there was no incorporation of - Thymidine in 

the cereal D M s ,  Bendich ( 1972), Mitra and Bhatia (1973) and
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Smith and Favell (1974) were successful in getting labelled DM  

froa a few Gramineae species such as wheat, oat, rye and barley 

with specific activities in the range of 8,000 - 13,000 cpn/wg 

D M .  Compared to their results, the specific activities 

obtained bjA u s  (maximum 46 cpm//Ug) in finger millet and pearl 

millet were negligible. Due to the poor yields of DKA, no 

experiments were attempted to lable great millet and rice DNls. 

The possible reason of less incorporation of label in plant 

DNAs can be the effective competition of bacteria on the roots 

with plant seedlings for the limited^,, supply of labelled 

precursor (Barber, 1966). Contamination of labelled bacterial 

DNA was also observed by Lonberg-Holm (1967) in lettuce and 

radish D M  and in xvatermelon by Hock ( 1967). However, in our 

case, the chances of this possibility were very less for two 

reasons. First, we took utmost care to avoid bacterial 

contamination and secondly, we used H - Thymidine as a labelled 

precursor on account of the fact that most bacteria do not 

readily take up nucleosides vaereas phosphata uptake is efficient 

(Bodmer and Grether, 1965). Though there are no possible 

convincing reasons for such a low specific activity observed in 

finger millet and pearl millet, similar difficulties are reporte 

elsewhere also (Wimpee and Rawson, 1979). Besides this method, 

there are some other methods to label DR A , such as iodination 

of D M  vitro (Houck _et , 1978) and nick translation 

(Maniatis _et a ^ . , 19751 McGregor and Mizuno, .1976), However, 

due to some technical difficulties, we were unable to carry out 

these experiments.
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Conditions for DM reassociation kinetics

Throughout our work on D¥A reassociation, maximum care was 

taken to maintain the proper conditions of rcassociation. In 

order to achieve reproducible reasRociation reactions, the ■ - 

cation concentration, temperature of incubation, D M  concentration . 

and DNi\ fragment size must be controlled. Effects of different 

parameters arc discussed by T'rarmur et al. ( 1963), Britten and :: 

Kohne (1966), Subirana and Doty (1966), Thrower and Peacock ;

( 1966) and '/etmur and Davidson ( 1968). Dor efficient ,

reassqciation, we used salt concentration of D M  as 0.18 M Na"*" 

and the temperature of incubation as 6 2°C. Same temperature 

was m.aintained throughout the RA column chromatography also. 

Sonicated ;d NAs of frngment size 550 np were used in these 

studies to avoid overestimations. Using these parameters for 

optimum reassociation, we studied the reassociation kinetics 

of E. coli and calf thymus D M  as standards. The Cot 1/2 of 

E. coli D M  obtained by us (6 mol x sec/l) is in reasonable 

agreement to the values reported in literatire (Britten and 

Kohne, 1966; Miksche and Hotta, 1973; Rawson, 1975)-. Further, 

the reassociation data of bovine DN/j are comparable with that 

of Britten and Kohne ( 1968). The DWi\ reassociation values 

at various Cots in our work compare well with those of Britten 

and Kohne (1968). There is slight lowering in the extent of 

D M  reassociation after Cot 1000, In addition, our estimate 

of the proportion of repetitive D M  (405^) in bovine compares 

well with that of Britten and Kohne (1966; 1968) and Votavova 

^ * (  1972; 1973). Dto to the close similarity of the 

reassociation patterns of bovine D M  with that of others,
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bovine D M  was considered as a sccond standajrd in our work. 

Repet itivL D M  contcnt in G-ramincao ' ' ‘ -

The D M  reassociation kinctics of the four Graraineae 

species have provided an estimate of repetitive D M  which is 

in the range of 49 - 54/'̂  of the total genome. The limiting 

Cot values used to determine percent of repetitive D M  are 

Cot 25 mol X sec/l and Cot 10 mol x sec/l in the case of fing 

millet and pearl millet, respectively and Cot 50 mol x sec/l 

in the case of great millet and rice. Those values were 

confirmed by obtaining the closcfit between the computer fit 

for second order kinctics and experimental curve in the case 

finger millet, pearl millet and rice, as described in Results 

In other Graraineae species studied so far such as wheat, cat, 

and barley, the Cot values used to determine the proportion o 

repetitive D M  were either Cot 50 or Cot 100 mol x sec/l (Mit 

and Bhatia, 1973; Smith and Flavell, 1974 and Ranjokar et ^  

1974; 1976). In the case of great millet, though there is

no computer analysis of clos^'fit, the sudden change in the 

reassociation rate at Cot 50 mol x sec/l made us to assume 

Cot 50 mol X sec/l as the limiting value.

In the case of pearl millet, we took Cot 10 mol x sec/l 

as the limiting value to determine the repetitive D M  content 

’̂impee and Rav;c:on ( 1979) have also used the same Cot value to 

calculate repetitive D M  percentage. However, the proportion 

repetitive D M  sequences (54?^) reannealing by Cot 10 mol x sec/l 

obtained by us is somewhat lower than that (69fo) reported by 

Wimpee and Rawson (1979) under identical Cot conditions. There 

can be a number of reasons for such a discrepancy. First, v/e
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have isolated the pearl millet DM from the nuclear preparations 

as described in Materials and Methods. The advantage of 

isolating the W L from the nticlci is that the contamination by 

the rapidly reassociating IMAs from the other organelles such as 

chloroplast and mitochondria is eliminated. Gecondly, there 

can be some seed variety differences. Smith and Plavell (1974), 

for example, have obtained the values of 83?^ and 92fo as against 

iSfo and 75^ of Ranjekar et ( 1974* 5 1976) for the proportion 

of repetitive D M  in wheat and rye, respectively. '?e conclude, 

therefore, that the repetitive DM proportion may vary in the 

range of 54 to 69fo in pearl millet.

The proportion of repetitive DNil in finger millet, great 

millet, pearl millet and rice, when compared to the other 

G-ramineae species studied so far (Smith and Plavell, 19741 1975; 

Ranjekar ^  , 1974; 1976; Plavell and Smith, 1975) appears

to be rather low. In general the proportion of repetitive D M  

is more than 75 °̂ in those Gramineae species and in a few cases, 

such as Poa annua (Plavell and Smith, 1975) and rye (Smith and 

Plavell, 1974), it has reached to even 90fo, In this respect, 

the four Gramineae species under our considera.tions differ 

significantly from the other Gramineae species.

Classification of repeated DIU sequences

We have used the terins such as very rapidly reassociating 

for DNA sequences reannealing before Cot 10””* mol x sec/l, 

rapidly reassociating for sequences reannealing in the Cot range 

of 10  ̂ -  1.0 mol X sec/l and intermediately reassbciating which 

includes DW sequences forming duplexes in the Cot range of

1.0 to their respective limiting Cot values (Table 2,1),
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is explained above each of these three classes of repeated D M  

sequences does not necessarily represent a single homogeneous 

family and the estimated values of frequency of repetition and 

kinetic complexity of each class must he considered as average 

one.

The proportion of very rapidly reassociating DKA is high 

(15 - 2Qffo) in the case of finger millet, great millet and pearl 

millet and low (8.55^) in the case of rice. The proportion of 

DMA sequences forming duplexes in the range of Cot 0.1 to 1.0 

mol X sec/l is 13 - 18.5^ in the case of great millet, pearl 

millet and rice and comparatively low { l io ) in the case of the 

finger millet, Tp.^Ig 2,1 describes the proportion of DNA 

sequences reassociating at various Cot values. From this tabic- 

it is possible to comment upon the interspecies differences in 

the content of different types of repetitive DNA sequences.

For example, finger millet and rice have the maximum proportion 

(25?^) of intermediately reassociating DNA and finger millet has 

minimum proportion (7^) of rapidly reassoci_.ting DNA. Similarly, 

pearl millet shows maximum proportion (20?-̂ ) of very rapidly 

reassociating DMA, In general, the proportions of the various 

DNA fractions among the three Gramineae species are different 

item each other and appear to be species specific.

The frequency of repetition of different classes of 

repetitive DNA varies in these four Gramineae species. For ' 

example, the frequency of repetition of rapidly reassociating 

and intermediately reassociating DNA sequences is in the range 

of 1,5 X 10^ to 1,2 X 10'̂  and 1.4 x 10^ to 1,0 x 10^, 

respectively. The kinetic complexities of these fractions are
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in the range of 1,7 x 10“̂ to 4.3 x 10^ np and 3.3 x 10^ to 

3.2 X lO^rjp^espectively, The frequency of repetition of the 

rapidly reassociating DNA fractions is thus 5 to 100 fold more 

than that of the intermediately reassociating fraction; while 

the kinetic complexity of the intermediately reassociating 

fraction is 10 to 100 fold more as compared to that of rapidly 

reassociating D M  fraction. These values compare with those 

reported for some other plant species such as wheat (Smith and 

Plavell, 1973), soybean (Goldberg, 1978; Gurley et al., 1979)and 

pearl millet (’''impee and Rawson, 1979).

Comparison between kinetic and cytophotometric genome size 

estimates

Ap.art from furnishing information about the repetitive 

D M  content, the D M  reasr-ociation kinetics of these four 

G-ramineae species have also enabled us to estimate the 

respective haploid genome sizes from the Cot 1/2 value of 

unique or nonrepetitive D M  fraction. The haploid genome size
Q q

is found to vary in the range of 1.6 x 10 to 1.2 x 10 np or 

0.17 pg to 1.31 pg (Table 2 , 2 ) , The cytophotometric genome 

size estimates (1C) in finger millet, pearl millet and rice 

are 1.6 pg, 2.5 pg and 0.6 pg, respectively and for great millet 

it is in the range of 3.0 to 7.0 pg (Bennett and Smith, 1976).

The kinetic genome size estimates in the case of finger millet, 

great millet and pearl millet are lower than those obtained by 

cytophotometry. In the case of rice the kinetic genome size 

estimate is higher than the cytophotometric estimate. In 

plants, relationship between analytical D M  content and genome 

size estimate is not very straightforward. In tobacco
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(Zimmerman and Goldberg, 1977), for example, the D M  content 

■value (1.65 pg) obtained from reassociation analysis differs 

significantly from that of analytical DNA content (10 p g ) . 

Similar discrepancies have also been observed in other plant 

species such as cotton (Walbot and Dure, 1976), broad bean 

(G-nucheva et a j - . , 1977), pea (Pearson et a l . , 1978b) and pearl 

millet (lYimpee and Rawson, 1979). There can be a number of 

explanations for such discrepancies in the genome size estimai 

One explanation is that truly unique sequences are not present 

in these species. For example, the genome of Vicia faba 

(Gnucheva > 1977) contains 60 identical copies of the

so-called unique DN^ sequences whereas Vicia sativa contains 

four identical copies (Gnucheva et , 1977). Certain 

inaccuracies in the Cot 1/2 determination of unique D M  may 

also lead to erroneous estimation of genome size, According 

to Kemp and Merlo (1975) and Merlo and Kemp (1976), factors 

capable of accelerating the rate of reassociation may be prese 

in plant D M  preparations. The kinetic genome size estimates 

of the four Gramineae species can, therefore, be considered 

as approximate ones,

CONCLUDING REMARKS ' ' '

The repetitive D M  contents estimated by nonlinear least 

square regression analysis are in the range of 49 - 5A°/̂  in the 

case of finger millet, pearl millet and rice. Erom the 

reassociation curve-of great millet (Pig. 2.5), Cot 50 mol x 

sec/l is taken as the limiting value for the determination of 

repetitive D M .  A t this Cot, 52?^ of the toal D M  form 

duplexes. The proportion of repetitive DNA in these four
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species is very low as compared to the other Gramineae species

studied so far.

The kinetic complexities of unique D M  fractions of these

8 9
four species are in the, range of 1.6 x 10 to 1,2 x 10 np or 

0.17 pg to ‘1.31 pg. The Gramineae species under our consideration 

thus differ from the other Gramineae species in having low 

nuclear D M  content and less proportion of repetitive D M ,
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so
t h e r m a l  d e n a t u r a t i o n  a n d  o p t i c a l  r e a s s o c i a t i o n  o f  n a t i v e  m a s

AND REPETITIVE M A

INTRODQCTION ,

The physicochemical characterization of individual DKAs is 

carried out using different methodologies such as CsCl centri

fugation, thermal denaturation, optical rotarary dispersion, 

circular dichroism and X-ray crystallography. Among all these 

methods, CsGl centrifugation and thermal denaturation are most 

widely used. Equilibrium centrifugation of DNA in neutral CsCl 

yields the information about its buoyant density, base 

composition heterogeneity and about the presence of a satellite 

DNA. The G + C content can be estimated from the buoyant 

density value (Mandel and Marmur, 1968).

The thermal denaturation studies of native DNAs are very 

important due to the striking changes observed in some propertif 

like viscosity, extinction coefficient and light scattering in 

a relatively narrow range of temperature. The temperature at
0

which 50io of a DNA molecule is dissociated is called the mean 

thermal dissociation temperature or melting temperature (Tm) 

which is characterie^lic of each DNA, Thermal stability of a 

DNA molecule is a function of the complementarity in base 

sequences of its two component strands (Bautz and Bautz, 1964; 

Kotaka and Baldrd.n, 1964; Laird and McCarthy, 1968; Moore • 

and McCarthy, 1968), A lowering in the thermal stability 

indicates less complementarity in base sequences of two 

component strands or more base mismatch (Britten ejt , 1974). 

In addition to this, thermal denaturation is dependent and 

proportional to the G + C content of the DNA (Mandel et ,
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1968). Higher the G + G content, more will be the Tm, This 

linear variation of the Tm of D M s  with the G + C content is 

attributed to the formation of three hydrogen bonds in the 

G - C pair and only two in the A -  T pair. The thermal denaturat 

studies thus provide a valuable information about the base 

composition heterogeneity of a DliA molecule. It reveals the 

presence of different components depending on their A + T and 

G + C composition. These i + T rich and G + C rich components 

can be isolated and studied further for their sequence analysis,

Although base composition can be determined from buoyant 

density and melting temperature, there are some direct methods 

to determine the base composition. One such method is based 

on the spectral chan.ges accompanying the helix coil

transition in D M  (Fredericq et & ! . , 1961; Felsenfeld and 

Sandeen, 1962j Marmur and Doty, 1962; Fresco et al., 1963; 

Mahler et ,1964; Felsenfeld and Hirschman, 1965; Hirschman . 

and Felsenfeld, 1966; Russel et a l . f  1969; Ulitzur, 1972).

The method described by Ulitzur (1972) is comparatively simple
\

and rapid.

In this Chapter, we have described the thermal■denaturation 

characteristics of DM s of finger millet, great millet, pearl 

millet and rice. The G + C content is determined from Tm 

values as well as using Ulitzur’s method (1972), We have also 

isolated repetitive D M  fractions in finger millet, pearl 

millet and rice and studied their thermal denaturation and 

optical reassociation properties.



MATERIALS M'THODS 

Extraction of D M

DNAs of all the four Gramineae species were isolated and 

purified as described in Materials and Methods of Chapter II, 

Isolation of repetitive DNA fractions

In Chapter II, rw have described the arbitrary classi

fication of repetitive D M  of these Gramineae species into

three subclasses; (1) very rapidly reassociating D M  containing
/

duplexes formed by Cot 0.1 mol x sec/l, (2) rapidly 

reassociating DNA forming duplexes in the Cot range of Cot 0.1 

to Cot 1.0 mol X  sec/l and (^) intermediately reassociating 

D M  forming duplexes in the Cot range of 1.0 to 25.0 mol x sec/l 

in the case of finger millet, 1.0 to 10,0 mol x sec/l in the 

case of pearl millet and 1.0 to 50.0 mol x sec/l in the case 

of rice. To isolate these fractions, total D M s  were sonicated 

to an average length of 550 np as described in Chapter II.

The flow diagram of fractionation of DNAs is as shown. The 

reassociated 0.4 M PB (pH 6.8) D M  fractions were isolated and 

dialyzed against 0.12 M PB (pH 6.3) prior to their characteri

zation.

In addition, Cot 1.0 D M  fraction of all the three DMAs 

and Cot 25.0, Cot 10.0 and Cot 50.0 DNA fractions of finger 

millet, pearl millet and rice D M ,  respectively, were isolated 

using the same methodology.

Thermal denaturation

Thermal denaturation of various DNAs were carried out in 

Gilford 250 spectrophotometer equipped with thermoprogrammer 

(Model 2527), analog multiplexer (Iilodel 6046) and automatic
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FLOW DIAGRAM FOR FRACTIONATION OF DNAS

550 np LONG D N A  IN 0 H 2 M  PB ( pH 6- 8)

BOILED IN W A T E R  B A T H  A T  1 00® C  
FOR 10 mln

D E N A T U R E D  D NA

8

S T E P  1

r

I N C U B A T E D  A T  6 2  « C  T O  G E T  Cot  0-1 m o t x t e c / l  VALUE,  

T H E N  LOA DED  ON HA C O L U M N  AND E L U T E D  VtflTH 

D I F F E R E N T C O N C E N T R A T I O N S  OF P H O S P H A T E  B U F F E R  
A T  6 2® C

0-12 M PB { pH 6-8)  

D E N A T U R E D  D N A

S T E P  II

0*4 M PB ( pH 6-8)  

RE AS S OCI A T E D DNA  AT 

Cot 0 • 1 mol X sec / I

I N C U B A T E D  F U R T H E R  A T  6 2 ® C  T O  G E T  

Cot t-0 mol X s « c /  I V A L U E  AND LOA DED  

ON H A CO LU M N A N D  E L U T E D  A S  
D E S C R I B E D  IN S T E P  1 .

0-12M PB ( pH 6- 8)  

DENATURED DNA

S T E P  III

0*4 M PB ( pH 6-8 ) 

REASSOCI ATED DNA IN THE 

RANGE OF Cot 0-1 -► 1-0 mol x sec<

I N C U B A T E D  F U R T H E R  A T

S 2  ®C AND S E P A R A T E D  
ON H A COLUMN

0*12 M PB ( pH 6‘3) 

UNIQUE D N A

0-4 M PB ( pH 6- B)  

R E A S S O C I A T E D  DMA IN T H E  

RANGE OF 

c o t  1 0 - * ' 2  5 0 mol X » « c  /  I FOR FINGER M il 

C o t 1 0 - » 1 0  0  mol X t « c  / I FOR PEAR L MIL 

Cot 1-0 ♦ 5 0 0  m o l x * * c / l F 0 R  R I C E
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reference compensator (Ranjekar e_t , 1976). Various DKA 

samples dialyzed with D.12 M PB (pH 6.8) were used for studying 

their melting properties. Approximately, 0.2 ml of the DNA 

solution (25 to 50 xig/ml) was added to the thermal cuvettes 

and the temperature of the solution was raised at a rate of 

1°C/min upto 9 8°C. The absorbance changes at 260 nm were 

continuously recorded during the heating process, Erom the 

absorbance change the hyperchromicity of the D M  sample was 

calculated using the formulas

i26o(98°°) -

Where H is the hyperchromicity and ^260 absorbance at

260 nm (Zimmerman and Goldberg, 1977; Wimpee and Rawson, 1979). 

The total hjrperchromicity was normalized to 100^ and the graph 

of percent hyperchromicity versus temperature was plotted.

E. coli, T. and calf thymus .DDJAs were used as standards for all 

the thermal denaturation,s,tudies. \

Optical reassociation «

T,. ^

Optical reassociatib;n''*of*’sonitea,ted DRAs and of Cot 1 

fractions r-^g studied to determine kinetic heterogeneity and 

kinetic complexity. Sonicated, 550 np long native DNis as well 

as Cot 1.0 fractions of finger millet, pearl millet and rice in 

0.12 M PB (pH 6,8) were added to thermal cuvettes and the 

absorbance of 260 nm at 2 5°C was recorded, DRA concentration 

( 1 0 - 4 0  «g/ml) was such that after melting, the absorbance 

still remained within the linear regions of the spectrophotometer, 

The temperature of the DRA was raised to 9 8°C at a rate of



1°C/min, The D M  samples vjere maintained at this temperature 

for 4 - 5  min to ensure complete denaturation. The temperature 

of the cuvette was next quickly lowered to 62 °C "by circulation 

of water. This lowering process took about 60 - 90 seconds.

The chajige in the absorbance of the solutions was 

continuously recorded with time, Eor the determination of zero 

time or the start of reassociation, the midpoint (80°C) between 

98°C and 62 °C was taken (Britten et , 1974). ,

The total change in absorbance from 2 5°C to 98°C was :■ 

taken as 100?^ hyperchromicity. Prom the decrease in absorbance 

(hypochromicity), percentage reaesociation was calculated by 

using the following formula at various Cot values?

 ̂ 260 ° - 260 ^ 
denatured DRA a given time (t)

reassociation = 1 0 0  x

^̂ 2̂60 - A26O
denatured DRA native D M  at

25 °C

Collapse hypochromicity was also calculated from the 

instantaneous loss in absorbance (260 nm) which was observed 

when totally denatured DHA was cooled from 9 8°C to 6 2°C

(incubation temperature). Bacteriophage T^ DRA, the genome

complexity of which is already known (Laird, 1971) was taken

as a standard DKA in these experiments and its optical

reassociation was measured.

Ultraviolet spectroscopy for base composition

^11 native, unsonicated DRi\ samples in SSC-X giving

absorbance in the range of 0,4 to 0.9 were used for UV

spectroscopy, DN/i samples having G- + C content in the range



of 30 to 70/J ji/ere used to plot a standard graph, DKAs from 

onion, calf thymus,- salmon sperm, E. coll and M. lysodeiktious 

in SSC-X were used as standards. Their G + C contents were 

determined under our experimental conditions and the ratios 

at ultraviolet ahsorbancc at the wavelengths (nm) 245/270,

240/280 and 240/275 were determined, ?/e plotted the absorhance 

ratios found in this step against the base percent, using these 

points as loci for construction of standard lines. Then the 

absorbance ratios of our four unsonicated Mil samples were 

determined as explained above and their positions were located 

on each of the appropriate standard lines. The G + was thus 

calculated from each ratio and the average of three values was 

determined (Ulitzur, 1972),

R ESULTS

Thermal denaturation of n ative DMAs

Native, high molecular weight D M s  of finger millet, great 

millet, pearl millet and rice are used for thermal denatursLtion 

studies and their melting properties are summarized in Table 3«1. 

The Tm values (the temperature at which 50?̂  of the DM melts) 

of the D M s  of E, coli, T^ bacteriophage and calf thymus 

under our experimental conditions, are 9 0°C, 8 4°C and 85.5°C, 

respectively (Pig. 3.1) and compare well with the values 

reported in the literature. The melting curves of finger 

millet, great millet, pearl millet and rice are smooth and 

do not ,inculcate any biphasic shape (Fig. 3.2 - 3.5). The 

melting temperatures are observed to be 8 5°G in the case of 

finger millet and rice, 85.6°C in the case of great millet 

and 88.6°C in the case of pearl millet. The hjrperchromicities



F i , ^ .  3 . 1 Thernal denatnration profiles of native, 
unsonicated E. ooTi (-#— ♦-),

■bacterior)hare and calf thymus
C-O— 0-) DHAs in 0.12 H PB (pH 6.8).
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i/?. 3.;

TEMPERATURE *C
Thermal denatitration profile of native,
unsonicated finper millet DITA in 0.12 M
PB tpH 6.8).
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Fig. 3.3: Thermal demturation profile of native,
imsonicated preat millet DNA in 0.12 I.'!
?3 (pH 6.8).
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TEMPERATURE “ C
3.4: Thermal denaturation profile of native-

unsonicated pearl millet DNA in 0.1? M
PB (pH 6.8).
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TEMPERATURE ®C
Thermal demt uration profile of native, 
im55onicated rice DNA in 0.1? tt p h  .
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of finger millet, great millet and pearl millet are 20.0?̂ -, 22.05^

; and 2 5 .Ofo, respectively. As compared to these, the ' ‘ ‘

hyperchromicity of rice D M  (125^) is -very lc’/7. The base •

composition of these DMAs is then determined from the Tm values 

using the formula; ■

G + C content = (Tm - 69.3) 2,44, ' < v ■

where 69.3 represents the Tm of a pure A + T poljrmer and every 

degree rise in the Tm abave 69.3°C represents an increase of 

. 2.44?^ in the G- + C content (Marmur and Doty, 1959| Mandel 

e_t al . , 1968). The percent G + C content is 38.5 in finger 

millet and rice, 39.8 in great millet and 47.0 in pearl millet 

(Table 3.1). '

Base composition by absorbance ratios ' ' '

Base composition of all the four Gramineae species was 

also determined by the nethod of Ulitzur (1972). Onion, salmon 

sperm, calf thymus, E. coli and M. lysodeikticus DKAs in SSC-X 

were used to plot a standard graph, /ibsorbance ratios a t 240/230, 

240/275 and 245/270 for these D M s  are calculated and arc plotted 

against G + C contents (Table 3.2 and Pig, 3.6). This is used 

to estimate the G + C content of native, unsonicated finger 

millet, great millet, pearl millet and rice DNAs in SSC-X, , ' ,

/ibsorptions of these D M s  at 240, 245, 270, 275 and 280 nm are

. measured on Tohimadzu spectrophotometer (Model Fo. UY 2^0A) and 

ratios 240/275, 240/280 and 245/270 are calculated. Using the

standard curves, the G + 0 contents of each species at each ,

absorption ratios are calculated. The average G + C contents 

of finger millet, great millet, pearl millet and rice are found
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Table 3.1; Melting data of native D M s

DM Tm Hyper chromic ity®" G +
content

°C io io

Finger millet 
(8)

85.0 ,0.12 20.0 + 0.31 38.5

Great millet 
(6)

85.6 + 0.18 22.0 + 0.53 39.8

Pearl millet 
(7)

88.6 + 0.04 25.0 + 0.48 47.0

Rice (11) 85.0 + 0.22 12.0 + 0.87 38.5

E. coli (3) 90.0 + 0.02 24.48+ 0.2 50.50

bacteriophage 84.,0 27.0 35.85

Bovine (3) 85.5 + 0.03 25.03+ 0.16 39.53

a
Hyperchromicity is calculated using the formula

^260 (98«C) - ^250 (25»0)

H =
^260 (98°C)

G + C is calculated according to the formula 

G- + C content = (Tm -69.3) 2.44 

(Marmur and Doty, 1959; Mandel et a j - . f 1968).

Figures in the parenthesis indicate the number of D M  samples 

used to carry out these experiments.
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Talile 3«2 s The aljsorption ratios and G + C content of 

standard DN/i samples

D M 1/bsorption ratios G + C 
content

,

G + C , Reference
«4r V\ ̂

240
280

240
■ 275

245
270

Onion 1.0347 0.315 .0.881 32.69 27.3 R^aniekar 
et.al.,1978h

Salmon
sperm

1.0944 0.865 0.913 38,79 44.4 Marmur and 
Doty, 1962.-

Calf
thjnnus

.1.0866 0.857 0.9123 39.53 43.1 Marmur and . 
Doty, 1962.

E. coli 

*

1.178 0.961 0.975 50,5 51.3 Marmur and 
Doty, 1962.

M. lyso- 
deikticus

1.402 1.162 1.111 70,76 72.0 Schildlcraut 
^t a^. ,1962.

G- + C content calculated from'Tm values under our experimental , 

conditions, , . : ■ ■

Id
Literature values of G- + C content as reported in the references

, »

mentioned in the neighbouring- column.
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to be 40.95^, 42.5^, 48.05?^ and respectively (Table 3.3),

These values are in close agreement with those obtained from 

Tm values.

Thermal denaturation of repetitive Jl'IA fractions

Prom Chapter II, it is clear that the repetitive D M

.*1
accounts for 49 to 547^ of the total DNi in finger millet, 

pearl millet and rice. Since the repetitive DItA fractions of 

all these three species were isolated from sonicated DEA 

samples, the melting patterns of the latter are also studied.

In the.case of finger millet, the comparative melting 

patterns of sonicated, native DI14 and of Cot fractions are 

presented in Figs. 3.7 and 5.8. The Tm of 550 np long, native 

D M  is 83.8°C and the Tms of the Cot fractions are in the ‘ 

range of 70.8°C - 73.6°C (Table 3.4). ill the melting 

profiles in the case of finger millet are monophasic in 

character.

Native, sonicated 550 np long pearl millet DKA exhibits 

a Tm of 37.0°C (Pig. 3.9) ard the melting curve is monophasic. 

Melting profiles of Cot 0.1, 1.0 and 10.0 mol x sec/l are, 

however, biphasic (Pigs. 3.9 and 3.10). The high melting 

fracti,on of Cot 0.1 pearl millet DNi accounts for 50?^ of the 

total Cot 0.1 fraction wi-th a Tm of 95.0®C and the low melting 

fraction has a Tm of 83.2°C. In Cot 1.0 D M ,  the proportion 

of low melting (Tm = 81.6°C) components is 65?̂  and that of high 

melting component (Tm = 94.8°C) is 35?^. In Cot 10.0 D M ,  the 

proportion of high melting fraction is 12^ with a Tm of 9'1°C 

and that of low melting component is 8S^ with a Tm of 78.0°C, 

However, the Cot fractions 0,1 to 1.0 and 1.0 to 10.0 do not
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Table 3 . 3 ; Base composition of native DNi\s by absorption 

ratio method

D M Cr + C content from ratios G + C
content
mean

io

G + C 
content 
from Tm

fo

245
T lO

240
280

240 ' 
215

Ping-er millet 
(3)

40.60 40.75 41.50 40.95 38.5

Great millet 
(2)

42.0 42.50 43.0 42,5 39.8

Pearl millet 
(6)

48.45 46.75 '48.90 48.03 47.0

Rice(4) 37.38 38.68 39.06 38.37 38.5

Figures in the parenthesis indicate the number of D M  samples 

used to calculate absorbance ratios.
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show any biphasic nature and melt y;ith Tras of 80,2°C and 80.0°C, 

respectively (Tatle 3.4).

Meltin^r profiles of native, 550 np lonp rice DNA as well 

as of the Cot fractions are smooth and monophasic in nature 

(Pig. 3.11 and 3.12). The Tra of native, 550 np long rice DNA 

is 83.4°C and the Tms of the Cot fractions are in the range of 

79,6°C to 82.6°C. Cot 50.0 fraction shows a Tm of 79.6°C end 

Cot 0.1 fraction has a Tm of 82.6°C (Table 3.4).

Hyperchromicity and base mismatch of repetitive D M  fractions

The hyperchroroicities of finger millet and pearl' millet 

550 np long, native WAs are 27.0 and 2 1 .0^, respectively.

The hyperchromicity of rice, native 550 np DM is^ however very 

low We also tried to estimate the hyperchromicities of

native, rice DRAs with different fragment lengths as 4900 np 

and 1500 np and they Awere found to be 11.C^ and respectively.

In addition to these, the Cot fractions of rice also show very 

low hyperchromicities (5.5 - 125?̂ ). The hyperchromicities of 

finger millet Cot f2?actions are in the range of 10.0 - IS.O^o and 

those of pearl millet Got fractions are in the range of 13.1% - 

I9 .O/0 (Table 3.4).

The Tm values of the repetitive DNA fractions are compared 

to that of the corresponding native, sonicated, 550 np long DNA 

preparations in each species. From the lowering in the Tm of 

the reassociated DNAs, the percentage base mismatch in these 

fractions can be estimated from the relationship explained by 

Britten et ajL. (1974) where lowering in Tm by 1 °C is assumed 

to correspond to \io base mismatch. In the case of finger 

millet, the extent of base mismatch of repetitive duplexes is



99

TEMPERATURE ( * 0 )
Fi^r, 3.7; Thermal denaturation Drofiles of Cot 0,1 (*

Cot 0.1 to 1.0 0 , Cot 1.0 to 25.0 (-X-K-
and total 550 np (- -•) DNAs of finger millet.



1 0 0

TEMPERATURE (°C)

PifT. 3.8: Thermal denaturation profiles of Cot 1.0 ( » ■-•-),
Cot 25.0 (-A-T^k-) and total 550 np ( -0 —0 - )  DIIAs 
of finger millet.

5 ^ ^ I
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TEMPERATURE ( *C )
Pig'. 3.9: Thermal denatiiration -orofiles of Cot 0

Cot 0.1 to 1.0 (-♦— •"), Cot 1.0 to 10 
and native, 550 np lon^ (-o-n-) DJlAs of pea-rl 
millet.

0.1  ( -  
.0  (



1 0 2

TEMPERATURE «C

Fi/r. 3.10; Thermal denaturation profiles of Cot 1.0 f 
Cot 10.0 and native, 550 np lonj^ ( - o —o - - )
DNAs of pearl millet, /
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T E M P E R A T U R E  C C }

Pif'?-. 3.11: Thermal denaturation profiles of Cot 0«1 (~o— <
Cot 0.1 to 1,0 (-41— •— ) and native 550 np long 
(-0 -0 — ) m A s of rice.



’ 10 *

TEMPERATURE ( “O

Fit?. 3.1?: Thermal denaturation profiles of Cot 1.0
Cot 50.0 (-Ar-A-) and native 550 np long 
DNAs of rice.
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Table 3 » 4 : Thermal denaturation properties of repetitive

DRA fractions

Cot fraction Reasso-
ciation

io

Tm

“C

Hyper-
chromi-
citya-

io °C

Base
raismat-
chingC

1 2 3 4 5 6 . ^

Finger millet

Native, 550 up DNil 
(9)

- 83.8 + 0.022 27.0 - -

Cot 0.1 (7) 18.0 73.6 + 0.11 18,0 10.2 10.2 :

Cot 0.1 - ■.0 (3) 5.0 73.6 + 0.20 13.0 10.2 10.2

Cot 1.0 (7) 23.0 71.0 + 0.08 12.0 12.8 12.8 i

Cot 1.0 - 25.0 
(3)

26.0 70.8 + 0.61 10.0 13.0 13.0 

- '

Cot 25.0 (8) 49.0 73.0 + 0.13 14.2 10.8
■- • 't- 
10.8 '

Pearl millet

Native 550 np Mil 
(7)

— 87.0 + 0.03 21.0 - -

Cot 0.1 (8) 20.0 (50/o) 
83.2 + 0.16 19.0 3.8 3.8 :

(50/o) 
95.0 + 0.13 — — —

Cot 0.1 - 1.0 (3) 13.0 80.2 + 0.21 15.3 6.8 6.8 ;

Cot 1.0 (9) 33.0 ( 65^) 
81.6 + 0.06 16.9 5.4 5.4

(35?^0
94.8 + 0.072

Cot 1.0 - 10.0 
(3)

21.0 80.0 + 0.16 13.1 7.0 7.0

Cot 10.0 (8) 54.0 (88/o)
78.© + 0.09

/

19.4 9.0

*

9.o'

(12^) 
92.0 + 0.063 _
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1 2 3 , 4 5 6

Rice

Native, 550 np DN/i 
(12)

- 83.4 + 0.21 7.0 - ■

Cot 0.1 (10) ■ 8.5 82.6 + 0.10 12.0 0.8 0.8

Cot 0.1 - 1.0 (3) 18.5 81,0 + 0.26 5.5 2.4 2.4

Cot 1.0 (10) 27 = 0 81.6 + 0.096 10.0 1.8 1,8

Cot 1.0 - 50.0 
(3)

25.0 - - /
• y -

T

Cot 50.0 (7) 52.0 79.6 + 0.128 7.8 3.8 3.8

$ Hyperchromicity was calculated using the formula described 

in Materials and Methods. .

^ Tm was calculated by taking the difference in the Tm values 

of native, sonicated, 550 np and the Cot fraction,

base mismatching was estimated by using the relationship 

1°C lowering in Tm corresponds to 1^ base mismatching 

(Britten et , 1974).

Figures in the parenthesis indicate the number of experiments 

carried out.
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in the range of 10.2?^ to 15.0?^. The range of base mismatching 

in the case of pearl millet repetitive duplexes is 3 *8̂ 0 to 3 . 0'}o 

and that in the case of rice is very low (0.8>^ - 3 .8 fo ), In 

the case of finger millet, the intermediately reassociating 

fraction (Cot 1.0 ~ 25.0 mol x sec/l) has a maxim-um base 

mismatch as 13.0?o. Pearl millet Cot 0.1, 1.0 and 10.0 fractions 

show hiphasic nature, In these cases the low melting fraction 

shows hase mismatching of 5 . 4^ and 9,0fn, respectively. ,

Cot 0.1 fraction of rice shows a base mismatching of 0.8^ only. 

Optical reassociation of sonicated DWAs and Cot 1 DMA fractions

During the reassociation kinetics experiments of the total,

sonicated DNls by hydroxyapatite column chromatography, the

lowest Cot value, at which the extent of reassociation was

—  1
measured, was in the range of 10 to 10 mol x sec/l. ’̂e 

were interested in knowing the mode of reassociation at still 

lower Cot values. Hence the optical reassociation of sonicated 

DKAs as well as those of Cot 1.0 DNA fractions were measured 

using D M  as a standard (Laird, 1971).

The optical reassociation curves of native, 550 np long 

DNAd of finger millet, pearl millet and rice are shown in 

Pigs. 3.13, 3.14 and 3.15, respectively. The optical 

reassociation value at Cot 1.0 of the total D M  compares well 

with that of hydroxyapatite in each G-ramineae species (Table 3.5).

In the case of finger millet, approximately 92^ of the Cot

1.0 D M  is found to reassociate in a rather narrow Cot range of 

3 X 10~^ to 1.0 mol X sec/l (Fig. 3.13). An average Cot 1/2 

value of this D M  fraction is estimated and compared with that 

of slow reassociating D M  fraction to calculate its average
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Pif'. 3.1?; Optical reassociation curves of total sonicated 
DNA (-0— 0 -) and Cot 1 fraction (*-•— •-) of finper 
millet along with that of sonicated DNA ),



l O ' J

Fif^. 3.14: Optical reassociation curves of total sonicated 
DNA (-0— 0 — ) and Cot 1 fraction (-♦--♦-) of pearl 
millet.
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T’is-. 3.15: Optical reaseoclation curves of total sonicated
mA (-0*0-) and Cot 1 fraction (-»--♦■ ) of rice.
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Table 3 .5  ’ Comparison of the extent of M/i reassociation by

optical methods and by hydroxyapatite measurements

Total
sonicated
Mi.

Reassociation at
Cot 1.0 by hydroxj^apatite
measure^nents

Reassociation at 
Cot 1,0 by optical 
reassociation

io

measurements

Finger millet 23.0 18.0

Pearl millet 33.0 32.0

Rice 27.0 27.0
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frequency of repetition {Table 3.6), The optical reassociation

curve in the case.of pearl millet Cot 1.0 DM fraction (Fig. 3 . W ;

reveals the presence of at least two subfractionsj rapidly .

reassociating upto Cot 0.01 mol x sec/l and slow reassociating

in the Cot range of 0.01 to 1.0 mol x sec/l. The proportion

of the rapidly reassociating fraction is 28?^ of the total Cot 1.0

DNi fraction. The average Cot 1/2 values of each rapidly and

slow reassociating fractions are 1,5 x 10“̂ and 0.9 mol x sec/l,

respectively. The optical reassociation curve of rice Cot

1.0 DNA (Fig. 3.15) shows the presence of two BNA fractions

separated by a cleaiCToit break at Cot 0.1 mol x sec/l. The

proportion of rapidly reassociating DNA is 35?^ of the total •

Cot 1.0 DNA and the DNA sequences in this fraction reassociate

upto a Cot value of 0.1 mol x sec/l with a Cot 1/2 value of 

—2
1*0 X 10” mol X sec/l. The DM sequences in the second

-1 0
fraction reanneal in a very narrow Cot range of 10 to 10 

mol X  sec/l and have a Cot 1/2 of 2.1 x lO”"* mol x sec/l. The 

frequency of repetition and the kinetic complexities of various 

fractions are summarized in Table 3.6.

In order to determine the nutaber of components reannealing 

with second order kinetics, the reassociation curve of the 

Cot 1 DM in each species was analyzed by the curve fitting 

procedure of Laird and McCarthy (1969) using the formula;

C 1

CO 1 + K 2 Cot

where is the fraction of denatured D M  and is the
CO

reciprocal of Cot 1/2 (Britten and Kohne, 1966), The close 

fit of the ideal curve with the experimental reassociation %
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F ifr . 3 .1 6 : Ideal Cot curve (-X— K-) and the experimental Cot 
curve (-0— o-) of the Cot 1.0 D M  o f  finger millet. 
The ideal curve is obtained by using the equation:

C 1

CO

ivhere

1 + Cot 
C_
CO 
K2

~ fraction of denatured DIIA,

~ reciprocal of Cot 1/2 of the 
Cot 1 DNA fraction.
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; Table 3.3, it is clear that comparable -val-ues of G + C content 

are obtained using these two methods in the case of all the fo-ur 

plant species. Determination of G +  C content from a Tm  of a 

given D M  is a very standard method. Since the G + C content 

values estimated from the respective Tms are in close agreement 

with those derived from the absorption ratio method, the latter 

. method can also be considered as an accurate method. In fact, 

the absorption ratio method appears to be a rapid and simple 

method and can be applied to DNi samples with high G + C content. 

This method is based on the aberration that there are relatively 

minor differences in the ultraviolet spectra i n  the 265 to 280 

nm region, whereas the region from 240 to 265 nm including the 

A maximum is progressively shifted towards shorter wavelengths 

with increasing values of the G + C mole io (Ulitzur, 1972). . .

The standard deviation by this method is less than +' 0;355^ 

as the possible error in the calculation of a ratio is decreased 

due to the use of a combination of five different wavelengths.

In addition to these, one more important advantage of this , 

method is that, even at protein concentrations three times ■-

(w/v) greater than the D M  concentration, a reliable determinatic 

of G + C can be obtained using the absorbancy ratio of

245/270. • - . :

Interspecies comparison of thermal stability of Cot fractions 

We have studied the thermal denaturation behaviour of 

different Cot fi*actions in finger millet,pearl millet and rice. 

These Cot fractions presumably consist of DNA sequences of (

varying degrees of frequency of repetition and kinetic 

complexity. By studying the melting profile of total, sonicated



117

D M  or of total repetitive fraction, we only get an idea 

about the average Tm value and gross heterogeneity in base 

composition. Analysis of individual Cot fractions, which ,,v 

include D M  sequences reannealing in a narrow Cot range, enables 

us to pinpoint any specific differences which otherwise cannot 

be detected. This is very ?/ell illustrated in the case of 

■pearl millet. In thi.s species, the total DNA has a smooth 

melting curve, whereas Cot Cl1, 1.0 and 10.0 DI'IA fractions show 

a clear biphasic melting profile. The high melting component 

seen in the above D M  fractions is not observed in Cot 0.1 to

1.0 and Cot 1,0 to 10.0 D M  fractions (Table 3,4). This , 

suggests that the high melting fraction is a component of very , 

rapidly reassociating D M  (Cot <C 0.1 mol x sec/l) and is 

restricted to that fraction only. This is confirmed by the 

lowering in the proportion of high melting fraction in Cot 1.0 . 

and Cot 10,0 D M  fractions. The proportion of high melting 

D M  component in Cot 0.1 D M  is 50?̂  of the total Cot 0.1 D M .  

Since Cot 0.1 D M  itself represents 2^o of the total pearl 

millet D M ,  the high melting component would account for 10̂  ̂

of the total D M .  Similar calculations carried out for Cot 1.0 

and Cot 10,0 fractions reveal the proportion of high melting ' 

component as approximatelj;' Ilfo and of the total D M ,  

respectively. The latter proportion is somewhat a low value 

than expected.

If we compare the Tm values of the different Cot fractions 

in each species, the variations are quite small suggesting 

a similarity in their G + C content. We have not been able 

to characterize these Cot fractions by using other methods such
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. as isopycnic centrifugation in neutral CsCl gradients. Fo 

conclusions can, therefore, be arrived at about the general 

similarity in the Tm values of different Cot fractions, , 

Nucleotide sequence divergence in repetitive DKA fractions

The thermal denaturation data of the repetitive D M  fractions 

in all the three Gramineae species (Table 3,4-) have revealed 

varying percentages of base mismatch. In general, it is known
♦

that the degree of base mismatch in a given DHA fraction gives 

an indication of the extent of sequence divergence. Thus the 

D M  sequence divergence will be more if there is a substantial 

base mismatch in the D M  duplexes. In plants, only a limited 

data are reported on the thermal stability of repetitive D M  

duplexes. In rye, wheat, barley and tobacco (Ranjekar _et al., 

1974; 1976; Smith and Flavell, 1975; Zimmerman and Goldberg,

■ 1977) for example, upto 15/̂  base mismatch is observed in 

repetitive duplexes indicating a considerable degree of sequenc 

divergence. The repetitive D M  fraction in finger millet shows 

a base mismatching of 10 - 13^ and thus resembles the repetiti-\ 

DNAs in the above species. .In the case of pearl millet Cot 0,1 

and Cot 1.0 D M  fractions, there is comparatively less base 

mismatching (approximately 5%) and therefore less sequence 

divergence (Table 3-4). The repetitive D M  of rice is rather 

. unique in consisting of nucleotide pairs with very low percent 

base mismatch and hence, negligible sequence divergence.

Kinetic complexity of Cot 1 D M s

. The optical reassociation data have enabled us to get

some information about kinetic heterogeneity of D M  sequences

reannealing by Cot 1,0, The lowest Cot values at which the
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percentage reassociation is meas'ured during optical reassociation 

st-udies is of the order of 10”̂ mol x sec/l. A t this Cot, 

approximately 5 - of the Cot 1 D M  formr, duplexes. \7e have -r
»

determined the collapse hypochromicity as 2.5 - y!° caused by ' 

increased secondary structure when denatured D M  is cooled from 

9 8°C to 6 2°C, The collapse hypochromicity is also calculated 

using the formula of Bendich and Anderson ( 1977). , .
I ,

io Collapse =,a + (t^^ - t^) (0.0078 GC + b) ,

where a = 1 2 . 6  for 0.12 M PB .

t25 = Tm -25°C

■t̂  = incubation temperature

GC = percentage G + C value obtained from Tra

b = 0.31 for 0.12 M PB '■

I^om above calculation, we get io collapse hypochromicity ' 

as 11.37^ for finger millet. The hyperchromicity of total 

finger millet D M  is 20^. So the collapse hypochromicity is (20?^ 

X 11.37?^)/100 = 2.27^. This value of 2.27 is similar to the 

experimental value of 2.5^. ■ Similarly the calculated value of 

3.4^ for pearl millet is very close to the experimental value 

(3.0^). Only in the case of rice, the calculated value 1.36?^ is 

rather low as compared to the experimental value (2,5?'^). If we 

substract the collapse hypochromicity value from the percent 

reassociation at Cot 10“̂ mol x sec/l, the remaining 2 - 8 ^  

would most probably represent mainly the highly repetitive D M  • 

sequences.

During the study of optical reassociation of Cot 1.0 D M

fraction in all three species (Fi^s. 3.13, 3.14 and 3.15), only
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one kinetic component was otiserved in the case of finger mille 

With, frequency of repetition asi9.7 x 10 and complexity as 

7.7 X lO'̂  np. The curve fitting procedure revealed that this 

fraction followed a second order kinetics indicating the 

presence of one discrete frequency class of D M  sequences s. • 

(Fig. 3.16), Relatively discrete frequency components which 

can he physically isolated and shown to reassociate essentiall 

by second order kinetics, do exist in several (but not all) an 

genomes (Britten and Davidson, 1971; Hough and Daviijenn, 1972 

Of the higher plant genones so far analyzed in this way, only

tobacco has been shown to contain a large fraction of repetiti

(Zimmerman and Goldberg, 1,977) 
DHA clearly belonging to three discrete frequency classes/ .

Two distinct kinetic fractions are observed in the case 

of pearl millet and rice Cot 1.0 fractions. The minor fast 

reassociating fraction, which represents 28 to 35/^ of the tota 

Cot 1.0 DKA in these two species, has a kinetic complexity in 

the range of 330 to 390 np. The major slow-reassociating 

fraction is more complex and consists of 1,5 to 6,0 x 10^ np. 

The Cot 1,0 DKA fraction in pearl millet and rice, therefore, 

resembles some of the plant satellite DKAs which have been 

shown to consist of at least two kinetic components (Bendich 

and inderson, 1974; Chilton 1975; Sinclair e^ a ^ , , 1975; 

Timmis e t ^ . , 1975; Beridze and Bragvadz*e, 1976; Capesius, 

1976; Bendich and Taylor, 1977; Timmis and Ingle, 1977;

Ranjekar £t al , , 1978a; 1978c; Beridze, 1980a; 1980b). .

These fractions in pearl millet and rice do not show the

close fit between the experimental curve and the ideal cul^e

for second order reaction. This clearly indicates the \ '



heterogeneity of these fractions. One reason for lack of close 

fiting can be the reassociation of completely complementerybase 

pairs between essential homologous sequences does not take place 

in the case of pearl millet and rice Cot 1 D M  fractions. This 

can be explained by comparatively low thermal stability in the 

case of pearl millet Cot 1.0 DHA, However, in the case of rice, 

the Cot 1,0 duplexes are as stable as native, sonicated DNA,

Hence the possible reason of lack of close fit between experimental 

and ideal curve may be the existence of many unrelated families 

of repetitive LRA sequences with different kinetic complexities 

in rice Cot 1,0 DMA.

Erom the thermal denaturation data in Table 3.4, it is 

clear that in finger millet the nucleotide sequences in Cot 1.0 

D M  exhibit a base mismatching of the order of 12,8^, whereas, 

those in the low melting component of the Cot 1 ~DM fraction in 

pearl millet reveal a base mismatching of 5.4?^t Since base 

mismatching has been shown to cause an increase in the Cot 1/2 

value of a DlIA fraction (Sutton and McCallum, 1971) the 

complexivties j of the Cot 1 DNA fractions in finger millet 

and pearl millet are likely to be still simpler than those 

calculated in Table 5.6. In the case of pearl millet Cot 1,0 

D M ,  the coi>relation between the two thermal fractions and the 

two kinetic fractions has not yet been studied. Even at lower 

Cot values such as 0,1 mol x sec/l, the two thermal and the two 

kinetic fractions are evident. In view of a high Tm value of 

94,8°C of one of the txvo thermal fractions of Cot 1,0 D M ,  it 

is very likely that one of the kinetic components of Cot 1,0 

D M  consists of very similar nucleotide sequences.

I 2 i
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CONCLUDING R E M R K S

Thermal stability of native, unsonicated D M s  of four 

Gramineae species is in the range of 8 5°C to 88.6°C* The Tm 

of pearl millet DNi (88.6°C) is the highest in all the four 

species as well as in other plant species studied so far. The 

G + C contents estimated from thermal stability compare well 

with those from spectrophotometric method and are in the range 

of 38.0 to 48.0%.

Thermal denaturation properties of different Cot fractions 

of finger millet, pearl millet and rice are studied to know 

more about their base composition and heterogeneity. The melting 

temperatures of different Cot fractions of fingar millet and 

rice are in the range of 70.8 - 73.6°C and 79.6 - 82.6°C, 

respectively.

In the case of pearl millet. Cot 0.1, 1.0 and 10.0 DNi\ 

fractions show biphasic melting profiles. The melting curves 

of Cot 0.1 to 1.0 a n d -1.0 to 10.0 D K A 'fractions are monophasic. 

This clearly indicates that the DN/i sequences of high melting 

fractions reanneal by Cot 0,1 mol x sec/l.

The base mismatching is observed to be maximum (10 - 13?̂ ) 

in the case of finger millet, intermediate (3.8 - 9?̂ ) in the 

case of pearl millet and negligible (0.8 - 3.8?^) in the case of 

rice.

Optical reassociation of Cot 1.0 DNAs of these three species 

reveals the presence of two components in the case of pearl 

millet and rice and only one component in the case of finger 

millet. Finger millet Cot 1,0 fraction reassociates with second 

order kinetics indicating the presence of one discrete component
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On the other hand, pearl millet and rice Cot 1.0 fractions do 

not reassociate with second order kinetics and are heterogeneous,
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D M  SEQUENCE ORgANIZiTION IN THREE GRAMIFEAE SPECIES 

INTRQIUCTION

DNA sequence organization refers to the arrangement of 

repeated and nonrepeated DMA sequences in a genome, i^fter 

having known that the fraction of an eukaryotic genome consists 

of repeated sequences, it is of interest to know how these 

sequences are arranged or distributed with respect to single 

copy sequences and v/hat are their approximate lengths. Such 

information is expected to throw light on several important 

questions such as gene regulation.

In earlier studies on repetitive D M  in bovine and mouse, 

it was indicated that some repetitive sequences were scattered 

throughout the genome (Bolton _et , 1966; '''̂ aring and 

Britten, 1966; Britten, 1969; Britten and Smith, 1970). 

However, during the period of last ten years, iDHA sequence 

organization has been studied in detail in a large number of 

animal and plant species. Based on these data, it is now known 

that there is an interspersion of repeated and single copy 

DNA sequences and that there are two main patterns of D M  

sequence interspersion namely short period and long period.

Plant genomes have been observed to differ from those 

of animals in two important respects, Firstly, they have 

relatively more proportion of repetitive D M  sequences. 

Secondly, the lengths of the interspersed repeated sequences 

are highly variable in different species. In Chapter II and 

III, v/e have described the genome characterization of four 

Gramineae species. 'Je have also carried out the D M  sequence 

organization studies in finger millet, pearl millet and rice
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to determine whether they differ from the other well 

characterized Gramineae species, namely wheat (Flavell and 

Smith, 1976) and rye (Smith and Plavell, 1977) in the mode of 

arrangement of repeated and single copy DNA sequences. For 

these studies, the reassociation kinetics of D M s  of different
t

fragment lengths were first determined in the Cot range of,10 

to 5 X 10^ mol X sec/l. The reassociated duplexes were 

characterized by hyperchromicity measurements. Sizing of the 

S^ nuclease resistant repetitive duplexes was carried out by 

agarose colutnn chromatography as well as agarose gel- 

electrophoresis.

The present work on DNA sequence organization in finger 

millet, pearl millet and rice was undertaken in early 1979. 

However, by the time th.e work on pearl millet genome was compl 

a report on DNi sequence organization in pearl millet genome 

appeared by l¥impee and Rawson ( 1979). Our data on pearl 

millet genome are found to be comparable to that of V̂ i'impee 

and Rawson ( 1979). and are given in full details in this thesis

M T m iA L S  A¥I) METHODS 

Extraction of DI^

DNAs of finger millet, pearl millet and rice were isolate 

from eight days old plants as described in Chapter II.

DNA shearing and sizing

DNA fragments of an average length of 550 np were obtaine 

by sonication for three minutes using Biosonic III fitted with 

half an inch probe as described in Chapter II. Sonication wit: 

1/4 inch probe for one minute at 20 setting yielded DNA 

fragments of 1500 np. Larger DNA fragments (4900 np) were
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obtained by homogenizing the D M  solution in Sorvall Omniraixer 

(Model No. 17106) for 6 mins at 25,000 rpm. DMAs of fragment 

size in the range of 1000 - .3000 np were obtained using Virtis 

60 K homogenizer by varying the conditions of speed and time.

The average fragment lengths of the above sheared 

preparations and of native DIIA samples were estimated by 

ultracentrifugation in neutral sucrose density gradients as 

described in Chapter II as well as by agarose gel electrophoresis 

as described later,

D M  reassociation kinetics

Reassociation kinetics of finger millet, pearl millet and 

rice D M s  of all sizes were measured as described in Chapter II. 

Separation and estimation of denatured and reassociated D M  

fractions were carried out as described in Chapter II,

Thermal denaturation of repetitive DM ., fractions

Thermal denaturation studies of repetitive D M  fractions 

from .DMs of all sizes were carried out in a Gilford 

spectrophotometer 250 equipped with thermoprogrammer (Model 

No. 2527), analog multiplexer (Model No. 6046) and reference 

compensator as described in Chapter III, In these studies, the 

data were used without any correction.

Single strand collapse was determined according to the 

procedure of Davidson _et aa. ( 1973). IJnreassociated, unique 

D M  which included the D M  sequences reassociating after Cot 25 

mol X sec/l in finger millet, Cot 10 mol x sec/l in pearl millet 

and Cot 50 mol x sec/l in rice was isolated by HA column 

chromatography. It was melted in 0,12 M PB, pH 6.8 and the 

hyperchromicity value was observed to be in the range of
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Vfo to 1*5% in all the species, 

nuclease digestion

These experiments were carried out according to the 

procedure of Murray et al., (1978) with some modifications.

Native DHAs of fragment size in the range of 5700 - 8200 np 

were dialyzed against 0.18 M NaCl plus 0,006 M PIPES buffer, 

pH 6,8, The DKA samples were denatured in boiling water bath 

for 10 min and allowed to reassociate at 6 2 to a specific 

Cot value, ifter reassociation to specific Cots, the DNA samples 

were adjusted to 25 mil sodium acetate (pH 4,5), 0,1 mT./! ZnSO^,

25 MT 2-mercaptoethanol (Goldberg e_t e a . , 1975; Britten o

1976), A t least 1,5 to 2 mg of DKA was used for each experiment, 

10 units of nuclease (Boehringer) per Mg of DNA were added 

and the samples incubated for one hour at 37°C so as to remove 

all single stranded regions. The reaction was terminated by 

adjusting the samples to 0,12 M PB (pH 6.8) and cooling the 

samples to 4°C, S:̂  nuclease resistant duplexes were then

separated by HA column chromatography by their specific elution 

at 0,4 M PB (pH 6,8), These samples werfe dialyzed against 0,12 M
♦

PB (pH 6,8) for melting analysis as well as to determine the 

size of the duplex DNi,

Sizing of nuclease resistant reassociated duplexes 

Agcuose column chromatography

The size distribution of resistant duplexes was 

determined by gel filtration on agarose (100 - 200 mesh 

size, Biorad Laboratories) column, previously calibrated with 

calf thyinus DHA of known duplex lengths.
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(a) Isolation of calf th^^us DNA of known fragmejat length

Calf thymus DM of size more.than 1500 np was obtained 

commercially. It was then sonicated for three,minutes using 

Biosonik III as descrited in Materials and Methods of Chapter 

to get 550 np long DNTi. Calf thynius D M  of 250 np fragment 

size was obtained by homogenizing it in Virtis 60K homogenize] 

for 50 min with 55,000 rpm. The sizes were determined by 

sucror^e density gradient centrifugation and agarose gel 

electrophoresis.

(b) Preparation of agarose column

The agarose gel matrix (fully hydrated in 0.001 M Tris- 

EDTi buffer, Biorad laboratories) was poured around 4 mm glas! 

beads in a 92 cm x 1.5 cm column. The column was equlibriate 

with 0.12 M PB (pH 6.8). The column was reused a number of 

times, by washing it with 0.12 M PB (pH 6.8) each time after 

eluting the sample completely. ■ .

(c ) Elution of DMA fragments

wApproximately 70 - 100 jcig of nucle&i-se resistant

duplexes, separated by Hi column chromatography, were loaded 

the column and the elution was carried out with 0.12 M PB 

(pH 5.8). The effluent was continuously monitored with the 

help of LKB Uvicord at 253 nm (Sachs and Painter, 1972; Wimp 

and Rawson, 1979). The exclusion limit of this column was 

1500 nucleotide pairs,
/

Agarose gel electrophoresis

The DNA fractions eluted from the agarose columns were ' 

analyzed by agarose gel electrophoresis for exact sizing. 

These experiments were carried out as described by Thomas
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and Davis (1975) with slight modifications.

Agarose solution was prepared by dissolA/ing agarose (1.4^ 

w/v) in Tris/Borate buffer (0.0<S9 M Tris, 0.089 M boric acid, 

pH 8.5 and 2.5 ml.I Na2 EDTA) and heated in a boiling water bath. 

'The hot agarose solution (around 60 - SO°C) was poured in glass 

tubes (15 cm X 0..6 cm inner diameter) which were sealed at the 

bottom with dialysis tubing. The gdls were allowed to set for 

about one hour. Then the tubes were filled with Tris/borate 

buffer and the gels stored in cold (4°C) till further use. Abo'

2 - 3 ,/jg of DRA sample in Tris/borate buffer adjusted to 105̂  ̂

sucrose was layered under the buffer on the top of each gel 

and electrophoresis was carried out at 50 volts for 5 h at room 

temperature. After electrophoresis, the gels were stained 

overnight with 0.004^ solution of toluidine blue and were then 

destained in distilled water (Phillippsen and Zachau, 1972; 

Phillippsen et a.1., 1974). -As a standard, h  DM (Boehringer) 

hydrolysate was used. About 5 Jiig of A  D M  in 0,2 ml of Tris/ 

borate buffer was taken and 0.0Z^9 ml of 0,5 M Tris-HCl, 0.25 M 

WaCl and 0.05 M MgCl2 at pH 7.5 was added. To this, 1 /j1 of 

restriction endo Auclease EcoRI (Boehringer) was added and the 

mixture was incubated at 5 7°C for 1 h. To stop the reaction, 

0.0‘5ml of 7 mole/l urea solution, 505̂  (w/v) sucrose, 0.1 M mole/

1 I'lap EDTA , pH 7.0 was added. This X  D M  hydrolysate was applied 

to the gel and electrophoresis was carried out as described 

above,. The gels were stained with toluidine blue and destained' . 

in water. These gels were scanned at 546 nm in Gilford 250 

spectrophotometer equipped with gel scanner. Six bands of ' 

different molecular weights were observed. As the separation
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and resolution of nucleic acids in agarose gel electrophoresis 

is depending on the basis of molecular size (Johnson and 

Grossman, 1977), within a limited range, the electrophoretic 

mobility of DNA can be an approximately linear function of the 

logarithum of molecular weight (Helling ejt al., 1974; Moore ' , 

s i * » ‘1977; Pangman, 1978). Hence, a graph of log molecular 

weight against electrophoretic mobility for known molecular 

weights of fragments of X DKA cleaved by EcoRi was plotted.

From this graph, the molecular weights of nuclease resistant 

repetitive duplexes of finger millet, pearl millet and rice 

LNi as well as native DHAs of different fragment sizes were 

determined. ' '

RESULTS ' ' '

Reassociation kinetics of DIJAs of different fragment lengths 

The most reliable method used in understanding the D̂ IA 

sequence organization in a genome is to study the reassociation 

kinetics of DMAs of different fragment sizes under identical 

Cot conditions (Davidson tJ., 1973; Gral am _et , 1974; 

Goldberg jet a l . , 1975). The reassociation kinetics of DNis of 

finger millet (Pig. 4.1), pearl millet (Fig. 4.2) and rice 

(Pig. 4.3) of four different fragment lengths in the range of 

550 - 8200 np were studied. Aŝ  no labelled DKAs were used, the 

reassociation experiments were carried out in the Cot range 

of 10 ^ to 5.0 X lo”* .mol x sec/l only. By Cot 5.0 x 10^ mol x 

sec/l, almost all repetitive DNA sequences and very few single 

copy sequences were assumed to reassociate (Deshpande and 

Ranjekar, 1980). ‘ ‘

In the case of finger millet (Pig. 4.1), the extent of •
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Reassociation k ine t ics  o f  W As o f  lonp- ftra^ment . ' 
lengths. The LTiAs o f  four frafrment lengths o f  
pear l  m i l l e t  were obtained as described in ’ Iateria.ls 
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the Cot ranpe o f  10"^ to 10  ̂ mol x sec/l.  
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5̂ :̂ 0 np; ( )  150 ^̂ np; 4900 np and
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Reassociation k inet ics  o f  DKAs o f  lon^ fra-rment 
lengths. ?he DNAs o f  four frafrment lengths o f  r i c e  
were obtained as described in Materials^'^and T.Tethods 
and th e ir  reassoc ia t ion  was studied in the 'Cot ran^e 

-2 . .o f  10  ̂ to 5 X 
o f  r i c e  DM ( 
4900 np; (

mol X sec/ l .  Reassociation ciirves 
) 550 np; 1500 np;
6500 np.
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llA binding increases from 18^ to 28% and from 49^ to 5Qf  ̂ at 

Got 0,5 and 25.0 mol x sec/ l ,  r e sp e c t iv e ly ,  as tb.e fragment 

length increases from 550 np to 5700 np. This is  quite in 

contrast to the s i tua t ion  in  pear l  m i l l e t  (P ig .  4 .2 ) .  In the

l a t t e r ,  191̂  and 54^ o f  550 np long DM reassoc iates  hy Cot 0.1

and Cot 10.0 mol x sec/l,  r e sp e c t iv e ly ,  -while 56^ and 77.5^ o f  

8200 np long DM  is retained on the H.':o col-umn at Cot 0.1 and 

Cot 10.0 mol X seo/l,  r e sp ec t iv e ly .  Thus the increase in the 

reassoc ia t ion  (375̂  at Cot 0.1 and 23.5^ at Cot 10.0 mol x sec/ l )  

as the fragment length increases, is very s ig n i f i c a n t  in the cas 

o f  pear l  m i l l e t .

The reassoc ia t ion  k ine t ics  o f  r i c e  DKAs o f  d i f f e r e n t  

fragment lengths are s t r ik in g l y  d i f f e r e n t  from those o f  f in g e r  

m i l l e t  and pear l  m i l l e t  (P ig .  4 .3 ) .  The Cot curves o f  550 np 

and 1500 np r i c e  DMA revea l  the presence o f  two d i f f e r e n t  k ine t i  

f rac t ions  separable at Cot 1,0 mol x sec/ l .  This tjrpe o f

d is t in c t io n  becomes unclear in the reassoc ia t ion  curve o f  4900 r

long DM and is  completely a'’'>sent in the Cot curve o f  6500 np 

long DM. There is  a s l i g h t  increase (52̂  ̂ to 35%) in  the 

reassoc ia t ion  value at Cot 50 mol x sec/l with increasing DM 

fragment lengths from 550 np to 6500 np. However, since the 

experimental sca tte r  o f  to 8fo is  observed in the percentage

reg,ssociation values at each Cot point ,  th is  increase in the
t

reassoc ia t ion  value is  n e g l i g ib l e .  The reassoc ia t ion  at lower 

Cot values shows some d i f fe rences  with the DMs o f  d i f f e r e n t  

fragment lengths. For example, &fo o f  the DM 550 np long and 

23fo o f  the DM 6500 np long are reta ined on ILA at Cot 0.05 

mol X sec/l.
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An Increase in the 'binding to EA as a function o f  DM  

fragment length is  considered to be an ind icat ion  o f  the 

occurrence o f  in terspers ion  o f  r e p e t i t i v e  and nonrepet it ive  DNA 

sequences (V/etmur and Davidson, 1968; Davidson e_t , 1973). 

The reassoc ia t ion  data on f inger  m i l l e t  and pear l  m i l l e t  

indicate that the repeated sequences may be interspersed with 

nonrepeated DMA sequences. The resu lts  in the case o f  r i c e ,  

however, re vea l  that there may not be an in terspers ion  o f  

repeated and s ing le  copy DM sequences.

Before a r r iv in g  at the conclusion that there is  DM

sequence in terspers ion ,  i t  is  necessary to study the e f f e c t  o f

DM fragment length on the extent o f  binding o f  DM fragmont-^  ̂ to 

l lA . DM fragments containing both s ing le  copy and r e p e t i t i v e  

sequence elements on the same .strands w i l l  have ra te  constants 

greater  than those predicted by the e f f e c t  o f  fragment length 

alone (Wetmur and Davidson, 1968; David^or\ et a l .  , 1973).I f  then 

is  no in terspers ion  o f  d i f f e r e n t  k in e t ic  components then the 

reassoc ia t ion  rate  w i l l  s o l e l y  be a f fe c ted  jy the fragment 

length and the observed ra te  constants o f  r e p e t i t i v e  DM

frac t ions  w i l l  only vary as a function o f  the square roo t  o f

the r a t i o  o f  the fragment lengths o f  the two fract ions  in  

comparison; th is  being represented by the fo l low ing  formula;

K1/K2 = (L1/L2)°*^

where L I  = short fragment s ize  in np

L2 = long fragment s ize  in  np

K1 = ra te  constant f o r  reassoc ia t ion  o f  short ( L l )
fragments

K2 = ra te  constant fo r  reassoc ia t ion  o f  long (L2) 
fragments
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(Wetmur and Davidson, 196S), Table 4.1 summarizes the observed

and the predicted ra te  constants fo r  d i f f e r e n t  fraginent lengths

o f  f inger  m i l l e t ,  pear l  m i l l e t  and r i c e .  I f  there is  no

in terspers ion  o f  r e p e t i t i v e  and nonrepet it ive  DNi\, then the

observed ra te  constant (K^i^g) w i l l  be equal to the predicted

ra te  constant and the r a t io  o f  w i l l  become 1.

In the case o f  f in g e r  m i l l e t  and-pearl m i l l e t  the obcerved ra te

constants are in the range o f  0.7 to 13.0 and 2.0 to 25.0 
— 1 — 1l .m o l  .sec , r e sp e c t i v e ly  (Table 4.1) and are g rea ter  than 

the ra te  constant predicted by considering the e f f e c t  o f  

fragment length alone. Thus the ra,tios ^Q-bg/Kp̂ -̂ed 

range o f  3.0 to 6,0 in the case o f  f inger  m i l l e t  and pearl  

m i l l e t ,  suggesting the presence o f  s ing le  copy DKA sequences :‘jr- 

an unreassociated form contin^Tjous to r e p e t i t i v e  duplexes,- "leiice 

i t  appeares that about 58^ o f  the t o t a l  genome o f  f in g e r  m_illet 

(5700 np) and 77.5l(,of that o f  pear l  m i l l e t  (0200 np) consist 

o f  interspersed sequences.

In ''.he. case o f  r i c e ,  th.: observed rate  conr^taiits o f  the 

repeated DM sequences at d i f f e r e n t  f rag ’nent lengths are not 

greater  than the predicted ra te  constants -which are calculated 

by taking into  consideration the fragment lengths a.lone, except 

fo r  the maximum s ize  o f  6500 np. Here the increase in  the 

observed ra te  constant is  due to the in terspers ion  o f  d i f f e r e n t  

r e p e t i t i v e  components. S imilar studies carr ied out f o r  the 

f i r s t  k ine t ic  component namely, h igh ly  r e p e t i t i v e  DM 

reassoc ia t ing  upto Cot 1.0 mol x sec/ l ,  shows that the observed 

ra te  constants are greater than the predicted values for  a l l  

the d i f f e r e n t  s izes  (Table 4 .1 ) .  The most probable explanation
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Table 4.1° Comparison o f  the exper imental and the predicted 

r ate constants ( K) of_ the repea ted DM i!ractions 

01  d i f f e r e n t  fragment lengths

D M Fragment Cot 1/2 
length

Observed Predicted 
observed K

Kobserved

np mol X sec/l l .mol -1 1 . mol -1 K.■predicted

see""' -1sec

1 2 *2 4 5 ‘ 6

Finger 550 1.4 X 10° 0.714 -

m i l l e t 1500 2 . 0 X 10"^ 5 . 0 0 0 1.179 4.24

Cot 25.0 4900 1.25i X: 10" 8 . 0 0 0 2.1319 ■ 3.7525

mol X sec/l 5700 7.5 X 10“ ^ 13.300 Z.2994 5.784

Pearl 550 4.8 X 10"^ 2.083 - —

m i l l e t 1500 4.7 X 10-2 21.27 3.44 . 6.183

Cot 10.0 4900 4.0 X 10” ^ 25.00 6.217 4.0206

mol X sec/l 8200 < 4 .0 X 10-2 >25.00 8.045 > 3 . 0 0 0

-Rice 550 7.0 X 10“ ^ 1 .4 28 - ' -

C o t .50.0 1500 6 . 0 X 10“ ^ 1 .6 6 6 2.358 0.7065

mol X sec/l 4900 3.8 X 10“ ^ 2.631 4.262 0.6173

6500 4.0 X 10"2 2 5 . 0 0 0 4.910 5.0916

Rice 550 1.9 X 10“ ’' 5.26 -

Cot -1.0 1500 8 . 2 X 10“ 2 1 2 . 1 9 6 8.687 1 . 4 0

mol X sec/l 4900 < 5 .0 X 10-2 >2 0 . 0 0 15.701 >  1 . 0

'
6500 <5 .0 X 10“ 2>2 0 . 0 0 18.088 7 1 . 0

aCalculated from the reassoc ia t ion  curves upto Cot 25.0, Cot 10.0
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and Cot 50.0 mol x sec/l in case o f  f inger  m i l l e t ,  pearl  m i l l e t

and r i c e  r e sp ec t iv e ly  (F ig .  4.1., 4.2 and 4 .3 ) .
1

Got 1/2

"Calculated using K^/K2 = (Li/L2)®*^ where and are the 

ra te  constants fo r  the reassoc ia t ion  o f  short (L1) and long 

(L2) fragments, r e sp ec t iv e ly .



o f  such phenomenon could be the absence o f  in terspers ion  o f  

r e p e t i t i v e  and nonrepet it ive  DNA sequences and the presence 

o f  in terspers ion  with in r e p e t i t i v e  sequence elements,

Hyperchr omicity studies o f  reassociated r e p e t i t i v e  W h  fragments

Since hyperchromicity o f  a given DliA f rac t ion  is nearly  '

proport iona l to i t s  duplex content (ifeividson et aj^., 1973), the 

melting behaviour oi r e p e t i t i v e  DM frac t ions  o f  d i f f e r e n t  

fragment lengths was studied.

Ls  shown in Pig. 4.4 and 4.5 and Table 4.2; there is a 

s l i g h t  increase in the melting temperature o f  the reassociated 

duplexes (1 .5  -  4*0°C) while the hyperchromicity decreases with 

increasing fragment length. The decrease in  the hyperchromicity 

o f  f inger  m i l l e t  r e p e t i t i v e  duplexes is  small (14.2?^ -  11.4/0 

whereas in pear l  m i l l e t  the decrease is  s ig n i f i c a n t  (19.4/^ -  11.6^o)« 

Such decrease in  the hyperc,hromicity o f  a r e p e t i t i v e  IMA f rac t ion  

with  an increase in DM fragment s ize  is  a ttr ibuted  to the 

increasing presence o f  s ing le  strand regions in  the reassociated 

fragments. These s ing le  stiand regions are most l i k e l y  unique 

sequences which remain unreassociated at Cot 25.0 and Cot 10.0 

mol X sec/l in the case o f  f in g e r  m i l l e t  and pearl  m i l l e t  

r e s p e c t i v e ly  and contribute very  l i t t l e  (1̂  ̂ -  1.5/ )̂ to DM 

hyperchromicity. These data, thus provide an add it ional 

evidence f o r  the existence o f  r e p e t i t i v e  and nonrepet it ive  DM 

sequences on the same strand in f in ge r  m i l l e t  and pearl  m i l l e t  

genomes.

Hyperchromicity measurements o f  reassociated long fragments 

o f  DM can be used to determine the average f ra c t io n  o f  

reassociated fragments which are in  duplex structures (Davidson

139
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TEM PERATU R E *C
4.4: Thermal denaturation p r o f i l e s  o f  finp-er n i l l e t  

Cot 2̂3 DFAs o f  various fra.irnent lengths, compared 
to that o f  nat ive ;  550 np lon.e nat ive  DI'IA ; )
550 np; ( - ^ ^ )  1500 np; " ( -X  -X- ) 4900 np; (-d--®")
5700 np and ( ) ,  native 550 np long DNi. Each
point in these (graphs represented an average o f  
at leas t  f i v e  ext)eriments.
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TEMPE RATUR E
?!:?•. 4.5*. Thermal denaturation p r o f i l e s  o f  pearl  m i l l e t  Cot 

10 DNAs o f  various fragment lengths, compared to 
that o f  native 5‘̂ 0 np long DNA; (-0—0-) 550 np;

1500 np; ( )  4900 np; ( - ^ - « - )  8200 
np and (-♦—• - )  nat ive ,  550 np, long DM. Each 
point, in th-"se frraphs represented an average o f  
a t le a s t  f i v e  ex'oeriraents.



H 2
Table 4.2; H ype^rchromlcity and fragment lengths

I'lative
sonicated
DM

Finger m i l l e t

1. Fragment s ize  (np) 550 1500 4900 5700 550

2. Fraction tound to 
lU  at Cot 25.0®-

0.49 0.535 0.575 0.58 -

■h
3. liyperchromicity ■" 0 . 1 4 2 0.13 0.118 0 . 1 1 4 0.27

4. Tm °C^ 73.0 75.0 76.5 77.0 83.8

5. Duplex content (D)^ 0.498 0.459 0 . 4 0 4 0.39 -

6. AversLge duplex 273 676 1979 2223 -

length®

7. Duplex content „ 
from nuclease

- - - 0.41 —

Pear l  m i l l e t

1, Fragment s iz e  (np) 550 1500 4900 8200 550

2. Fraction bound to 0.54 0.605 0.70 0.775 —

EA at Cot 10.0^

3. Hyperchromicity"^ 0.194 0 . 1 7 2 0.157 0.116 0.21

4-. Tm °C° {8 8 fo ) l8 .0 84.0 85.0 85.4 87.0 /
(12/092.0 4

5. Duplex content (D)*^ 0.918 0.805 0.728 0 . 5 1 7 -

6. -Average duplex 504 ' 1207 3568 4239 —

length®
7. Duplex content from 

nuclease
0.4955

^Obtained from Fig. 4.1 and 4 . 2.

■h
Obtained from Fig. 4 . 4 and 4 . 5. H;^rperchromicity (H) ■was
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calculated using the formula;

^260 (98-C) -  Aggo (6 0 “C)

i g g O

(Zimmerman and Goldberg, 1977; '?impee and Rawson, 1979). 

*^Obtained from Fig. 4*4  and 4.5.

^The average duplex content ( D) o f  bound fragment was estimated 

using the formulas

H -  s ing le  strand collapse

H (na t ive  sonicated DNi) -  s ing le  strand collapse

The hyperchromicity o f  the denatured s ing le  copy was 

determined in order to obtain a value fo r  s ing le  strand 

col lapse  and was o f  the order o f  (Graham £t al_. , 1974).

The average length o f  duplex region is the product o f  the 

duplex content ( D) and the fragmGnt length (np) o f  DliA,

f
Duplex content o f  nuclease treated r e p e t i t i v e  Dl'M fragments 

v;as obtained as

J'licrograms o f  nuclease re s is tan t  r e p e t i t i v e  
duplexes bound to HA column

Micrograms o f  nuclease treated t o t a l  BNA loaded 
on HA column.
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et a l , , 1973; Graham et , 1974; Goldterg ^  > ly v ? ) .

Using hyperchromicity values, we ca lcu late  that about 50^ o f  the 

550 np long DNii is  "base paired, while only 39/= o f  the 5700 np 

long fragments is  base paired in  f inger  .m il let .  The l a t t e r  

i s  a s l i g h t l y  lovver value as compared to the r e p e t i t i v e  DM 

content revealed from the reassoc ia t ion  curve o f  the 550 np long 

DM. S im i la r ly  in the case o f  pearl m i l l e t ,  91.8fo and 51.7^  ̂ o f  

the duplexes are base paired o f  the 550 and 8200 np long fragments, 

r e sp e c t i v e ly .  The estimated duplex content (51.7/^) o f  8200 np 

long DM is  in good agreement with the r e p e t i t i v e  DM content o f  

^^io obtained from the reassoc ia t ion  curve o f  550 np long DM.

The average s iz e  o f  the interspei®^’ ? r e p e t i t i v e  DM sequences 

which reassoc ia te  within 5700 np fragment in finger, m i l l e t  and 

8200 np fragment in pear l  m i l l e t  is  computed to bo 2223 np and 

4239 np, r e sp e c t iv e ly  (Table 4 .2 ) .

nuclease studies o f  reassociated r e p e t i t i v e  DM fragments ' 

iln independent approach to determine the presence o f  s ing le  

, strand regions in the reassooiated DM frac t ions  is  to use 

nuclease which is  known to d igest the s ing le  strand regions 

s p e c i f i c a l l y  on the reassociated DM fragments without d iges t ing  

the duplex reg ions.  Native DMs o f  f in g e r  m i l l e t  and pearl  

m i l l e t  (fragment s ize  in the range o f  5700 -  5200 np) were 

reassociated to Cot 25.0 and Cot 10.0 mol x sec/ l ,  r e sp e c t iv e ly .

nuclease was then added and the nuclease res is tan t  

duplexes were iso la ted  by hydroxyapatite column chromatography.

The hyperchromicities o f  the DM duplexes before and a f t e r  

nuclease treatment were determined. An Increase in the 

hyperchromicity o f  the nuclease re s is ta n t  duplexes is  assumed
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to be due to degradation o f  s in g le  stranded t a i l s  which are 

genera l ly  present qo^ ig-̂ ° to repeated DK/i sequences.

In the case o f  f inger  m i l l e t ,  585̂ ' o f  5700 np DM 

reassoc ia tes  hy Cot 25.0 mol x sec/l and this  DN/i f ra c t ion  

has an hyperchromicity o f  11.4/i .̂ j i f t e r  nuclease treatment, 

the hypcrchronicity o f  the 3̂  nuclease re s is tan t  W A  is  2  ̂ .57° 

(Table 4.2 and 4 .3 ) .  SiTfjllarly in pear l  m i l l e t ,  77.5^ o f  8200 np 

DNii reassoc iates  at Cot 10.0 -^ol x sec/l and has an hyperchromici-^ 

o f  11,67^, jfjpproximately 49.5/’̂ o f  the Cot 10.0 DM is  

nuclease re s is tan t  and has a hyperchromicity o f  (Table ^c'L 

and 4 .3 ) .  There is  thus a substantia l increase in the 

hjT^erchromicity o f  the nuclease res is tan t  DM duplexes in 

f in g e r  m i l l e t  as w e l l  as pear l  m i l l e t .  This can be a d irec t  

proo f  f o r  the occurrence o f  in terspers ion  o f  r e p e t i t i v e  and 

s ing le  copy DM sequences in these two species.

No s ign i f i c a n t  changes are observed in the Tm values o f  

Cot 25.0 and Cot 10.0 DM frac t ions  o f  f in g e r  m i l l e t  and pearl  

m i l l e t ,  before and a f t e r  nuclease treatment (P ig .  4.6 and 

4 .7 ) .  Since the Tms o f  the reassociated fragments are lower 

than those o f  nat ive ,  sonicated DMs, the hyperchromicities 

o f  these DMs are also expected to be lower than those o f  

nat ive  DMs. Taking into account the nucleotide base 

mismatching, the expected hyperchromicities o f  the DM 

frac t ion s  are also estimated. For example, nat ive ,  sonicated 

f in g e r  m i l l e t  DM has a Tm o f  83.8°C and hyperchromicity o f  

27.0%. The nuclease r e s is ta n t  duplexes have a Tm o f  78,0°C 

and thus have a base mismatching o f  5.8?  ̂ (B r i t ten  et a l* ,197^ ).  

Duo to the base mismatch, the hyperchromicity o f  th is  DM
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TEM P E R A T U R E  *C

Fir. 4..6; Therraal denaturation p r o f i l e s  o f  Cot 25 fin,'^er m i l l e t  
MA before and a ft-T  nuclease dip-estion alon^ v/ith
native 5^0 np lonf^ D'L4. ( - ^ - ^  ) before S. nuclease 
treatment; (-0—0 - ) , a f t e r  S.. nuclease treatment and 
(-A— natix'e, 5' 0̂ np lon/r DTIA, In these experiments, 
each point represented an averafre o f  at leas t  three 
d i f f e r e n t  experiments usinp- thrpe rli-r-fAT'f -̂n+ tiT'Ta
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Piff. A .7: Thermal denatiiration p r o f i l e s  o f  Cot 10 pea.rl m i l l e t  I
before and a f t e r  S. nuclease digestiori aion;-  ̂ v;ith nati 
550 np lonp T)'A. (.-X-'-X-), 'before S„ nuclease treatraen
( ~ 0 — o —)  a f t e r  rujiclease treatment ‘and (—A —A : - )  native 
550 np lonf-  ̂ T)TA. In these experiments each point 
represented *an average o f  at l e a s t  three d i f fe ren t  
ex-oeriiT .̂ents uninr- three d i f f e r e n t  DM prepsj/ations.
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Table 4 .3 ; Melting propert ies  o f  Ŝ  nuclease treated r e p e t i t i v e  

duplexes

Hyperchromicity
o

Experimental Expected

Tm

°C

Finger m i l l e t  

Pearl  m i l l e t  

Rice

21.5

18.0

3.9

25.4

20.6

6.5

78.0

85.4

75.8

Si 'Calculated using the formula (Graham ejt a l . ,  1974):

Fractions base paired sonicated, native D M  hyperchromicity. 

For example, nat ive ,  sonicated f in ge r  m i l l e t  DNA has a Tm o f  

83 .8 °C and a hyperchromicity o f  27iO^. The nuclease 

re s is tan t  Cot 25.0 f ra c t ion  has a Tm o f  78.0°C and thus 

a "base mismatch o f  (83.8 -  78.0) = 5.85 .̂ Due to base mismatch, 

the hyperchromicity o f  th is  DNA f rac t ion  is  expected to be 

(27.0 X (1 -  0.058)) = 25.4^>,



f ra c t ion  is expected to be (27.0 x ( 1.0 -  0 .58 ) )  = 25.4'^

(Graham £t a l . , 1974). The l a t t e r  estimated value compares with 

the experimental value o f  21.5/̂j (Table 4 .3 ) .  S im i la r ly  in the 

case o f  pear l  m i l l e t ,  there is  a good agreement between the 

expected and experimental hyperchromicity values (Table 4 .3 ) .

This further indicates that the s ing le  strand regions in DM 

frac t ions  are mostly digested by nuclease.

Since v;e assumed that a l l  the r e p e t i t i v e  DNii sequences 

reassociated by Cot 25.0 and Cot 10.0 mol x sec/l in  f inger  

m i l l e t  and pearl  m i l l e t ,r e sp e c t iv e ly  (Deshpande and Ranjekar, 

1980), the f ract ions  o f  hydroxyapatite bindable 5700 np LN/s in 

f inger  m i l l e t  and 8200 np DNi\ in pear l  m i l l e t  fragments which 

are in duplex form, most probably represent the percent o f  

r e p e t i t i v e  sequences. For example, approximately 41^ o f  

5700 np long hydroxyapatite bindable f ra c t ion  at Cot 25.0 

mol X sec/l in the case o f  f inger  m i l l e t  is  nuclease resisto,n 

and hence in duplex form. This estimate compares w e l l  with the 

estimated value o f  39i  ̂ obtained from hyperc’lromic ity  measurements 

Likevi/ise in  pear l  m i l l e t ,  49.5/  ̂ o f  S200 np long hydroxyapatite 

bindable f ra c t io n  at Cot lOoO mol x sec/l is  in duplex 

structures. This is  in o.greementi^/i+hthe hyperchromicity 

measurements { ,T/o) at this length.

In the case o f  r i c e ,  52 -  555̂  o f  6500 np DNi\ reassoc iates  

a t  Cot 50.0 mol x sec/ l .  i . f t e r  Ŝ  nuclease treatment, the 

proport ion o f  nuclease re s is tan t  DM is  only s l i g h t l y  

rcducod to 48^, This is  in  contrast to the s i tua t ion  observed 

in  f in g e r  m i l l e t  and pear l  m i l l e t ,  where the percent 

reassoc ia t ion  values are s i g n i f i c a n t l y  lower a f t e r  S-j nuclease

14!»



treatment. This c l e a r ly  indicates the near atsence o f  s ing le  

strand regions in  Cot 50,0 DM frac t ion  iso la ted  from 6500 np 

DM and thus supports the view that there is  no D M  sequence 

in terspers ion  in r i c e .  The proportion o f  nuclease r es is tan t  

Dl'IA {AQio) in r i c e  can also represent the estimate o f  r e p e t i t i v e  ■

DM content. The value compfiJres with the estimate o f  52^ as ' j

obtained from the reassoc ia t ion  k inet ics  experiments o f  550 np 

r i c e  DM, ^

Size d is t r ibu t ion  o f  r e p e t i t i v e  duplexes

i^garose ge l  column chromatography and agarose ge l  e lectrophoresis  

o f  nuclease res is tan t  r e p e t i t i v e  DM

The duplex length values as obtained from hyperchromicity 

measurements represent average s ize  estimates o f  the interspersed 

repeated segments. A d i rec t  estimate o f  the s ize  d is t r ibu t ion  

o f  r e p e t i t i v e  DM sequences is obtained by analysing nuclease 

re s is tan t  r e p e t i t i v e  duplexes using agarose column chromatography. 

In those g e l  f i l t r a t i o n  measurements, c a l f  thymus DM o f  known 

molecular weights was used as a standard (P ig .  4 .8 ) .  Erom 

F ig ,  4.9 and 4.11, i t  is  - quite c lea r  that there are

d i f fe ren t-  s izes  o f  r e p e t i t i v e  duplexes in case o f  f inger  

m i l l e t  and r i c e .  In the case o f  f in g e r  m i l l e t ,  20fo o f  the 

r e p e t i t i v e  duplexes has a s ize  more than 1500 np, SQffo has a 

s ize  o f  150 -  200 np and 2Qffo are o f  intermediate s i z e .

S im i la r ly ,  in the case o f  r i c e ,  35 -  is  o f  s ize  more than 

1500 np and 60 -  65/̂  is  around 50 -  100 np. Contrary to 

th is ,  pear l  m i l l e t  duplexes (F ig .  4.10) show only one peak 

o f  s ize  more than 1500 np.

150
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Prec ise  lengths o f  these DRA frac t ions  are then determined 

lay agarose ge l  e lec trophores is .  Here, X DKA digest  with EcoRI 

i s  used as a molecular vjeight marker (F ig .  4-.12). The banding 

patterns o f  high and low molecular weight f rac t ions  from 

agarose ge l  columns are as shown in Fig.  4.15 fo r  f inger  

m i l l e t ,  P ig .  4.14- fo r  pear l  m i l l e t  and P ig .  4.15 fo r  r i c e .  Prom 

the m ob i l i t i e s  o f  the excluded frac t ions ,  the molecular weights 

are estimated to be. 4000 -  4200 np, 4300 -  4500 np and 6000 -  

6400 np in the case o f  f in g e r  m i l l e t ,  pear l  m i l l e t  and r i c e ,  

r e sp e c t i v e ly .  M ob i l i t ie s  o f  the low molecular weight frac t ions  

o f  f in g e r  m i l l e t  and r i c e  go beyond the range o f  the molecular 

weight marker suggesting i t s  length,, to be less  than 500 np. 

Considering agarose column chromatography and agarose 

e lectrophores is  resu lts  together,  the lengths o f  the r e p e t i t i v e  

duplexes are estimated to be 4OOO -  4200 np and 150 -  200 np 

in  the case o f  f inger  m i l l e t ,  4300 -  4500 np in  the case o f  

pear l  m i l l e t  and 6000 -  64OO np ■-'.r.r’ SO -  100 np in the case o f  

r i c e .

Spacing o f  r e p e t i t i v e  sequence elements

The H/i chromatography data o f  the t o t a l  DM o f  d i f f e r e n t  

fragment s izes  as we l l  as the hyperchromicity measurements 

and the nuclease resis tance o f  the reassociated r e p e t i t i v e  

duplexes o f  d i f f e r e n t  fragment s ize  have shown that r e p e t i t i v e  

and nonrepet i t ive  sequences are interspersed in f in g e r  m i l l e t  

and pear l  m i l l e t  only. Purther more, these studies have 

revealed the proportion and the sequence length o f  the 

r e p e t i t i v e  DMA segments. The next question which ar ises  is  

about the length o f  s ing le  copy sequences which are present
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adjacent to thu r e p e t i t i v e  DM sequonccs. . A d irec t  estimate o f

the length o f  the interspersed s ing le  copy sequences can "be

obtained from a curve r e la t in g  the f ra c t io n  o f  DMA fragments

binding to HA and the DHA fragment length ( ’ '■̂ etmur and Davidson,

1 968 ) .  As mentioned e a r l i e r  Cot 25.0, Cot 10.0 and Cot 50.0 mo.

X sec/l were selected to measure the percent o f  DNA binding to ]

in  f inger  m i l l e t ,  pear l  m i l l e t  and r i c e ,  r e sp ec t iv e ly .  V7heneve:

there is  an in terspers ion  o f  repeated and s ing le  copy DNA
\

sequences, a certa in  amount o f  single ' copy .DFii w i l l  also bind 

to HA at these Cot vo''-ues. The amount o f  s ing le  copy DNA prese' 

as s ing le  strand t a i l s  on reassociated r e p e t i t i v e  duplexes w i l l  

increase with fragment length. This v^?ill be t:?ue to a fragment* 

length which is equal to the average distance between repeated 

sequences (Wetmur and Davidson, 1963; Davidson et a l . ,  1973). 

Prom P ig .  4-. 16 and 4.17, i t  is  observed that two slopes are 

present in case o f  f inger  m i l l e t  and pear l  m i l l e t  and the 

change in the slope occurs at a fragment length o f  approximate!, 

1800 -  2000 np, IJpto 1900 rp, there is a l in ea r  re la t ionsh ip  

between fragment length and percent binding to HA and thereafte: 

the increase in binding is  more gradual. The pos i t ion  o f  the 

change in slope is  in terpreted  as the approximate length o f  

s ing le  copy sequences. Therefore,  the length o f  the s ing le  

copy DN/j o f  f inger  m i l l e t  and pear l  m i l l e t  is  in the range o f  

1800 -  2000 np. In contrast to these observations, the binding 

curve o f  Cot 50.0 r i c e  DNA (P ig .  4.18) i s  a s tra igh t  l in e  with 

one slope only and is  a c lea r  ind ica t ion  o f  the fa c t  that there 

is  no sequence in terspers ion  o f  repeated and s ing le  copy DNA
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DNA F R A G M E N T  L E N G T H  ( NUCLEOTI DE PAIRS ) — ►

Pl^. 4.16: The percentage bindiriicr o f  f infrer n i l l e t  Cot 25
DTIA to hydroxyapatite as a function o f  fta.'ment 
lenrth .
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An estimate o f  the percentage o f  r e p e t i t i v e  DHA content 

in the present three plant species can be obtained by extra

pola t ing  the curves o f  g reater  slopes in each case to zero 

fragment length. The in tercept revealed the percentage o f  

r e p e t i t i v e  DM as 4-5/=, 50^ and in case o f  f inger  m i l le t ,

pearl  m i l l e t  and r i c e ,  r e sp e c t iv e ly .  These values are in clo£ 

agreement with the values obtained from reassoc ia t ion  kinetics 

hyperchromicity and nuclease measurements (Table 4.4-).

PIS CUSS lOLT

MA sequence arrangement

'7e have employed the most commonly used approaches for 

studying the DNA sequence organizat ion in eukaryotic genomes. 

Several authors have adopted the approach o f  using labe l led  

tracer DNis to study DFA reassoc ia t ion  with d i f f e r e n t  fragmen' 

lengths. We have not been able to obtain labe l led  DM o f  

s u f f i c i e n t l y  high s p e c i f i c  a c t i v i t y  and hence have not used 

labe l led  tracer  DRAs. Vorobev and Kosjuk (1974) and Baldri  

Amaldi (1976) have c l e a r ly  shown that th e ir  resu lts  obtained 

from sea urchin and Xenopus, using unlabelled DNAs are in goo( 

agreement ?/ith those o f  Graham £t ( 1974) and Davidson e t  f

(1973) where labe l led  DATA was used. In p lants, Wimpee and 

Rawson ( 1979) have used unlabelled DNA fo r  studj^'ing DMA 

reassoc ia t ion  k ine t ic s .  Since only cold DNA was used in  our 

experiments, we have been unable to estimate the zero time
♦

binding f rac t ion  and to apply the corresponding correc t ion  to 

the reassoc ia t ion  data.

We have iso la ted  Cot 25.0 in f in g e r  m i l l e t ,  Cot 10.0 in
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Table 4»4 ° Duplex content s _ f  r e p e t i t i v e DlIA fract ions

2.^ three -Graniineae species from vaxious independent 

methods

Finger m i l l e t Pear l  m i l l e t Rice

1. From reassoc ia t ion  
curve o f  550 np DI\IA 
(F ig .  4.1, 4.2 amd 
4 .3 ) .

0.49 0.54 0.52

2. Hyperchromicity 
measurements 
(Table 4.2)

0.39 0.51 —

3. nuclease resistance 0.41 •0.495 0.48
measurements (Table 4.2) »

4. From graph Ho 
reassoc ia t ion  Ys 
fragment length) 
(F ig .  4.1^, 4.17

0.46 0.50 0.515

and 4.1C).
1 (

/
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fragment s izes  aod characterized them by studying th e ir  , 

hyperchromicity and nuclease res is tance .  Here we have assumed

that a l l  the repeated D M  sequences and very  few s ing le  copy ■ 

seq.uences reanneal by these Cot values. In fac t  several authors 

have used Cot 50.0 and Cot 100.0 ( Xenopus; Davidson et a l . ,

1973; Mollusc; i^ngerer et a ^ . , 1975; Cottons Walhot and Dure,

1976; Tobacco: Zimmerman and Goldberg, 1977) as l im i t in g  Cot

values f o r  the reassoc ia t ion  o f  r e p e t i t i v e  DNA,sequences,

Using three main approaches, namely reassoc ia t ion  k ine t ics  

o f  DDIAs o f  d i f f e r e n t  fragment lengths, hyperchromicity 

measurements o f  r e p e t i t i v e  DKA frac t ions  o f  varying fragment 

s ize  and nuclease resis tance o f  r e p e t i t i v e  duplexes iso la ted  

from the highest fragment length DNA, we have been able to show 

the occurrence o f  in terspers ion  of, repeated and s ing le  copy DM 

sequences in  f in g e r  m i l l e t  and pear l  m i l l e t  genomes and absence 

o f  DNA sequence in terspers ion  in the case o f  r i c e  genome. 

R epe t i t iv e  duplex content and i t s  s iz in g

Prom Table 4 .A, i t  can be seen that estimates o f  r e p e t i t i v e

duplex contents are arrived at by four methods independent o f

each other. Comparable values o f  duplex content were obtained 

in the case o f  pearl  m i l l e t  (49.5^ to 54/̂ ) and r i c e  to

525^),  In f inger  m i l l e t ,  the duplex contents estimated from 

hyperchromicity measurements and nuclease res is tance (3 9 ‘fo 

to  41^ )  were in  close agreement with each other. The estimate 

obtained from the reassoc ia t ion  k ine t ics  o f  550 np long 

DNA fragments (49?^) was,however higher (Table 4 ,4 ) .

Por the length estimation o f  the repeated DNA duplexes,



r e p e t i t i v e  Mi\ f ra c t ion  is  determined; From the hyperchromioity, 

the average duplex-length ‘ is  comp-uted. For prec ise  s i z in g ,  

the r e p e t i t i v e  DM f rac t ion  is  freed from the s ing le  strand 

t a i l s  by s ing le  strand s p e c i f i c  nuclease and then analysed 

"by agarose column chromatography followed by agarose ge l  

e lec trophores is .

In pear l  m i l l e t ,  there is  a good comparision o f  the s ize  • 

o f  r e p e t i t i v e  sequence elements as determined by hyperchromicity 

measurements (4239 np) and by agarose ge l  e lectrophores is  o f  

nuclease res is tan t  duplexes (4300 -  4500 n p ) . In the case 

o f  f in g e r  m i l l e t ,  since 20^ o f  the re s is ta n t  r e p e t i t i v e  

duplexes are o f  high molecular weight (4000 - 4200 np), 60^o 

'orc^ o f  low molecular weight (150 - 200 np) and 2Qffo -arc i o f  

intermediate s i z e ,  there is no d irec t  comparision between-these 

data and those obtained from hyperchromicity measurements. In 

the case o f  r i c e ,  two d i f f e r e n t  molecular weights o f  S.| r e s is ta n t  

r e p e t i t i v e  duplexes (35 -  40?^ o f  6000 - 6400 np and 60 - 65?^ 

o f  50 - 100 np) are observed, • /

Tm o f  the r e p e t i t i v e  DM  f ract ions  o f  increasing fragment length

In both the m i l l e t  species,  the T131 values o f  r e p e t i t i v e  / 

DM frac t ions  v;ere observed to increase with an increase in 

the DM fragment length. However, such increase in  the thermal 

s t a b i l i t y  o f  the r e p e t i t i v e  duplexes o f  f inger  m i l l e t  and 

pearl m i l l e t  with increase in  the fragment lengths was not only 

due to the e f f e c t  o f  fragment length alone. This was confirmed 

by ca lcu la t ing  the melting temperatures o f  DMs o f  various 

lengths e f fec ted  by fragment lengths only ( Crothers e t  a l . ,

167



pearl  m i l l e t  r e p e t i t i v e  duplexes predicted using the formula:

-  Tm = B/L

^?hcrc = melting temperature o f  native DM,

1 = fragment length

B = a constant, 650 (B r i t t en  j t̂ , 1974)

w frm  in the ranges o f  82.6 -  83.7°C and 85,8 ~ 86 ,9 °C, 

r e sp ec t iv e ly .  These ranges were very narrow as compared to the 

observed ranges o f  73.0 -  77,0°C and 79.2 -  85.4°C in f inger  

m i l l e t  and pear l  m il le t ,  r e sp e c t iv e ly ,  A l i k e l y  explanation

fo r  th is  observation is  that much o f  the repeated duplexes in

these -two m i l l e t  species are present in  long arrays consist ing  

o f  smaller elements varying s l i g h t l y  in th e i r  nucleotide 

sequences. V7hen the DMAs are sheared, due to the greater  

p ro b a b i l i t y  o f  mismatch in the reassociated duplexes, the Tm 

values are lower as comparedv to those o f  longer fragments 

which reanneal with a minimum o f  mismatch in the r e p e t i t i v e  

duplexes (Lee £t , 1970),

Comparative analysis  o f  SWi sequence organizat ion in  f inger  

m i l l e t ,  pear l  m i l l e t  and r i c e

Among the three species under present in ves t iga t ion ,  

the DM sequence in terspers ion  is  observed only in  f inger  

m i l l e t  and pear l  m i l l e t .  There are a number o f  d i f fe rences  

observed in these two species with respect to the proportion 

o f  interspersed repeated and s ing le  copy DM sequences and 

the modes o f  DM sequence in terspers ion .  These d i f ferences  

can be summarized as fo l lows :

1G8



fragment lengths, i t  is  quite c lear  that in f in ge r  m i l l e t  

apDroxiraately 58^ o f  the t o t a l  consists o f ' in te rspersed  

DM sequences. Since the content o f  r e p e t i t i v e . DM is  495̂  

o f  the t o t a l  genome, i t  can be concluded that ahout 18?̂  o f  the 

unique DM is involved in DM sequence in terspers ion .  Unlike 

in f inger  m i l l e t ,  in pear l  m i l l e t  nearly  IQ^o o f  the t o t a l  genome 

consists o f  interspersed DM sequences. Here repeated DM 

sequences represent o f  the t o t a l  genome and are interspersed 

with 50^ o f  the s ing le  copy DM sequences.

(2 )  In f inger  m i l l e t ,  the s izes  o f  the interspersed repeated 

DM sequences are o f  three types. ^Approximately, 60^ o f  the 

repeated IMA sequences are 150 - 200 np long, 20';o are 4-000 - 

4200 np long and remaining 20^ are o f  intermediate s i z e .  In 

pearl  m i l l e t ,  the interspersed repeated DM sequences lielong 

to only one class with a fragment length o f  4300 - 4500=np.

Thus the mode o f  DM sequence in terspers ion  in f inger 

m i l l e t  i s  o f  mixed type that is  o f  short period as w e l l  as o f  

long period while that o f  pear l  m i l l e t  is  t y p i c a l l y  o f  long . 

period nature.

The data obtained in the case o f  r i c e  genome by reassoc ia t ion  

k ine t ics  o f  various fragment lengths are in contrast to those 

observed in the case o f  f inger  m i l l e t  and pear l  m i l l e t .  The 

increase in the DMi binding to ILA as the fragment length 

increases from 550 np to 6500 np is  very l i t t l e  (52̂  ̂ to 55/ )̂. 

Approximately 945̂  o f  the unique DM sequences are present in  the 

form o f  long stretches o f  minimum length o f  6500 np. Thus the 

repeated sequences o f  r i c e  DM do not shO¥/ in terspers ion  with
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t r ied  to i s o la te  the DMs with higher molecular, weights to 

determine th e ir  reassoc ia t ion  k inc t ic s .  Ho’wever, w/e were unable 

to i s o la te  such DNi\s. The p o s s ib i l i t y ,  there fo re ,  remains that 

at the DKAs o f  fragment lengths higher than 6500 np, in terspers ion 

o f  repeated and s ing le  c;opy IMA may occur. A number o f  interesting 

questions can be raised from our data on r i c e  genome; Is 

there in terspers ion  at a l l  o f  repeated and nonrepeated DlTii 

sequences? What is  the function o f  very  shoii repeats o f  less  

than 150 np? How are rap id ly  reassoc ia t ing  DM sequences and 

intermediate ly  reassoc ia t ing  USA sequences organized with 

respect to one another?

In terspersed s ing le  copy DKA length in f in g e r  m i l l e t  and 

pea r l  m i l l e t

Though the d i f fe rences  are observed in  the s izes  o f  

interspersed repeated DN/i sequences, in proportions o f  s ing le  

copy DM involved in in terspers ion and in the modes o f  DNA 

sequence organizat ion in these two species,  the length o f  the

interspersed s ing le  copy DM is  observed to be s im ilar  and
/

ranges from 1800 to 2000 np. Since most o f  the s ing le  copy 

sequences apparently code fo r  structura l  genes (Greenberg 

and Perry ,  1971; F i r t e l  _et , 1972; Goldberg et a l . , 1975), 

the average length o f  the s ing le  copy DM stre tch  must not be 

smaller than that o f  mRM. We have not iso la ted  and •

characterized mRM in e i ther  o f  these species.  However, from 

the l i t e r a tu r e ,  the average length o f  mRM containing poly  (A )  

i s  shown to be minimum o f  1500 np (Key and S i l f l o w ,  1975j
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pear l  m i l l e t  are 1800 -  2000 np and can compare with the expecte 

length o f  raRM. This is consistent with the idea that mRN/i 

may be transcribed from the former. This concept is supported 

by the resu lts  o f  Da-vidson _et ( 1975) showing that RO -  1005̂  

o f  embryonic m R M  from sea "urchin is transcribed from s ing le  

copy DM ob.jacent to interspersed r e p e t i t i v e  sequences.

Pearl  m i l l e t  genome; Compar ison o f  our data with that o f  

Wimpee and Rawson (1979)

Most o f  our data on DFi'!. sequence organizat ion in pearl 

m i l l e t  genome are comparable to that o f  V/impee and Rawson ( 1979). 

The proportion o f  the t o ta l  genome consist ing o f  interspersed 

repeated and s ing le  copy DM sequences is the same in  both the 

cases { iS fo  -  QQffo). iipproximately 50^ o f  the s ing le  copy DM is  

interspersed with the repeated DM sequences in both the cases. 

The length o f  the interspersed r e p e t i t i v e  DM determined by 

Wimpee and Rawson (1970) is  4500 -  5000 np and compares with 

our estimate o f  4300 to 4500 np.

In th e ir  report ,  the hyperchromicity o f  Cot 10.0 DM 

f ra c t io n  is  in the range o f  19.2?i to 21.6?  ̂ fo r  the fragment s ize  

range o f  430 to 7200 np. In our data, the hyperchromicity 

o f  Cot 10.0 DM f rac t ion  decreases from 19.6^ to 11.4?  ̂ with 

the increase in the fragment s ize  from 550 np to 8200 np. The 

length estimate (1900 np) o f  the interspersed s ing le  copy DMi 

in our work i s  s l i g h t l y  higher than that given by Wimpee and 

Rawson (750 -  I 4OO np ) . The s ize  d is t r ibu t ion  o f  repeated 

sequences by agarose column in the report  o f  Wimpee and
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column having molecular weight greater than 1500 np and the 

other in s ign i f i c a n t  f ra c t io n  has a broad s ize  d is tr ibu t ion  

averaging about 4OO np. No such minor component is  observed 

in our g e l  f i l t r a t i o n  p r o f i l e s .  Only one peak with a molccula: 

weight greater  than 1500 np is  apparent.

 ̂ — 'd
CONCIUPIWCt REI;L RKS . '

The information on DI'L/i sequence organizat ion in f inger 

m i l l e t  has c le a r ly  shown that the plant genomes exh ib it  a 

great d iv e r s i t y  in the length o f  the interspersed repeated DNA 

sequences. In fa c t ,  f in ge r  m i l l e t  o f f e r s  an unique example, 

where the lengths o f  the interspersed repeated DM sequences a] 

as large as that seen in pear l  m i l l e t  and are smaller than tho! 

exh ib i t ing  typ ic a l  short-period in terspers ion  pattern  as in th< 

case o f  wheat ( F la v e l l  and Smith, 1976), ;rye (Smith and Flave; 

1 9 7 7 ) ,  soybean (Goldberg, 1978; Gurley _et a l . , 1979)& tobacco 

(Zimmerman and Goldberg, 1978), In the case o f  pear l  m i l l e t ,  

the o ve ra l l  DN/i sequence organizat ion pattern  compares w e l l  

with that reported by Wimpee and Rawson (1979) as discussed 

e a r l i e r .  From the comparison o f  the reassoc ia t ion  k inet ics  

data o f  r i c e  DNi\s o f  d i f f e r e n t  fragment lengths with the 

a va i lab le  data on plant genomes, r i c e  is  the only genome where 

no DR/i sequence interspers ion is  observed at a DM length 

o f  6500 np. S im i la r ly ,  the lengths o f  repeated DN/i sequences 

in r i c e  are o f  tv.'oj types; 35?̂  o f  the DM is  very  long 

(6000 -  6400 np) and 65^ o f  the DM is  very  short ( l e s s  than 

150 np considering the agarose ge l  chromatography and 

e lectrophores is  data toge ther ) .  Both the s izes  are extremes 

as compared to the data ava i lab le  on plant genome organization.
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Thus the DM sequence in terspers ion  patterns in f in g e r  m i l l e t ,  

pea r l  m i l l e t  and r i c e  are d i f f e r e n t  from each other as w e l l  as 

from those in pther plants studied so fa r .
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CHRQ̂’.IATITT; YISTJALIZATIOIT, ISOLATION CT-IARAGTERIZATIOI^ 

liTTROnJCTIO^T

Structural organization of. chromatin in interphase nucleus 

has been a subject o f  in te re s t  fo r  c y to lo g is ts  since long time 

(Reviewed by Lafontaine and Lord, 1969; Lafon^siiHe, 1 9 7 4 ) .  The 

various techniques in  l i g h t ,  phase contrast,  f luorescence and 

e lec tron  microscopy were u t i l i s e d  fo r  e luc idat ion  o f  th is  puzzle. 

The advancement o f  knowledge about interphase irooHtasadded many . 

more dimensions to the p ic ture ,  once thought to 'be non-dividing 

or re s t in g  nucleus. Nonrandom arrangement o f  chromosomes, 

ind ica t ion  o f  somatic assoc iat ion  and s p e c i f i c  o r ien ta t ion  o f  

chromosomes maintaining th e i r  te lophas ic . configuration are some 

o f  the known in te res t in g  features o f  interphase nucleus. In 

many labora to r ies ,  Giemsa banding technique has been u t i l i z e d  fo r  

v i su a l i z a t io n  o f  interphase nucleus structure in plants (Fu sse l l ,  

1977; Ghosh and Roy, 1977; Stack et a].., 1977; Joshi and 

Ranjekar, 1980). Lafontaine (1974) has proposed a re la t ionsh ip  

between the nuclear OTA content and the interphase chromatin 

organizat ion in  p lants. According to him, plant species with 

low DNA content exh ib it  chromocentric nuclear organization, 

while those with high OTA content have r e t i c u la t e  interphase 

nucle i .  Most o f  the Gramineae species such as wheat, oat, rye 

and barley  which have been characterized f o r  th e ir  high 

r e p e t i t i v e  DNA content have nuclear OTA content (1C) more than ^

5 pg and have r e t i c u la te  nuc le i .  The three plant species under 

present consideration have nuclear OTA content less  than 3 pg.

Vfe were, there fo re ,  in terested  in studying the interphase 

cliromatin organizat ion in  these species.
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Biochemically, the organization o f  chromatin involves 

part ic ipa t ion  o f  DNi, RNA, histone prote ins and non-histone 

proteins. Histones s ta b i l i z e  the DNii duplex, induce a t e r t i a r y  

structure and "block the a c c e s s ib i l i t y  o f  the DNA fo r  enzymes 

(Nagl,  1978). In recent years, histones have been iso la ted  and 

characterized from a few plant species ( Pambrough and Bonner, . 

1969; Pipkin and Larson, 1972; 1973; Strokov _et , 1973;

Spiker _et a l . , 1976; Hayashi et a2. ,  1977; Rodrigues et a l . , 

1979; Iqbal ^Ahmed and Padayatty, 1980). Deta i l  comparison o f  

chromatographic and e lec trophoret ic  behaviour o f  pea histones 

and c a l f  thymus histones has been carried out to show the strikin, 

s im i la r i t i e s  in  the plant and animal histones (Pambrough and 

Bonner, 1966; De Lange et , 1969; E lg in  and Weintraub, 1975)

3ome other plants also possess histones o f  same e lec trophore t ic  

n o b i l i t i e s  as c a l f  and pea and histones (Spiker,  1975).

however, some d is s im i la r i t i e s  have also been shown in animal 

and plant histones (Mandal et  , 1971; Hsiang and Cole, 1973,*'. 

Spiker and Krishnaswamy, 1975; Nadeau £t a l . , 1974). DKA 

sequence organizat ion in f inger  m i l l e t ,  pear l  m i l l e t  and r i c e  

is observed to be s i g n i f i c a n t l y  d i f f e r e n t  from other plant 

species as w e l l  as animal species.  Since histones are also 

suggested to p lay  an important ro le  in gene regu la t ion ,  we were 

curious to know the histone patterns in  these :>three species .

This Chapter describes the c y to lo g ic a l  organizat ion o f  

interphase nucleus and comparison o f  histones from f inger  m i l l e t ,  

pearl m i l l e t  and r i c e  with those from c a l f  thymus.



I.IATERBLS AMD mTHODS 

Giemsa s ta in ing jnetJnp_d

Root t ips  o f  f in g e r  m i l l e t ,  pear l  m i l l e t  and r i c e  were 

excised and f ixed  in cold ace t ic  alcohol ( 1 :3 )  f o r  12 -  16 h 

followed "by storage in 70̂ c alcohol at 4°C. Root t ips  were 

sqtiashed in  a drop o f  457̂  ace t ic  acid a f t e r  10 min maceration
1

in  1 N HGl at room temperature. Coverslip separation was

achieved by s l id e  inversion in a dish o f  absolute a lcohol or

a l t e r n a t i v e l y  with l iqu id  nitrogen. Both a l ides  and covers l ips

were flame dried. S e le c t iv e  disruption o f  euchromatin was

carried out with 8 IM HCl f o r  1 -  35 min at room temperature.

P r io r  to HCl treatm.ent, s l ides  were immersed in d i s t i l l e d  water

for  10 -  15 min. S lides were rinsed several  times with running

cold water r;:iich abruptly discontinues hydrolys is  and brings

the pH o f  the material to n eu tra l i ty .  Sta in ing was done in

y/o Giemsa (BDH) diluted with M/15 Sorensen's phosphate buffer
was

(pH 6 .8 ) .  Excess o f  stain/washed o f f  w ith  d i s t i l l e d  water. 

Preparations were a i r  dried and mounted in LPX mounting medium. 

I s o la t io n  o f  nuclei I

Plants o f  f inger  m i l l e t ,  pearl  m i l l e t  and r i c e  were grown 

on wet cotton and the a e r ia l  t issue was cut as described in 

Materia ls  and Methods o f  Chapter I I .

Erozen a e r ia l  t issue was crushed in a Waring blender fo r  

90 sec in the case o f  f in g e r  m i l l e t  and pear l  m i l l e t  and 2 min 

in the case o f  r i c e  in sucrose buffer  (0 .5  M sucrose, 0.05 !I T r is ,  

0.05 M maleic ac id ,  0,003 M CaClp and 0.05 mM phen3/-l methyl 

sulphonyl f lu o r id e ,  pH 6,0) containing 0.1^ Tr iton ,  The 

homogenate was f i l t e r e d  through four layers  o f  cheese cloth

17K
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and centr ifuged at 1000 g for  15 min to o t ta in  a crude nuclear 

p e l l e t  . The l a t t e r  was suspended in the crushing medium and 

centr ifuged at 1000 g f o r  15 min. The nuclear p e l le t ;  was 

washed once again v;ith sucrose '’ou f fer  and centrifuged as above. 

The p e l l e t  was checked under the microscope to dete-'mine the 

qu a l i ty  o f  nuclear prep.aration. Generally, a cleant  ̂ nuclear 

p e l l e t  was ohtained a f t e r  2 - 3  washings with sucrose bu f fe r ,  

-All the operations were carr ied out at 4°G.

Is o la t ion  o f  chromatin

Chromatin was' iso la ted  from the nuclear p e l l e t  using the 

procedure o f  Hossainy _et , ( 1973) with some modif icat ions.  

The nuclei were suspended in sa l ine -  EDTii (80 mM NaCl, 20 

EDTJi, 0.05 miv[ PHSF, pH 6.2) fo r  one hour under s t i r r in g  at 4°0, 

The suspension was then centr ifuged at 1000 g f o r  10 rain. The ' 

p e l l e t  was resuspended in 0.5 mM EDTi/Tris, pH 7.5 containing 

1% Tr iton  X100 and 0.05 mM PMSP, without s t i r r in g  and was 

centr ifuged at 2000 g f o r  10 min. The p e l l e t  was then 

homogeni-^ed in 0.5 mM EDTA/T'?is, pH 7.5 con'.aining 0.05 mJM FHiSF 

using a Waring blender at 100 v fo r  1 min. The homogenate 

was centr ifuged at 2000 g fo r  10 min. The supernatant which 

contained so lu b i l i z ed  chromatin was used for  p re c ip i ta t ion  o f  

, chromatin by s lowly adding 1 M NaCl with s t i r r in g  to make the 

f in a l  concentration o f  ’̂aCl as 0.14 M. The p rec ip i ta ted  

chromatin vjas co l lec ted  by cen tr i fugat ion  at 2000 g fo r  30 min. 

and dissolved in 0.2 mM EDTA/Tris at pH 7-0. Throughout the 

ex trac t ion  procedure, c%se was taken to avoid the temperature 

increase ’ above 4°C.



li istones were iso la ted  e i ther  from chromatin or direotlv 

from nuclear p e l l e t  using Panyim and Chalklcy's method (1S69).

The nuclear p e l l e t  was homogenized in SSC-X containing 0,05 mlJ 

PMSF and was centrifuged at 1000 g fo r  15 min (Rubio et_ a l . ,

1980), The re su l t in g  p e l l e t  was washed twice v;ith 0.1 Tris-HCl 

bu f fe r ,  pH 7.4 and centr ifuged at 1000 g fo r  15 min. The p e l l e t  

iA/as suspended in 0.1 Ll Tris-HCl bu f fe r ,  pH 7.4-. i n  equal 

volume o f  cold 0.8 F H2S0  ̂ was added to th is  so lution or to 

chromatin so lu t ion  and the mixture, was s t i r r ed  fo r  one hour 

at 4°0. The preparation was next centrifuged at 18,000 g 

for  10 min. The resu l t in g  p e l l e t  was reextracted  with cold 

0.4 N H2S0^ and centrifuged with the same speed. Both the 

supernatants were pooled together and f i v e  volumes o f  absolute 

ethanol added. The histones were allowed to p rec ip i ta te

fo r  3 days at -20°C. The prote ins were recovered by 

cen tr i fu ga t ion  and were dissolved in 0.9 N ace t ic  ac id .  The 

quantita t ive  estimation o f  prote ins was carr ied out by the 

method o f  Lowry _et (1951).

Polyacrylamide urea ge l  e lectrophores is  o f  h istones

(a )  Preparation o f  gels

Preparation o f  gels was carr ied out as described by 

Panyim and Ohalkley (1969). The f in a l  form o f  the solution 

was expected to be 155̂  polyacrylamide in  6.25 M urea at a f in a l  

pH 3,2,

Solution A -  SQffo acrylamide (w/v) and 0.4^ N,N'-bisacrylamide 

(w/v) in water.

Solution B -  43.2^ g la c ia l  ace t ic  acid (v./v) and 45̂  TEMED
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(w/v) in water.

Solution C -  0.2% amraonium persulphate (w/v) in M urea 

f r e sh ly  prepared.

Gels o f  s ize  10 x 0.6 cm were prepared "by mixing 1 part o f  

so lu t ion  B, 2 parts o f  so lu t ion  A and 5 parts o f  so lu t ion  C.

In the presence o f  6.25 I.i urea, the polymerization occurred in 

40 -  50 min. Electrophoresis was performed at room temperature 

in a standard v e r t i c a l  g e l  system using tray  buffer  as 0.9 N 

ace t ic  ac id .  •

(b )  E lectrophoresis  o f  histones ' >'

Histones o f  f inger  m i l l e t ,  pear l  m i l l e t ,  r i c e  and c a l f  

thymus (commercial preparation) were d issolved in 0.9 N acet ic  

acid. To thisj sucrose was added to a f in a l  concentration o f

Basic fuschin was used as a marker dye. Before applying 

the histone solutions to the g e l ,  pree lectrophores is  was carried 

out fo r  about h a l f  an hour. About 0.05 ml o f  each histone 

so lu t ion  containing 50 -  70 j j g  o f  p ro te in  was applied to the 

ge l  and then e lectrophores is  was carried out with 1 mi/tube 

current f o r  one hour and then 2 mA/tube t i l l  the marker dye 

moved nearly  to the bottom o f  the tube. Before removing the \

ge ls  from the tubes, they were immersed in cold water f o r  5 - 1 0  

min, which made the removing o f  the ge ls  from the tubes 

p a r t i cu la r ly  easy.

( c )  Sta ining and destaining

The gels were stained with Coomassie Blue in lio ace t ic  

acid overnight and destained in -a so lut ion  containing 50 ml 

ace t ic  acid + 130 ml absolute alcohol + 300 ml d i s t i l l e d  water. 

The ge ls  were photographed and scanned in  a G i l ford  250
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spectrophotometer attached with ge l  scanner at 600 nra to 

ca lcu late  r e l a t i v e  m ob i l i t i e s .

SDS polyacrylamide ge l  e lectrophores is  o f  h lstones

SDS polyacrylamide ge l  e lectrophores is  was carried out hy 

the procedure descri'bed "oy ''elDer and Oshorn ( 1969). Various 

solutions used in th is  e lectrophores is  were prepared as
\

follows^

'I* Phosphate bu f fe r  s tock solut ion  (0,2 M, pH 7.1) -  44.0 g, 

EaH2P0^.2H20 + 258.0 g,Na2HP0^.laHgO + 10.0 g, SDS. Volume 

made upto 5000 ml with d i s t i l l e d  water,

2. Electrode buffer  -  1 par t ' bu f fe r  stock so lu t ion  + 1 part

d i s t i l l e d  water, -

3. Phosphate sample buffer  (0 ‘,01 M, pH 7 .1 ) -  5.0 ml phosphate 

buffer  stock so lu t ion  + 1.0 ml 2-mercaptoethanol + 1.0 g, SDS. 

Volume made upto 100 ml with d i s t i l l e d  water.

4. Acrylamide solution -  22.2 g, acrylamide + 0.6 g, Bis dissolved 

in d i s t i l l e d  water to maSe the volume 100 ml. The so lut ion  was 

f i l t e r e d  through a Wfeatman I'lo. 1 f i l t e r  paper.

5. j^mmonium persulphate s o lu t io n -  150 rag o f  ammonium 

persulphate dissolved in d i s t i l l e d  water to malOe volume o f  10 ml.

To prepare 1 polyacrylamide ge ls ,  22.2 ml acrylamide  ̂

so lu t ion ,  3.2 ml ammonium persulphate, 0.1 ml TEMED, 33.0 ml 

phosphate bu f fer  stock so lu t ion  and 7.5 ml d i s t i l l e d  water were 

mixed and poured into v e r t i c a l  glass tubes o f  0.6 cm diameter to 

make the height o f  the gels  as 15 cm. Polymerization took ' 

about 40 to 50 min. The histone samples were dissolved in 

sample bu f fe r  and then incubated in a b o i l in g  water bath for  

5 min. The samples were ch i l led  and then 0.01 ml Bromophenol



I 8 l
Blue marker dye and 0.01 ml 2-mercaptoethanol were added to 

0.25 ml o f  the sample. Before loading the samples on the ge ls ,  

pree lectrophores is  was carried out for  20 -  30 min with 150 mi 

current. Samples were then loaded on the respect ive  ge ls  and 

then e lectrophores is  was carried out with 6 iTLA/tuhe current for

1 h and further • 8 mA/tuhe current t i l l  the marker dye moved

13 cm. Gels vjere then removed and stained with Coomassie Blue 

and destained with ethanol,  acc t ic  ac id ,  water as described 

in polyacrylamidc urea g e l  e lec trophores is .  The gels were 

scanned in G i l fo rd  250 spectrophotometer equipped with g e l  

scanner a t  wavelength 600 nm. Commercial preparations o f  c a l f  

thymus histones o f  known molecular weights were used as 

standard in  th is  system, ^s the m ob i l i ty  o f  the dye'was kept 

constant (13 cm) the graph o f  lo g  molecular weight against 

m ob i l i ty  was p lo t ted  in case o f  c a l f  thymus histones. From 

th is  standard graph, the molecular weights o f  f in g e r  m i l l e t ,  

pear l  m i l l e t  and r i c e  histones were determined,

RESULTS -AND DISCUSSION  ̂ ,

Size and number o f  chromosomes ■' '

Karyomorphological studies o f  temperate Gramineae species 

such as v/heat, oat, rye and barley  have Indicated the presence 

o f  long chromosomxs with r e t i c u la t e  interphase organization.

In f in ge r  m i l l e t ,  chromosome s ize  was observed to be in 

the range o f  2 to 3 -wm and 36 chromosomes (F ig .  5.1a) were 

observed in  m ito t ic  metaphase. Kempanna _et ( 1976) have 

reported s im i la r  results-.

In pearl millet, 14 chromosomes were observed in mitotic
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metaphase which range in s ize  from 3.0 to 5.0,;ura (F ig .  5 . I I3) .

This compares y j c I I  with the reports  o f  Sree Ramlu and Rangaswamy

( 1971 ) .

In r i c e ,  24 chromosomes were observed which wore o f  1 -  

2 ,8 vym in s ize  with median or submedian primary con s tr ic t ion  

(P ig .  5.1c)<. Similar obscr-vations are reported by Mukherjee 

and Mukherjee (1979).

Struc tural organiza t ion  0 f  in-^rphase nucleus

Monocotyledons are o ften  characterized by presence o f  

r e t i c u la t e  nucle i .  La.fontaine ( 1974) has associated presence 

o f  r e t i c u la t c  nuclei with high nuclear DMA content. In f inger  

m i l l e t ,  pear l  m i l l e t  and r i c e ,  nuclear DlTi content (1C) ranges 

from 0.6 to 2.5 pg and these are considered to be low DIJA 

containing species. In order to assess the r o l e  o f  IMA content 

in nuclear structure, we have studied interphase nuclei in the 

above mentioned species. In f inger  m i l l e t ,  deeply stained 

chrom.ocentres are present with very thin chromcnemata. In certain 

cases, ua tr ix  o f  the nucleus appears to be structureless 

(F ig .  5 .2a ) .  In pearl  m i l l e t  a s im ilar  s i tua t ion  is  apparent 

(F ig .  5 .2b).  However, r i c e  shows d i f fuse  interphase nuclei 

with less demarked chromocentres (F ig .  5 .2c ) .  Even though 

general structure o f  interphase nuclei in these three species 

is  s im i lar  to r e t i c u la t e  nucleij no d is t in c t  reticulum has been 

observed in  a l l  these cases. Small s iz e  o f  the chromosomes, 

low nuclear UNA content and r e t i c u la te  nuclear organization 

suggest that genomes o f  these species are remarkably d is t in c t  

from the other temperate, monocotyledonous G-ramineae species.



Pig, 5*1; Metaphase chromosomes of

(a) finger millet (b) pearl millet and (c) rice 

(magnification 1600 X)



Pig. 5*21 Interphase nuclear organization of



J 80

u r u - o i a a x i n  i s o± a T ; i o n

■ The u l t r a v io l e t  absorption spectra (320 -  220 nmj o f  

f inger  m i l l e t  ( F i g .  5 .3 ) ,  pear l  m i l l e t  (F ig .  5.4) and r i c e  

(F ig ,  5.5) chromatin are s im ilar  to those o f  c a l f  thjHaus and 

pea hud (Bonner et a j . , 1968). ThejA show maximum absorption 

in the range o f  255 to 260 nm and a minima at 24-0 nm which is  

a cha rac te r is t ic  feature o f  chromatin. The -^280 '̂^260 

"240^'^260 f in ge r  m i l l e t ,  pearl  m i l l e t  and r i c e  vary

in the range o f  0.61 -  0.7 and 0.7 -  0.9,  r e sn ec t iv e ly ,  which 

are comparable with the reported values o f  pu r i f ied  chromatin 

(Bonner e_t , 1968; Bhorjee and Pederson, 1973). the 

case o f  r i c e  ( F i g .  5 .5 ) ,  the ^p^O' '̂^260 high (0 .92) as

compared to the one (0.7) .  reported bj  ̂ Iqbal *Ahmod and Padayatty , 

( 1980). The observed ■^320 '̂^260 0.09 -  0.2 suggest the

absence o f  any contaminating aggregates o f  nonchromosomal p ro te i  

Histone character iza t ion

For the id e n t i f i c a t i o n  o f  histones, polj^-acrylamide urea 

ge l  e lectrophores is  experiments were carrier;, out. Histones 

were Id en t i f i e d  by comparing the e lec trophoret ic  m ob i l i t ie s  o f  

f in ge r  m i l l e t ,  pear l  m i l l e t  and r i c e  histones wi th those o f  

c a l f  thymus histones (F i g .  5 .6 ) .  The r e l a t i v e  m ob i l i t i e s  o f  

lys in e  r ich  histones and argin ine r ich  histones and 

o f  f in g e r  m i l l e t ,  pearl  m i l l e t  and r i c e  are quite s im i lar  to 

those o f  c a l f  thymus histones. In the case o f  pear l  m i l l e t ,  

and bands consist o f  severa l  minor bands. The histones 

HgB and o f  f inger  m i l l e t ,  pear l  m i l l e t  and r i c e  show 

d i f f e r e n t  r e l a t i v e  m ob i l i t ies  from those o f  c a l f  th^nnus HgB an<3 . 

H2-A histones (F ig .  5 .6 ) .  These histones v/hich show some
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W A V E L E N G T H ( n m )

Fir. 5 ’»5: U l t r a v io l e t  absorption spectriiin o f  f inder
iTiillet chromatin in 0.2 nJ.I EDTA/Tris pH 8.0,
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W A V E L E N G T H ( n  m)  . J

Fir;, 5.A: I ' l t r a v i o l e t  ahnorrition spectrum o f  pearl
m i l l e t  chromatin in 0.2 EIXrA/Tris. pH 8,
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W A V E L E N G T H ( n m )

i''! Ul^'ravio let absorption s-pectrnm o f  r i c e  
chromatin in r..2 m?.T EDTA/Tris pll 8.0.
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d i f fe rences  from the vertebrate  histones were a lso  studied by 

Nadeau _et ; ( 1974) and .¥;eie named a s ’Plant histones (PH) ’ , ■

specif ica. ‘'.ly. I t  v;as ass'umcd that these pecLiliar 'p lant histom 

p lay  a key r o le  in determining the charac te r is t ic  r e t i c u la te  

organizatio'n o f  the interphase nuclei in many plants (Lafontain< 

1968). Later on iTadeau e_t _aj. ( 1 9 7 4 ) reported the histone 

pattern o f  radish which was quite s im i lar  to the other plan-t , 

species containing s p e c i f i c  'p lant h is tones ' .  The interphase 

nuclear organizat ion o f  radish, however, resembles the typ ica l  

animal c e l l  nuclear structure, thus ru l in g  out the hypothesis 

put forward by Lafontaine (1963).  This hypothesis can be r c v iv  

in the case o f  f in g e r  m i l l e t ,  pearl  m i l l e t  and r i c e .  Putt ing 

c y to lo g ic a l  and biochemical observations together,  i t  can be 

said that f in g e r  m i l l e t ,  pearl  m i l l e t  and r i c e  contain s p e c i f i c  

plant histones and th e ir  interphase nuclei show r e t i c u la t e  

organization^' thus ind icat ing  the key ro le  o f  plant histones i  

determining the interphase nuclear organizat ion, • : ' .v.?

SDS polyacrylamide ge l  e l e c trophoresis - * , ^

This is  the most commonljr used methodology in prote in  

chemistry to determine the molecular weights o f  pro te ins .  We 

have employed the same technique to determine the molecular 

weights o f  f in g e r  m i l l e t ,  pearl  m i l l e t  and r i c e  histones . 

using c a l f  thymus histones as molecular weight markers, P̂he 

e lectrophores is  was carried out as described in Materia ls  and 

Methods, F ig .  5.7, 5.8, 5»9 and 5.10 represent the scans o f  

SDS polyacrj^lamide ge ls  o f  histones o f  c a l f  thymus, f inger  

m i l l e t ,  pearl  m i l l e t  and r i c e ,  r e sp ec t iv e ly .  M ob i l i t ie s  o f  cal 

thymus histones corresponding to the peaks in  the scan were
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F i r .  5.11: The :?raph of lof of known molecular wei.rhts of
calf th\Tnus histones as against their mobilities
"t M  fi 7 Y ' — n n  T r'T’irl riTTl ■? o  rrol o T  or.-



Table 5 .1 ° Comparison of molecular weights of histones of

three GraminoaG species with that of calf thymus

histones

Histones Calf thymus Finger millet Pearl millet Rice

H. 22,000

23,000

24,900

24,000

22,600

23,000

21,000

HgB ()

PH

H^A 0

H A

14,000

12,500

11,000

16,000

15,400

14,800

13,000

20,000

19,600

14,800

13,100

12,600
f
II
»

11,100

19,600

15,200

13,200

1 1 , 3 0 0
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then plotted against the logarithuni of raolecnlar weights of 

calf thymus histones (Weter and Oshorn, 1968), ^/vhich is a linear 

f-unction (Fig. 5.11). From the mobilities of finger millet, 

pearl millet and rict, histones on SIjS polvacrvlamide gels, their 

molecular weights were determined using Fig. 5.11. These are 

as sucmiarized in Tabic 5.1. Molecular weights of finger millet, 

pearl millet and rice histones are in the range of 11,000 to

25,000 as revealed from Table 5.1, which is a common range for 

histone molecular weights,

CONCLUDIHC- REI-^^RKS

When the mobilities and the molecular weights of histones 

of finger millet, pearl millet and rice are compared among 

themselves and with calf-ffhyraus, certain variations are observed. 

Finger millet and rice histones are similar to each other in 

revealing only five histones bands. Pearl millet differs from 

finger millet and rice in having two or three small bands 

grouped together to give one band corresponding to the major 

histonet. However, the overall pattern of five histones 

remains the same in all the three species suggesting that a 

limited number of genes code for histone proteins. They must 

be originated early in evolution and oust have maintained 

all of their major features since then. This further indicates 

that the histones carry out similar functions in an identical 

manner in all the species which contain histones. This 

supports the fact that unlike enzymes, histones possess no 

active sites and are especially resistant to evolutionary 

change.





GETOA'L DISCUSSION 

Classification and origin of G-ramineae species

Most of the cereals arc poorly understooid from taxonomic 

point of view. Many controversial points exist about their 

placement in the family Cramineae. According to the r o c G n t  

classification (Hutchinson, 1973), family Gramineae is divide 

into two subfamilies namely Pooideae and Panicoideae, each 

consisting of a number of tribes. linger millet and rice com 

under Pooideae belonging to the tribes Eragrosteae and 

Oryzeae, respectively; while great millet and pearl millet 

fall under Panicoideae and belong to tribes Indropogonae and 

Paniceae, respectively. Comparative classification of common 

known, Gramineae species is shown in Pig. 6.1. Finger millet 

great millet and pearl millet are of -African origin and may 

have reached India as domesticated cereals during the second 

millennium B.C. These are typically Kharif crops and are use 

as staple food in Jifrican and isian countries. Rice is of 

Indian origin and was later cultivated all over the world.

It is one of the world's most important food plants. '

Prom Hutchinson's classification schem_e ( 1973), it appea 

that the present four species are more evolved as compared to 

wheat, oat, rye and barley. Nuclear M A  contents in our four 

species are also very low when compared to the other Graminea 

species. ?Ie have, therefore, selected finger millet, great 

millet, pearl millet and rice for analysis of their DNAs.

Our main interest in characterizing the Di'Us of these species 

is to compare the data with that in other well charactPiized 

Gramineae species and to assess the changes that may have tak
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place during evolution. We also wish to understand the 

speciation events at the molecular level in these four species. 

Computer analysis of reassociation kinetics data

Reassociation kinetics by Hi. column chromatography is the 

most commonly used methodology for estimation of different 

D M  components reannealing with different rate constants.

Recent use of computer to analyse these data has made this 

technique precise and perfect. Computer analysis is applied 

to a number of functions used to interpret kinetic measurements. 

Least square analysis is used to resolve repetitive and . 

single copy components in DNA reassociation experiments. In 

most of the eukaryotes, the repetitive DKA component is 

heterogeneous in nature and it is very difficult to predict 

the number and reaesociation rates of pure, individual componeni 

;7ith the aid of computer analysis, an excellent solution can be 

derived for such a problem. Moreover, if the repetitive LNJi 

fraction is homogeneous, least square analysis provides 

accurate rate constant to calculate its kinetic complexity. 

Hence we have carried out computer analysis of finger millet, 

pearl millet and rice reassociation data. No such analysis 

is carried out in the ease of great millet. Use of versatile 

STEPIT programm with direct search method gives equal weight 

to all the individual measurements and resolves the reassociatic 

curves of finger millet and pearl millet into two components 

and that of rice into three components with root mean square 

value in the range of 0.026 to 0.045. The latter value is very 

low and comparable to -that found in the literature (Wimpee and 

Rawson, 1979? Gurlejr et al., 1979). The solutions of
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non-linear least square regression analysis arc discussed in 

Chapter II. The repetitive DILA content estimated by this method 

is in the range of 54?̂ . The reassociation kinetics of

great millet reveals the proportion of repetitive DIM as 53% 

which is also in the same range.

As observed from Fig. 2.7 in Chapter II, the computer fit ' 

for second order reaction obtained for the intermediately 

reassociating DM, in the case of ricc is not very - close 

to the experimental curve, thus clearly indicating that the 

intermediately repetitive rice D M  does not reassociate with 

second order kinetics. The apparent order of this reaction is 

not known in the case of rice. l'7e are studying the hetero

geneity of the reacting components in further details using 

the form of the reaction as C/CO = (1 + K Cot)~^ with the 

help of computer analjAsis (Fearson et a^., 1977).

Highly repetitive DNA and its correlation with satellite DWA 

The proportion of very rapidly reassociating DNA is very 

high (15 - 20fo) in the case of finger millet, great millet 

and pearl millet and is comparatively low (8,5f^) in the case 

of rice (Table 2.1). Though there is only one report of 

monocotyledons showing the presence of satellite DNA on 

neutral CsCl density gradient centrifugation (Capesius _et al., 

19751 Capesius, 1976), the existence of cryptic satellites 

in some monocotyledons on Ag’’’/Cs2S0 ^ and Hg’̂’'’/Cs2 SO^ density 

gradient centrifugation (Huguet and Jouanin, 1972; Timmis 

Si* > 1975; Deumling ejt , 1976; Ranjekar ejt a l . , 1976; 

1978a; Vfimpee and Rawson, 1979) has been shown. From the 

study i;of these satellite DRAs, it is now known that very
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highly repetitive DNA sequences form duplexes by Cot 10

mol X sec/l. It is, therefore, likely that a substantial

— 1
proportion of Cot 10 DM may represent the cryptic satellite

DKA. It can also he possible that a small portion of the Cot

10~^ DM is due to the presence of fold hack or palindromic

D M  sequences. Our experimental data, however, cannot throw

any light on the presence and proportion of palindromic

sequences in the four cereal species. As no labelled DM was

used in these studies, determination of reassociation at very

low Cot values was not feasible and hence no data are available

about the frequency of repetition and the kinetic complexity

of the nucleotide sequences present in these fractions except

in the case of rice. The Cot 1/2 value of very rapidly

—  P
reassociating D M  fraction of rice is 1.6 x lO” mol x sec/l

is 3
and the kinetic complexity/of the order of 1.05 x 10 np. ,

In the case of pearl millet repetitive D M ,  Cot 0.1, 1.0

and 10.0 fractions show presence of high melting component.

The proportions of this component in Cot 0.1, 1.0 and 10.0

D M  fractions are 10%, Ilfo and 7% of the total genome,

respectively. Interestingly enough, in,spite of the presence

of such a proportion (average of high melting component,

which is supposedly also very G + C rich, pearl millet D M  does

not form a satellite D M  band upon isopycnic centrifugation in

CsCl gradients (Wimpee and Rawson, 1979). However, cryptic

satellites have been reported to be present in this plant

species (Wimpee and Rawson, 1979). It is, therefore, very likel;

that the nucleotide sequences present in the high melting

- 2

D M  component of pearl millet may contribute, at least in
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part, to the formation of a satellite DM peak in either 

Ig'̂ ’/CSgSO^ or Hg''"‘̂/Cs2S0^ gradients. In fact, similar high, 

melting DM components have "been shown to be present in quite 

a few plant satellites (Bendich and Anderson, 1974; Sinclair 

et al . ,1975; Timmis et al., 1975; Chilton, 1975; Ranjekar 

et al., 1978c).

DiTA content and proportion of repetitive DM

With our data on the repetitive DM content determinations 

of four more Gramineae species, it is now possible to comment 

on the relationships between the amount of repetitive DNA and 

the nuclear DM content in i^rramineae. Plavell et a]L. ( 1974), 

in their extensive survey of 23 angiosperms have ' shown that 

plant species with DM content above 5 pg have more repetitive 

DNA than those with DM content less than 4 pg. Studies on 

beans (Straus, 1972), conifers (Miksche and Hotta, 1975), 

Lathyrus (j^arayan and Rees, 1977) and Phaseolus species 

(Scshadri and Ranjekar, 1979; 1980a) tend to support the

conclusions of Flavell et , ( 1974); while contradictory 

results are obtained in the case of Anemone (Cullis and 

Schweizer, 1974) and A llium (Ranjekar et , 1978b). As 

described in Chapter II, the haploid nuclear DFA content in 

finger millet, pearl millet and rice are in the range of 0,6 

to 2.5 pg and the repetitive DÎ IA content varies from 495^ to 

54/^. These data, therefore, appear to support the results of 

Flavell £t (1974). The haploid DNA content of great 

millet is in the range of 3.0 - 7.0 pg which is on the border 

of high and low DNA containing species and repetitive DNA 

content is 52?^. Hence, it is difficult to apply any of these
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Relationship_ ~bet v e e n DJ'IA content anj M A  sequence organization 

Prom the available data on plant species, a relationship 

can "be postulated "betv^een the TEA content and the D M  sequence 

organization pattern. Plant species with an hapioid genome 

size more than 2.5 pg exhibit mostly short period interspersion 

pattern which is typical of animal genome. Examples are wheat 

(13.1 p g ) , ryo (7.9 p g ) , tobacco (3.9 p g ) , soybean (6.5 pg) 

per cell) and pea (4-.9 - 5.2 pg ) . On the other hand, plant 

species with the haploid DIIA content less than 2.5 pg show 

diversed nature of genome organization. This is evident in 

cotton (0.795 pg per cell), pearl millet (2,5 p g ) , mung bean 

(0.5 pg) and french bean (1.8 pg). In these species, the length 

of the interspersed repeated sequences varies in the range of 

1200 - 5000 Finger millet, pearl millet and rice fall

under this category. In view of its wide occurrence, short 

period interspersion pattern in eukaryotic genomes is assumed 

to be preferred to long period interspersion pattern during the 

course of evolution. Further, Britten and Davidson (1969) 

and Davidson and Britten (1979) have proposed a model which 

is based on the significance of short period Interspersion 

pattern in the coordinate regulation of transcription.

However, considering the recent data where interspersion patterns 

are not typically short period, it a^opears that the above model 

may have to be either altered or modified.

Role of DNA content in interphase nuclear organization

i^ccording to Lafontaine (1974) low D M  content in plants 

plays an important role in the chromocentric organization of



interphase nucletis. The plant species with high D M  content 

usually show reticulate interphase nuclear organization. The 

same observation is further confirmed hy ITagl ( 1978). HoweveJ 

the three G-ramineae species, namely finger millet, pearl mill' 

and rice contain low DNi'i and show reticulate type of interphai 

nuclear organization. On further detail analysis of his 

observation, Lafontaine (1974) suggested that the average amoi 

of D M  per chromosome plays role in determining the nuclear 

organization. In this respect, certain species (for example, 

Cr'epis cappillaris and liaplopappus ^racilus) with relatively 

low D M  content exhibit reticulate interphase nuclei. In sue! 

species, as the num_ber of chromosomes is less, the amount of 

D M  per chromosome increases and reaches to a sufficient leve 

of D M  so as to take on a rather compact organization at 

interphase. This observation is also not true in the case of 

three Gramineae species under present discussion. Relatively 

more number of chromosomes and less amount of D M  bring down 

the level of D M  per chroraosDme. The unclear visualization o 

chromonemata in these three species confirms the reticulate 

interphase nuclear organization which is an exception to the 

hypothesis stated by Lafontaine (1974).

Molecular approach to_ phylogenetic stu_d_y

As mentioned in the begining of this Chapter, our main 

interest in studying the genomes of present four species was 

to assess the changes in their D M s  as a result of their low 

nuclear D M  content and their advanced evolutionary status. 

Information is available shov/ing that the amount of nuclear D 

content can influence various morphological, physiological an
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biochemical characteristics of plants and can play an important 

role in evolution (Stebbins, 1976). Many phenotypic characters 

of plants such as structure of the involucre, pappus parts, 

achene, inflorescence and mature fruits are correlated with the 

DKA content in the genus Ilicr_o_s_erigr (Price and Bachmann, 1975; 

Bachmann and Price, 1979; Bachmann £t , 1979). -At the 

genotjrpe level, D M  contcnt affects size of the chromosomes, ■

nuclear organization and the repetitive DKA content. In 

Microseris, correlation of mitotic cell time, the proportion of 

intermediately reassociating D M  and number of ribosomal cistrons 

with that of nuclear DM content is discussed in detail by 

Price and Bachmann (1976), Bachmann and Price (1977) and 

Hemleben et a^. ( 1978). Jiccording to Fagl ( 1978), low nuclear 

D M  content corresponds to less proportion of repetitive D M  

and varied types of D M  sequence arrangements. He has also 

proposed chromocentric type of inteirphase nuclear organization 

with low nuclear D M  content and reticulate type with high 

nuclear D M  content.

If we compare the chromosome size, chromatin organization, 

repetitive D M  content and arrangement of repetitive and 

nonrepetitive D M  sequences on the chromosomes of finger millet, 

pearl millet and rice with those of other Gramineae species 

with high D M  content, we find the following observations:

1. The amount of repetitive D M  content in our species 

(49 - 5Afc) is low.

2. The D M  sequence organization patterns in the case of 

finger millet, pearl millet and rice are different from each 

other as well as from the other Gramineae plant species such
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3, The size of the chromosomes is very small.

4,. The interphase chromatin organization is of reticulate type.

Except the last observation, all the other data in our 

Gramineae species are in agreement with the Nagl's h3rpothesis.

The second important question is about the effect of 

evolution on the D M  content in plant species. During evolution, 

many variations are observed in the D M  content of plants 

(Sparrow et a l . , 1972; Price, 1976). Increase as well as \ 

decrease in the D M  contents are noticed as the species in a 

series evolve from primitive to advanced. Many theories have 

been put forth to explain these variations in eukaryotes.

One reason of this variation can be due to the repetitive 

D M  sequences present in eukaryotes, According to Nagl (1973), 

increase in the D M  content is due to the saltatory replication 

of repetitive D M  sequences as well as due to duplication and 

mutation of coding genes. Stebbins (1966) and Rees and Jones

(1972) have proposed the decrease in the D M  content during' 

evolution and according to them, this decrease is due to the 

loss of repetitive D M  sequences as the cells can not afford 

to loose some important structural genes during evolution.

This can be the basis of the observation of Plavell et al.

(1974) that repetitive D M  content is proportional to the 

D M  content. In the comparative study of molecular properties 

of D M s  of seven Allium species (Ranjekar et a l . , 1978b), two 

possible explanations have been given to account for variations 

in the nuclear D M  content. Pirst, thene are duplications 

or deletions of large chromosomal segments containing repetitive

as wheat and rye.



as well as nonrepetitive segments. This explanation is similar, 

to that of Nagl (1978) as described ahove. Secondly, superimposed 

on these variations are changes in the amount of repetitive
- (

DKA contents. Such changes are responsible for producing the

variations in the percentages of repetitive DRA sequences,

From the available data on phylogenetic evolution in the

family Gramineae (Hutchinson, 1973), there appears to be a

decrease in the nuclear DRA content as well as repetitive D M

content during evolution. Wheat, oat, rye and barley are less

evolved compared to the present four species and have haploid

nuclear DNA content of more than 6,7 pg and repetitive DNA '

content more than 75?^ (Table 6.1). In finger millet, pearl

millet and rice, the haploid nuclear DRA content is less than

2.5 pg and in great millet it is in the range of 3.0 - 7.0 pg

and the repetitive DRA content is in the range of 49 - 545^.

There is thus a loss of nuclear DNi as well as of repeated DNj&

sequences in Gramineae during evolution.

The repetitive DRA fractions of all the four species reveal

remarkable differences in the extent of nucleotide sequence

divergence and kinetic heterogeneity. Finger millet Cot

1,0 DRA fraction consists of only one component of discrete

frequency class reaspociating with second order kinetics.

Pearl millet and rice Cot 1.0 DRAs show two kinetic components

which are heterogeneous in nature. Rice genome is conspicous

in having a discrete DRA fraction reassociating in the Cot 

—2 — I
range of 10 to 5 x 10 mol x sec/l. Pearl millet genome

in
differs from those of rice and finger millet,/having the 

presence of a high melting component in its repetitive DRA
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Table 6.1 : Relationship 'between n-uclear D M  contGnt and

repetitive DM content in Gramineae

Species Haploid T)M content 

Pg

Repetitive PNi cont

Poa trivalis 3.45 82

Zea mays 5.5 78

Barley ' 6.7 76

Poa annua 6.9 87

Rye 9.45 92

Wheat 18.1 83
.4

Oat 21,5 83

Pinger millet 1.6 49

Great millet 3 ,0  -  7.0 52

Pearl millet 2.5 54

Rice 0.6 52
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fraction. The sequcncG organization patterns are of differeni 

typos in finger millet, pearl millet and rice. Thus these 

differences can be considered as the events responsihle for 

speciation.
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