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ABSTRACT 

Cytologists have shown, through chromosome staining 

techniques, that the different genomes of Gossypium have 

characteristic size differences in their chromosome comple

ments. It was proposed that these differences were due to a 

differential contraction of the chromosomes during the con

densed state. However, this postulate was shown to be un

tenable by studies comparing chromosome size and DNA 

content. 

In the present study, the rate of reassociation of 

denatured DNA of representative species from four of the 

different genomes was determined by optical density. Re

sults indicate the difference in the size of the chromosomes 

is due to differences in the amount of repetitive DNA. The 

results also show that the Gossypium chromosome has a uni-

nemic basic structure, with longitudinal increases in DNA 

accounting for the increase in DNA content among the various 

genomes studied. 

ix 



INTRODUCTION 

There are thirty-two diploid species (2n = 2x = 26) 

and five tetraploid species (2n = 4x = 52) recognized in the 

genus Gossypium. Botanists have separated these thirty-two 

diploid species into six genomic classes (A - F) on the 

basis of their morphological characteristics, geographic 

origin, and crossing behavior (Beasley, 1942; Phillips and 

Strickland, 1966). Through chromosome staining techniques, 

cytologists have established a similarity in chromosome size 

of species within these genomic classifications. However, 

there exists differences in chromosome sizes when a compari

son is made between species from different genomic classes. 

Katterman and Ergle (1970) have reported that the relative 

meiotic chromosome sizes for the diploid species are as 

follows: (1) the C genome species have very long chromo

somes; (2) the E and F genome species have large chromosomes 

which are slightly larger than those of the A genome; (3) 

the B genome species have large chromosomes with some being 

larger than the A genome; (4) the A genome species have 

moderately large chromosomes; and (5) the D genome species 

have small chromosomes. 

Several hypotheses have been proposed to account for 

this difference in chromosome size among the various ge

nomes. Endrizzi (1962) proposed that this difference in 

1 



2 

size is due to a differential condensation of the chromo

somes during the condensed stages of meiosis and mitosis. 

If this were in fact true, studies of histone content in 

Gossypium would be of particular interest, since histories 

are known to be involved in chromosome condensation. One 

such study was conducted by Shannon (personal communication, 

1974) who characterized the histone complement of chromo

somes from several genomes of Gossypium and found that the 

same histones were found in equal proportions among these 

genomes. Also, he found that the histone/DNA ratios among 

the different genomes was essentially the same. Therefore 

it appears that there is no basic differences among these 

chromosomes with respect to the histone component. 

Katterman and Ergle (1970) and Edwards, Endrizzi, 

and Stein (in press) analyzed the DNA content of the various 

chromosomes and found a direct correlation between chromo

some size and DNA content. 

On undertaking the present study, it was therefore 

postulated that the difference in the size of the chromo

somes among the various genomes, resides in the DNA content 

of these genomes and may reflect that portion of the DNA 

that is repetitive. Subsequently, renaturation rate studies 

were undertaken to determine if the genomic size differences 

of the chromosomes is due to the relative amounts of repeti

tive DNA. 



REVIEW OF LITERATURE 

DNA Renaturation 

Marmur and Doty (1959) found that when aqueous solu

tions of double-stranded DNA are raised to a high tempera

ture, the two strands of the duplex molecule separate. Slow 

cooling of the heat-denatured DNA results in renaturation of 

the two strands by a return of the DNA to the original 

Watson-Crick base pairing (Marmur and Lane, 1960; Doty et 

al., I960). Schildkraut, Marmur and Doty (1961) observed 

that hybrid moleucles could be formed by renaturing mixtures 

of heat-denatured DNA from different bacterial species, 

thereby providing a means for detecting base sequence homol

ogies between DNAs of these species. 

This process of renaturation of DNA molecules is 

thought to be divided into two distinct stages, a "nuclea-

tion" stage and a "zippering" stage (Bolton et al., 1965; 

Studier, 1969). During the nucleation stage, short comple

mentary nucleotide sequences form a duplex molecule, thus 

stabilizing the two strands. The final zippering stage then 

involves the pairing of the remainder of the strands by a 

random collision process, over their homologous parts. 

Since there are two reacting strands, the renatura

tion process is a second order reaction and therefore the 

kinetics can be described either in terms of rate constants 

3 
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(l^) or in terms of the product of concentration and time 

(Cot). Cot is defined as the product of the initial concen

tration (Co) of denatured DNA (expressed in moles of nucleo

tides per liter) and the time (t) of incubation (expressed 

in seconds) (Britten and Kohne, 1966, 1968). The equation 

C 1 
S = £• = i + k (Cot") describes the reaction and shows the 

o 2 ̂ 
relationship between Cot and K^* 

Repetitive DNA 

Eucaryotic organisms contain more genomic DNA than 

do procaryotes (Stebbins, 1966; Mirsky and Ris, 1951). 

Since eucaryotes exhibit a much greater degree of organiza

tional complexity and specialization than procaryotes, the 

extra complement of DNA in eucaryotes was thought to be due 

to this complexity. However, there appears to be too great 

an excess DNA in eucaryotes, as compared to procaryotes, to 

be accountable just on the basis of complexity (Britten and 

Davidson, 1969). As an illustration of this point, the DNA 

q 
of the bovine genome contains 3.2 x 10 nucleotide pairs. 

This amount differs by a factor of 700 from the genomic DNA 

content of E. coli, which contains 4.2 x 10^ nucleotide 

pairs (Britten and Kohne, 1968). This large difference does 

not indicate that the bovine genome contains 700 times as 

many kinds of genes as that of the E. coli chromosome, but 

that the differences reflect a high degree of redundancy in 

a number of genes (Britten and Kohne, 1968). 
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In 1969, Bolton and McCarthy compared the renatura-

tion kinetics of E. coli DNA with that of mouse DNA. They 

reasoned that since vertebrates contain more DNA per genome 

than procaryotes, then a particular sequence represented the 

same number of time per genome in both the procaryote and 

eucaryote would be less concentrated in the vertebrate than 

in the procaryote. The smaller sequence would undergo fewer 

collisions and therefore would exhibit a slower rate of re-

naturation than the vertebrate DNA as compared to a similar 

sequence in procaryote DNA. However,they found one portion 

of the vertebrate DNA reannealed at a faster rate than the 

procaryotic DNA. They therefore postulated that the redun

dant DNA was composed of repetitive sequences as shown by 

Britten and Kohne (1968). 

Repetitive DNA in Procaryotes 

The kinetics of renaturation of phage and bacterial 

DNA suggest that the nucleotide sequences are represented 

only once in each genome (Britten and Kohne 1966, 1968). 

Britten and Kohne (1966) report however, that very small 

amounts (about 1 percent) of repetition occurs in some viral 

DNAs. In procaryotes, the amount of repetitive sequences 

seem to approach the lower limit of sensitivity of the tech

niques commonly employed. Therefore, the small amounts of 

repetitive DNA that are present in the viral genome have 

been more accurately observed from other types of studies. 
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An example of repetitive sequences in viral DNA is 

that of T2 DNA. Thomas and MacHattie (1964) reannealed de

natured T2 DNA and by using the electron microscope, ob

served many circular duplex structure. These structures 

suggest that the genome is a random circular permutation 

of itself with the nucleotide sequences at the ends of the 

DNA being complementary, therefore, repetitive. Thomas 

(1967) has observed that terminal repetition is not solely 

a property of the circularly permuted phage genomes, but is 

also present in the nonpermuted T^ and Ty genomes. 

Although no gross repetition exist in bacterial 

genomes (Britten and Kohne, 1966, 1968; Wetmur and Davidson, 

1968; Gillis, DeLey and DeKleene, 1970; Bostock, 1971), sat

uration hybridization experiments with specific transcrip

tion products reveal a small degree of repetitive DNA. By 

use of saturation hybridization techniques, Goodman and Rich 

(1962) and Giacomoni and Spiegelman (1962) annealed tRNA to 

E. coli DNA. They estimated that 0.025 percent of the E. 

coli genome is complementary to the tRNA sequences and 

therefore E. coli contained approximately 40 tRNA genes by 

current estimates. More recently, Brenner, Fournier and 

Doctor (1970) estimate that 0.06 to 0.40 percent of the E. 

coli genome represents tRNA genes and therefore there would 

be 37 to 57 genes coding for tRNAs. Since the different 

tRNAs have substantial sequence homology, the 37 to 57 tRNA 

genes must have considerable repetitious sequences. 
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Similar studies have also been conducted with B. 

subtilis which show that between 0.04 percent (Morell et 

al., 1967) and 0.07 percent (Oishi, Oishi and Sueoka, 1966) 

of the genome hybridizes with purified tRNA. This repre

sents 35 to 60 genes. 

In bacteria, all classes of ribosomal RNA genes have 

exhibited some degree of repetition. Smith et al. (1968) 

have estimated that the 5S genes are repeated 4 to 5 times 

in B. subtilis. Zehavi-Willner and Comb (1966) have esti

mated this gene to be repeated about 10 times in E. coli. 

Also, Yankofsky and Spiegelman (1962), Smith et al. (1968) 

have reported multiple copies of both the 16S and 23S ribo

somal RNA genes in E. coli and B. subtilis respectively. 

In summary, it is apparent that a small amount of 

repetitive DNA is present in procaryotes in the form of 

genes coding for specialized RNAs. 

Repetitive DNA in Eucaryotes 

Britten and Kohne (1968) and Bostock (1971) have 

published an extensive list of the organisms possessing re

petitive DNA sequences. In general, repetitive DNA has been 

found in every eucaryotic organism thus far studied. 

Britten and Kohne (1968) believe that since so many types 

of organisms are represented, it seems virtually certain 

that repetitive DNA is universally present in eucaryotes. 
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There are quite a number of studies in this area but only a 

few representative ones will be reviewed here. 

In eucaryotes, the majority of the repetitive DNA 

has been found in the animal genomes. It can be divided in

to several classes, rRNA genes, tRNA genes and other repeti

tive DNAs. 

The rRNA genes have been shown to be repetitive in 

all eucaryotes so far investigated. For example, Schweizer, 

MacKechnie and Halverson (1969) have found approximately 140 

genes for both the 18S and 26S RNA in Saccharomyces. 

Ritossa et al. (1966) have reported about the same amount in 

Drosophila. Moore and McCarthy (1968) have shown the pres

ence of repetitive rRNA genes in rabbit cells, and Jeanteur 

and Attardi (1969) found on the order of 300 copies of the 

18S and 28S RNA genes in humans. Arrighi and Itsu (1971) 

reported the localization of these human RNA genes in the 

heterochromatin regions of the chromosome. Repetitive rRNA 

genes have also been reported in Acheta (Lima-de-Faria, 

Birnstiel and Jaworska, 1969), Dytiscus and Colymberes (Gall 

and Pardue, 1969), Sc iara and Rynchosc iara (Pardue and Gall, 

1970). 

The most familiar example of repetitive rRNA genes 

is that found in the African toad, Xenopus. Xenopus has 

been shown to contain 450 to 800 copies of the 18S and 26S 

RNA genes (Brown and Gurdon, 1964; Birnstiel et al., 1968; 

Brown and Weber, 1968) and 27,000 copies of the 5S RNA 
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genes (Brown and Weber, 1968). Davidson et al. (1973) have 

shown that in Xenopus these sequences are dispersed through

out the genome in segments of a few hundred nucleotides. 

There is also evidence of the tRNA genes being repe

titive in some eucaryotes. For example, Schweizer et al. 

(1969) have estimated that in Saccharomyces, there are 320 

to 400 tRNA genes in the haploid genome, while Ritossa et 

al. (1966) have estimated 3000 copies in Drosophila. 

Besides the rRNA genes and tRNA genes, other repe

titive DNA has been found in eucaryotes. For example, Brit

ten and Kohne (1968) have found that the renaturation 

kinetics of both salmon sperm and bovine DNA show that at 

least 80 percent of the former and 40 percent of the latter 

consists of repetitive sequences. 

Britten and Kohne (1968) also found the presence of 

repetitive DNA in plants. They detemined the rate of reas-

sociation of onion by measurement of the change in optical 

hypochromicity as a function of time and reported the pres

ence of a fraction of DNA which appeared to have a repeti

tion frequency that ranged between 100 and 1000. 

Repetitive DNA Versus DNA Content 

The present study is concerned with the relationship 

of repetitive DNA to chromosome size and DNA content among 

the various genomes in Gossypium. Recently, several similar 

studies have been reported with other organisms. For 



example, Cullis and Schweizer (1974) analyzed the reassocia-

tion rate of denatured DNA from several Anemone species by 

optical renaturation. They reported that proportion of re

petitive DNA per genome varied from 53 to 67 percent and did 

not correlate with either the DNA content or relative amount 

of heterochromatin per cell. 

Another study comparing chromosome size, DNA content 

and amount of repetitive DNA is the study by Miksche and 

Hotta (1973). They analyzed the DNA from four coniferous 

species and reported that those species with higher DNA con

tent contained more repetitive sequences than species with 

lower DNA amounts. Finally, Chooi (1970) reported that in 

Vicia, species containing greater DNA quantities per genome 

did not yield correspondingly faster reassociation rates 

than those species with lesser amounts of DNA. 

Origin of Repetitive DNA 

Britten and Kohne (1968) postulated that repetitive 

sequences resulted from a relatively sudden event, termed 

saltatory replication,which led to multiple replication of a 

selected sequence. This event in turn resulted in the pro

duction of multiple copies of that sequence. They noted 

that the process of viral infection has many features in 

common with such an event. They believed that the initial 

product of such an event would be similar to the rapidly 

reassociating satellite DNA that is found in many organisms 



today. Britten and Kohne further hypothesized that with 

time, sequence divergence occurred by random base substitu

tions. This resulted in less homology between some frac

tions of the originally highly repetitive DNA. As more time 

passed, more random base substitutions occurred, to where 

some originally repetitive sequences become wholly non-

repetitive. 

In 1969, Walker, Flamm and McLaren put forth an al

ternative hypothesis. They postulated that a number of 

blocks of a particular sequence already existed in the ge

nome, and a mutant polymerase caused these sequences to be

come repeated many times in each block. This situation is 

similar to the lateral amplification of rRNA genes in the 

Xenopus oocytes, but fails to explain why blocks of se

quences were originally present or how very similar or iden

tical sequences were distributed throughout the original 

genome. Both Britten and Kohne's model and Walker's model 

suggest a process of macromutation, which is followed by 

slow adaptation due to base sequence divergence. 

Ohno, Kaplan and Kinoshita (1957) believe that 

known genetic mechanisms such as polyploidization followed 

by recombination, translocations and inversions cannot pro

duce the specificity which is required to explain the origin 

of highly repetitive DNA. 

Bostock (1971) postulates that a mechanism similar 

to that which produces extrachromosomal rDNA during gene 
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amplification in maturing oocytes could have operated to 

produce multiple copies of an intrachromosomal nucleotide 

sequence. If through mutation, the mechanism that normally 

ensures the removal of the extrachromosomal copies from the 

genome, had become faulty, then these gene sequences would 

be retained in the chromosome. These sequences would then 

be repetitive and be an integral part of the genome which 

during the course of evolution would be subject to selection 

pressures and could therefore undergo base sequence diver

gence. 

Relationship of DNA Content 
to Chromosome Size 

The relationship of DNA content to chromosome size 

has been extensively investigated and found to vary among 

various groups of organisms. 

A group of such studies of special interest to the 

one undertaken are those by Katterman and Ergle (1970) and 

Edwards, Endrizzi and Stein (in press). Both groups com

pared the DNA content with relative chromosome size in the 

genus Gossypium. Katterman and Ergle used the diphenylamine 

procedure, whereas Edwards et al. used a cytophotometric 

technique. Both groups reported a direct correlation be

tween chromosome size and DNA content. They found that as 

the relative chromosome size increased, the DNA content also 

increased. Edwards et al. cytophotometric procedure was 
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able to show that this increase was a strict linear rela

tionship in Gossypium. 

Collins, Legg and Anderson (1970) used the cytopho-

tometric technique to determine the relationship of DNA 

content to chromosome size in Nicotiana. Their observations 

supported the conclusion that comparable unit areas of nor

mal chromosomes and larj>e chromosomes (termed megachromo-

somes) contain equivalent amounts of DNA. Their finding was 

interpreted as evidence for a replicative mechanism in mega-

chromosome which replicates additional DNA for these chromo

somes instead of a simple extension of normal length DNA 

throughout the length of a megachromosome. 

Bhaskaron and Swaminathan (1960) and Rothfels et al. 

(1966) compared DNA content to chromosome size in Triticum 

and Ranunculaceae respectively. Bhaskaron and Swaminathan 

found that DNA content is constant per unit of chromosome 

length where Rothfels et al. reported a direct correlation 

between DNA content anil chromosome size but not a strict 

linear relationship. 

In summary, most studies to date have shown that 

there exist a direct correlation between chromosome size and 

DNA content. However, this relationship is usually not a 

linear relationship, but varies among groups of organisms. 



Role of Histones in 
Chromosome Size and Control 

There appears to be five major fractions of histones 

in all tissues of eucaryotic organisms. From the available 

evidence, it seems likely that histones function in the reg

ulation of replication and transcription due to their abil

ity to form strong complexes with DNA and thus influence the 

properties and structure of DNA in chromatin. As a result, 

histones are believed to be structural elements important 

to the integrity of the chromosome. However, the precise 

functions of histones, either collectively or individually, 

have not yet been elucidated. 

Several groups (Fasman et al., 1970; Permogorov et 

al., 1970; Simpson and Sober, 1970; Shih and Fasman, 1970) 

agree that histones affect the structure of DNA in nucleo-

histone. However, there is considerable disagreement as to 

which histones are responsible for the observed effects. 

Most studies are in agreement that the removal of histone I 

does not alter the apparent conformation of the DNA in nu-

cleohistone, although the crosslinking of chromatin may be 

disrupted by this procedure {Tuan and Bonner, 1969; Simpson 

and Sober, 1970; Henson and Walker, 1970). Of special in

terest however, are the observations by Louie and Dixon 

(1973) wherein they compared the phosphorylation and dephos-

phorylation of histone I and found that it may be involved 

in the condensation of chromosomes before cell division. 



They also found that the continuous phosphorylation and de-

phosphorylation of histones I and IV, and the persistence of 

these histones in a phosphorylated state, suggest that the 

maintenance of the euchromatic state is an active metabolic 

process. They believe that the level of phosphorylation of 

histones is important and suggest that the phosphorylation 

of histone I might have the greatest effect in regulating 

the coiling of the chromosomes. 

From the studies of Richards, Pardon and Hirst 

(1970) and Richards and Pardon (1970), it appears that his

tones lib, and III are most involved in maintenance of the 

supercoiled structure of DNA in nucleohistone. Smart and 

Bonner (1971) however, have shown that the structural and 

chemical parameters with which nucleoprotein complexes are 

associated, show no dependence on the presence of any par

ticular histone fraction. 

Wang (1969) has reported that histones inhibit DNA 

replication, and further demonstration that this inhibition 

was counteracted by nonhistone proteins. These results sug

gest a possible regulatory role of histones in DNA synthe

sis, along with their more generally proposed role in 

regulation of DNA transcription. Of special interest is a 

study by Dick and Johns (1969) who observed that in avian 

erythrocytes histone I seems to be replaced by histone V. 

Because the nuclei of the cells are totally inactive in both 
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DNA and RNA synthesis, histone V seems to function by sup

pressing both of these processes. 

Histones are presently considered to be nonspecific 

repressors which can interact with any region of DNA to re

duce the template activity of that region (Elgin et al., 

1971; Smith, Delange and Bonner, 1970; Georgiev, 1969). It 

is therefore possible that one of the roles of histones in 

vivo is to impose structural restrictions, such as super-

coiling, to render the chromatin unavailable for the func

tioning of the polymerases. 

Role of Repetitive DNA in 
CEroniosome Size and Control 

Since the initial demonstration of repetitive DNA, 

several functions have been postulated. As with histones, 

the precise function of repetitive DNA is yet to be eluci

dated. One of the first to propose a function for these se

quences were Britten and Kohne (1968). They proposed that 

the sudden incorporation of repetitive sequences in an or

ganism could increase the evolutionary potential of that 

organism by providing "raw material" for evolutionary forces 

to act upon. They proposed that through mutation, recombi

nation and translocation of these repetitive sequences with 

other genes, new genetic potential might arise. This in 

turn may lead to an increase in the ability of an organism 

to develop new genetic information by the production of 

genes specifying new proteins without affecting preexisting 
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v,encv < tten and Kohne also hypothesized that at least a 

p . the repetitive sequences have no immediate func-

/. t.ae organism. 

ilker (1968), Walker et al. (1969) proposed several 

: of repetitive sequences. One such function they 

' is the recognition of centromeres of common origin. 

7hrv- 1 that Michie (1953) and Wallace (1953 , 1958) 

c..'. * he tendency for genetic markers of one parental 

".y. ogregate together, both in crosses of distantly re-

?.. .pi-cies of mice and within subspecies of laboratory 

T: is "affinity" of the centromeres of common parental 

•:>] ics that the centromeres of varied parental ori-

;;enetically distinct and such differences probably 

i•••... > / reside in the DNA. Walker suggests that differ-

ocms of repetitive sequences could define chromo-

.yf a particular set, as well as distinguishing them 

'-.hrcviiosomes of different origin. 

Walker (1968) also proposed that repetitive se-

q u e :  ;; ],;ay be concerned with the recognition of homologous 

chrr^o-'^ros during the pairing process in cell division. 

'in1 , " 968), and Ratnayake (1968) have suggested that 

•_li- a t  iient site for the protein matrix linking two homo-

]o i omosomes may be facilitated by short repetitive 

For example, it is generally believed that the 

•C the synaptinemal complex is to facilitate chro-

ring. Hotta, Ito and Stern (1966) showed that 



18 

during the formation of the synaptinemal complex, small 

amounts of DNA, that differ in bouyant density are synthe

sized. Chromosome pairing may be facilitated by recognition 

by the protein matrix of certain repetitive sequences on the 

chromosome. 

Walker (1968) further postulates that repetitive se

quences (satellite DNA) may also function in the initiation 

of replication and/or transcription. For example, Comings 

and Mattoccia (1970) observed that in synchronized Chinese 

hamster cells, the DNA synthesized in the first few minutes 

of the S phase shows faster renaturation kinetics than the 

DNA synthesized later. Therefore, one can postulate that 

the initiator region for DNA replication contains many re

petitive sequences. 

Walker (1969) suggests that repetitive DNA may also 

be involved in specifying the folding patterns of chromo

somes in that the sequences along the chromosome could con

trol the folding patterns either by direct or indirect 

interaction with chromosomal proteins. 

Walker (1969) also postulates that repetitive se

quences may function as sites of recognition for genetic 

recombination. He cites Holliday's proposal (1968) that re

combination does not occur at random, but at regions speci

fied by particular nucleotide sequences. These sequences 

would be similar to initiation regions and would be recog

nized by enzymes involved in the process of recombination. 
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Finally, Walker (1968) and Walker (1969) suggested 

that families of repetitive nucleotide sequences may reflect 

similarities in the primary structure of the different pro

teins coded for by an organism. The hypothesis is based on 

the premise that there are only 21 homologous base pairs 

needed for the formation of a stable duplex molecule. These 

bases will code for only 7 amino acids, therefore, how many 

times will the same sequence of 7 amino acids be found in 

the variety of proteins coded for by the total genome. For 

example, Williamson, Morrison and Paul (1970) have observed 

through hybridization studies that the genes coding for the 

9S hemoglobin mRNA are present 50,000 times. Thermal de-

naturation studies showed that considerable mismatching was 

present in the hybridized molecules. However, because ge

netic evidence suggests that there are single loci for the 

hemoglobin subunits (Baglioni, 1963), the authors concluded 

that the hemoglobin molecule must contain some amino acid 

sequences in common with other proteins. 

Britten and Davidson (1969, 1973) and Georgiev 

(1969, 1972) postulated that repetitive sequences are a com

ponent of regulatory DNA concerned with the regulation of 

gene expression in higher cells. Britten and Davidson's hy

pothesis states that producer genes (similar to bacterial 

structural genes) code for protein transcripts. These genes 

are controlled by receptor genes (similar to bacterial oper

ator genes) which are activated by activator RNAs. The 



activator RNAs are transcribed from integrator genes (simi

lar to bacterial regulator genes) which in turn are con

trolled by sensor genes. Britten and Davidson postulate 

that both integrator and receptor genes are in multiple 

copies and arranged in sets. Therefore, a single external 

stimulus reacting on the sensor gene can promote the tran

scription of several gene products. 

Georgiev postulates that each region of the genome, 

which is transcribed from a single initiation point, is 

polycistronic and consist of two main subunits. The first 

subunit is of a regulatory nature and consists of acceptor 

loci. The acceptor loci subunit is that nearest to the ini

tiation site and its base sequences specifically interact 

with various regulatory proteins. This protein-DNA inter

action controls the rate of transcription by blocking poly

merase activity. He postulates that the base sequences in 

this subunit would be repetitive and would be contained in 

many different transcriptional units. The second subunit 

would contain the structural genes which would be regulated 

by the first subunit. 

The basic difference in Britten and Davidson's model 

and Georgiev's model is the role played by heterogeneous nu

clear RNA (hnRNA). Britten and Davidson suggest that hnRNA 

is activator RNA whereas Georgiev suggests that it is the 

combined transcriptional product of both the regulatory and 

the structural gene subunits. 



MATERIALS AND METHODS 

DNA Concentration Estimates 

Concentration estimates of DNA solutions were based 

on the assumption that optical density at 260 nm of a 1.0 

mg/ml solution viewed through a 1.0 cm light path is 20.0 

for DNA (Chargaff, 1955; Magasanik, 1955). 

DNA Extraction Reagents 

Saline-EDTA, 0.15 M NaCl + 0.1 M Ethylenediaminetetra-
Acetate (EDTA), pH 8.0 

Sodium Lauryl Sulfate, 25! solution 

Chloroform-Octinol, Chloroform with 1% Octinol 

Saline-Citrate (SSC), 0.1 SSC equals 0.015 M NaCl + 0.0015 
M Trisodium Citrate, pH 7.0 

ETOH-Ether, 2:1 Volume of 95% ETOH:Ether 

Pancreatic Ribonuclease A, 0.2% (Crystalline, Calbiochem) in 
0.15 M NaCl, pH 5.0 contaminating Deoxyribonuclease 
A was inactivated by incubation at 500 mg/ml at pH 
5.0, in 0.1 M NaCl at 95°C for 20 minutes (Gillespie 
and Spiegelman, 1965). 

Sodium Acetate (NaAc), 3.0 M NaAc + 0.001 M EDTA, Na pH, 7.0 

Sodium Dodecyl Sulfate, 51 Sodium Dodecyl Sulfate (SDS) in 
50% ETOH 

Growth of E. coli 

E. coli strain S/6 was obtained from Dr. Harris 

Bernstein at the University of Arizona Medical Center (Tuc

son) and grown for 8 hours at 37°C in Hershey's-Broth 
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(H-Broth). H-Broth consists of 5 g Bactopeptone, 5 g of 

NaCl and 1.0 g of glucose in 1.0 liter of water. 

Extraction of E. coli DNA 

E. coli DNA was extracted through modifications of 

the procedure first described by Marmur (1961). In brief, 

E. coli cells were harvested from H-broth by centrifugation 

at 6,000 rpm for 10 minutes. The Sorvall SS-34 rotor in the 

RC2B centrifuge was used for all centrifugations unless 

otherwise noted. The supernatant solution was discarded and 

the pellet was resuspended in an equal volume of Saline-EDTA 

solution. To this suspension, sodium dodecyl sulfate was 

added to a final concentration of 2% and the mixture stirred 

at 60°C for 10 minutes to lyse the bacterial cells. Sodium 

perchlorate crystals were added to a final concentration of 

1.0 M and the mixture was shaken with an equal volume of 

chloroform-octinol for 10 minutes. The resulting emulsion 

was separated into 3 layers by centrifugation at 6,000 rpm 

for 10 minutes. The upper aqueous phase which contains the 

nucleic acids was carefully pipetted off and once again 

shaken with an equal volume of chloroform-octinol. 

Chloroform-octinol deproteinization of the nucleic acids was 

repeated until the protein layer of the emulsion was no 

longer present after centrifugation. The nucleic acids were 

precipitated from this upper aqueous phase by the addition 

of 2 volumes of 95% ETOH and collected by centrifugation at 
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10,000 rpm for 10 minutes. The nucleic acids were then re-

dissolved in 10-15 ml of 1./10 saline-citrate and NaCl crys

tals were added to a 1.0 M final concentration. A second 

series of chloroform-octinol deproteinization of the nucleic 

acids was performed and the nucleic acids were precipitated 

and collected as above. The nucleic acids were redissolved 

in 0.5 to 0.75 volume of 1/10 saline-citrate and Pancreatic 

ribonuclease A was added to a final concentration of 50 mg/ 

ml and the mixture incubated at 37°C for 30 minutes. After 

digestion with Ribonuclease A, the mixture was once again 

treated with a series of chloroform-octinol deproteiniza-

tions. After the deproteinization, 1/10 volume of 3.0 M 

NaAc was added. The DNA was then selectively precipitated 

by slowly adding 0.54 volume of isolpropyl alcohol while 

stirring the nucleic acid solution. The DNA was spooled 

from the solution by a glass rod and washed in 100% ETOH be

fore redissolving in distilled water preparatory to shear

ing. 

Extraction of Plant DNA 

Plant DNA was isolated by a modification of the pro

cedure described by Katterman and Ergle (1961). In this 

procedure seeds were dehulled and ground in a Waring blender 

until the seed material passed through a fine wire screen of 

60 mesh. For each gram of seed materials, 10 ml of ETOH-

ether was added and the suspension stirred at room 
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temperature for 3 hours to remove fatty acids. The suspen

sion was then filtered through a Buchner filter with Whatman 

#1 filter paper. The resulting seed material was washed on 

the filter once with acetone, resuspended in 10 ml of ace

tone per gram sample, and stirred overnight at 10°C. The 

suspension was filtered on a Buchner filter and washed suc

cessively with acetone to remove any residual lipids. The 

extent of this washing was determined by mixing equal vol

umes of distilled water with the acetone residue. If the 

material was clean, the mixture remained clear, otherwise it 

turned cloudy. After washing, the seed material was allowed 

to dry and then resuspended in 10 ml of 0.14 M NaCl solution 

per gram of material. The suspension was stirred for 3 

hours at 10°C and then centrifuged at 6,000 rpm for 10 min

utes. The resulting pellet was resuspended and centrifuged 

9-10 times with 10 volumes of 0.14 M NaCl. During the first 

five washes, the seed material was pelleted at 3,000 rpm for 

5 minutes in order to rid the material of DNA containing or

ganelles. Centrifugation in the remaining washes was con

ducted at 10,000 rpm for 5 minutes. Following the final 

wash, the pellet was resuspended in 5 volumes of 0.19 M 

NaCl. After addition of 0.1 volume of 51 sodium dodecyl 

sulfate, the material was left overnight at 10°C with occa

sional stirring in order to facilitate a complete lysis. 

The supernatant, containing the nucleic acids was separated 

from the remaining seed material by centrifugation at 6,000 
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rpm for 10 minutes. NaCl crystals were added to the super

natant to give a final concentration of 1.0 M and the re

sulting mixture stirred in an ice bath for 10 minutes. 

Precipitated proteins were removed by centrifugation at 

6,000 rpm for 10 minutes. The nucleic acid solution was de-

proteinized with chloroform-octinol and treated with ribonu-

clease as described earlier for E. coli DNA. DNA samples 

were considered to be relatively free of protein and carbo

hydrate contamination if the light absorption at 260 nm was 

2 times the absorption at 230 nm and 1.8 times the absorp

tion at 280 nm (Thomas and Abelson, 1966). A significant 

deviation from these ratios dictated further purification. 

Carbohydrate Purification of DNA 

DNA solutions with excess carbohydrate contamination 

were further purified by the cetyltrimethylammonium bromide 

technique as described by Bellamy and Ralph (1968) . Equal 

volumes of 2.5 M PO^ buffer, pH 7.0 and 2-methoxyethanol 

were added to a given volume of DNA in 0.1 M saline-citrate. 

The resulting emulsion was shaken in an ice bath for 10 min

utes then centrifuged at 10,000 rpm for 15 minutes. The top 

layer was combined with an equal volume of methylammonium 

bromide. This solution was incubated in an ice bath for 30 

minutes, then centrifuged at 10,000 rpm for 10 minutes. The 

DNA pellet was then washed 3 times with 0.1 M NaAc in 70% 
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ETOH, 1 time with 70% ETOH and 1 time with 95% ETOH. The 

resulting DNA was redissolved in distilled water. 

Temperature 

Marmur and Doty (1959), Britten and Kohne (1968) 

have shown that the rate of reassociation of DNA varies with 

temperature and reaches a maximum at 20-30°C below the melt

ing temperature (T ). Melting profiles of the AD and D ge

nomes of cotton were conducted and only small differences in 

Tms occurred between the species (Figure 1). 

Table 1 shows good agreement in values determined 

from melting profiles with values computed on the basis of 

guanine-cysteine content. 

Since only small differences existed between the 

different species of cotton, all renaturation experiments 

were conducted at 60°C. 

DNA Fragment Size 

Britten and Kohne (1967) have reported a strong ef

fect of DNA piece size on the rate of reassociation. In 

their work, two different sizes of DNA fragments were used--

roughly 1000 and 600 nucleotides long. The smaller frag

ments were shown to reassociate at about three-fourths the 

rates of the larger fragments. It is therefore necessary in 

comparing rates of reassociation to have comparable fragment 

sizes. In this work, the size of DNA fragments were conve

niently controlled through shearing the native DNA by 
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a A Genome 
• E. coli 
* D Genome 

4.a 

50 60 70 80 90 

T (°C) 

Figure 1. Melting profiles of AD and D DNAs. 

Melting profiles were determined by the increase in absorb-
ance (at 260 nm) corresponding to an increase in the temper
ature of the sample. These experiments were conducted in a 
Beckman DU spectrophotometer equipped with a Haake tempera
ture regulating bath. 
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Table 1. T in 0.1 x SSC. 
m 

Species G-C Content Computed+ Melting Profile 

E. coli 45.4 + 73. 4 73. 5 

D 
* 

30.7 67. 3 65.0 

AD 
* 

27.8 66.1 65.5 

A 
* 

29. 0 66.6 

+ based on the relationship GC = 2.41 T -131.5 (Mandel and 
Marmur, 1968). m 

+ Du Buy, Mattern and Riley (1965) 

* 
Ergle, Katterman and Richard (1964) 
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sonication. Table 2 shows the effect of sonication on DNA 

fragments. 

Davidson (personal communication, 1973) has shown 

that DNA fragments of 1000 nucleotides give accurate results 

when used in DNA renaturation experiments, therefore, DNA 

used for these experiments were sheared for 10 minutes. 

Preparation of DNA for 
Renaturation Analysis 

Pure DNA solutions were sheared by use of a Branson 

sonicator equipped with a micro-tip. Sonication was carried 

out in an ice bath at 1 minute intervals with 1 minute cool

ing time between intervals, for a total of 10 minutes of 

sonication at a setting of 3 on the Branson power source. 

The sheared DNA sample was then centrifuged at 10,000 rpm 

for 20 minutes to rid the sample of any carbohydrate contam

inants. The DNA was precipitated overnight at 0°C by the 

addition of 2 volumes ETOH. The DNA was collected by cen-

trifugation at 10,000 rpm for 20 minutes and redissolved in 

distilled water. The resulting solution was once again cen

trifuged as above to eliminate any carbohydrate contaminants 

and 1.0 M PO^ buffer (consisting of equal concentrations of • 

Na2HP0^ and Nah^PO^, pH 7.0) was added to a final concentra

tion of 0.5 M PO.. 
4 

The DNA solution was then incubated at 60°C until 

such time (a minimum of 4 days) as samples were needed for 

reassociation experiments. This period of incubation was to 
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Table 2. Effect of sonication on DNA. 

Sedimentation velocities were based on single samples except 
for the 10 min interval. The sedimentation velocity for the 
10 min interval was based on the average of 5 runs with a 
range of 6.45 to 7.05. 

Time Sedimentation+ 

+ 

Number of+ 

(min) velocity (s) Nucleotides 

5 7.3 1,166 

10 6.7 909 

15 6.5 832 

20 

00 L
O

 

599 

30 6.2 726 

45 5.5 514 

+ based on sedimentation velocity as determined by ultra-
centrifugation 

3- based on the relationship S = kma (Studier, 1969) 
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allow any sequences that had denatured during sonication 

(Dinowitz, personal communication, 1974) to become reasso-

ciated before optical density experiments. 

As one increases the salt concentration of a DNA so

lution, the melting temperature of the DNA molecules also 

increases (Mandel and Marmur, 1968). Therefore, in order to 

achieve desirable dissociation of the DNA strands dissolved 

in 0.5 M PO^, the solution was boiled at 115°C for 10 min

utes in an ethylene glycol bath. Table 3 gives the result

ing average hyperchromicity of the DNA samples used in these 

experiments. 

As can be seen in Table 3, the average percent hy

perchromicity falls below the expected amount of 30 percent 

(Marmur and Doty, 1959). However, E. coli reassociation 

curves show comparable results with published reassociation 

curves (Britten and Kohne, 1968). Also, whereas the average 

percent hyperchromicity of these experiments varies below 

this amount (30 percent) , some of the experiments within 

each genome gave hyperchromicities close to the expected 30 

percent. As can be seen from Figure 2, when comparing ex

periments with low hyperchromicities with those of higher 

hyperchromicities, equivalent results are found. 

Optical Density Measurements 

The spectral measurements were carried out in a 

Beckman quartz DU spectrophotometer, attached to a Gilford 



Table 3. Average hyperchromicity. 
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Species % hyperchromicity 

Cotton 

A 24.1 

AD 25.8 

D 32.0 

C 25.1 

A+D 28.0 . 

Pumpkin 35.2 

E. coli 25.4 



Figure 2. Comparison of reassociation curves with different hyperchromicities. 

2a. ' G. thurberi #4--hyperchromicity = 29.0! 

o G. thurberi #7--hyperchromicity = 31.0! 

2b. • G. hirsutum #16--hyperchromicity = 29% 
o G. hirsutum #20--hyperchromicity = 18% 

2c. • G. thurberi #8--hyperchromicity = 331 
o G. thurberi #5--hyperchromicity = 24% 

2d. • Pumpkin #2--hyperchromicity = 32% 
o Pumpkin #4--hyperchromicity = 24% 
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automatic absorbance recorder. A Haake circulating bath 

was used to hold a constant temperature at 60°C for the 

analysis. The renaturation reactions were carried out in 

glass-stoppered 1 cm path-length cells. 

Since the renaturation reaction is dependent upon the 

concentration of the DNA and the length of time this DNA is 

allowed to renature, if one were to hold the DNA concentra

tion constant, then one would expect at least a 10^ increase 

in time for the unique sequences to renature than for the 

highly repetitive sequences (Britten and Kohne, 1968). This 

would not be experimentally feasible, therefore this re

search was conducted in three phases, varying both DNA con-

cnetration and time. Phase one consisted of those sequences 

that renatured before a Cot of 1.0 x 10®, phase two equaled 

those sequences that renatured from a Cot of 1.0 x 10® to a 

2 
Cot of 1.2 x 10 and phase three was those sequences with a 

2 
Cot <1.0 x 10 . For phase one, approximately 10 pg/ml con

centration of DNA in 0.12 M PO^ were analyzed. This repre

sents a dilute DNA concentration which was used to increase 

the time period of the reaction in order to increase the 

accuracy of the results. Phase two and phase three utilized 

higher DNA concentrations (100 yg/ml in 0.5 M PO^) to de

crease the time required to complete the reactions. Phase 

one and phase two DNA samples were incubated in the DU spec

trophotometer and readings were recorded periodically, 

whereas phase three DNA samples were incubated in an 
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auxiliary 60°C water bath and transferred to the spectropho

tometer only when analyzed. Due to the concentrations used 

in phase two and three, and to the transfer time necessary 

to place samples from the denaturing bath into the spectro

photometer, sequences analyzed in phase one were already 

renatured at the beginning of phases two and three. 

Hydroxyapatite Chromatography 

Samples were analyzed using the batch procedure 

(Dinowitz, personal communication, 1974). In this process, 

samples were placed in a 5 ml test tube with hydroxyapatite 

equilibarted with 0.12 M PO^ buffer + 0.4% sodium dodecyl 

sulfate, and held at room temperature. The tubes were then 

vortexed and incubated at 60°C for 3 minutes. After incuba

tion, tubes were centrifuged at 3,000 rpm at room tempera

ture to pellet the hydroxyapatite. The samples were washed 

by this procedure 3 times with 0.12 M PO^ to elute single 

stranded DNA and 3 times with 0.5 M PO. to elute double 
4 

stranded DNA. Buffer samples collected were analyzed in the 

spectrophotometer at 260 nm for the presence of DNA mole

cules. Spectrophotometer readings at 320 nm were subtracted 

from the results to adjust values for light scattering due 

to slight amounts of hydroxyapatite particles. 
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Student-Newman-Kuel 
Means Separation Test 

In order to test statistically for differences in 

the reassociation rates and relative amount of repetitive 

sequences between the genomes, a single Cot point was chosen 

at a discrete interval along the abscissa of the curves from 

each of the cotton genomes. These individual points (repre

senting the same Cot value) were subjected to a variance 

analysis. If the F test exhibited significance at the 0.01 

level of probability, then a Student-Newman-Kuel means sepa

ration test was performed (Steel and Torrie, 1960, p. 110). 

Resultsof the latter analysis gave an indication as to which 

of the curves among the genomes differed from one another at 

this particular Cot value. 

This same procedure was also undertaken for the re

mainder of the representative Cot values of the cotton ge

nomes . 



RESULTS 

Comparison of the Rates of Reassociation 
of that Fraction of Cotton DNA that 

Reassociates to a Cot of 1 

Nuclear DNAs of eucaryotes contain large proportions 

of repetitive sequences that represent up to 80 percent of 

the genome (Britten and Kohne, 1968). Repetitive DNA is 

that portion of the genome which, after denaturation, will 

renature rapidly to the double stranded form. These se

quences can be detected by following the change in hyper-

chromicity as a function of duplex molecule formation in 

samples of DNA which have been subjected to denaturation. 

The method of detection is based on the observation that the 

renaturation rate has second order kinetics and is therefore 

dependent on the square of the concentration of each DNA se

quence undergoing renaturation. DNA sequences present in 

the highest concentration (highly repetitive DNA sequences) 

renature most rapidly whereas the remaining sequences rena

ture at a rate proportional to their concentration. 

To analyze that portion of cotton DNA that renatures 

to a Cot of 1, approximately 10 wg per ml of DNAs isolated 

from different species of cotton were subjected to heat de

naturation conditions (115°C for 10 minutes). These sam

ples were then transferred to an optical cell in the 
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spectrophotometer, where changes in the hypochromicity could 

be observed. The process of transfer took no more than 120 

seconds. The rates of reassociation of this fraction of 

these DNAs are shown in Figure 3. The mean curve plotted 

represent the values of the three individual reassociation 

experiments for each of the species of cotton DNAs. Each 

individual experiment was replicated with three identical 

samples. The mean curve for a particular experiment was de

termined by the arithmetic average of the three replica

tions . 

Figure 4 shows that when comparing the mean reasso

ciation rates of the four cotton DNAs to a Cot of 7.2 x 10 * 

only slight differences can be detected. For example, at a 

Cot of 1.0 x 10 * the percent of reassociation ranges from 

1.5 (for the C genome) to 3.9 (for the A genome) with the D 

genome and AD genome having values of 3.7 and 2.8 respec

tively. At a Cot of 5.0 x 10 1, these values range from 8.0 

(for the C genome) to 10.0 (for the A genome). In this ex

periment, the largest difference observed in the rates of 

reassociation of these DNAs was 2.5 percent, observed at a 

_ ? 
Cot of 7.0 x 10 . While the C genome had no observable re

association, the AD and A genomes had 2.5 percent of their 

DNA reassociated. Thus there appears to be no significant 

difference in the percent of this repetitive fraction of DNA 

among the cotton species tested. 



Figure 3. Reassociation rate of those sequences from four representative cotton ge
nomes that reassociate to a Cot of 1. 

Figure 3AD G. hirsutum 

o AD #1 
x AD #2 
A AD #3 

mean value of AD genome 

Figure 3A G. herbaceum 

o A #1 
x A #2 
A A #3 

mean value of A genome 

Figure 3D G. thurberi 

o D #1 
x D #2 
A D #3 

mean value of D genome 

Figure 3C G. bickii 

o C #1 
x C #2 
A C #3 

mean value of C genome 
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Figure 4. Comparison of mean reassociation rates shown in Figure 3. 

The symbols in the figure denote: 

G. herbaceum (A genome) 
o G. bickii (C genome) 
x G. thurberi (D genome) 
A G. hirsutum (AD genome) 
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To test this conclusion statistically, a Student-

Newman-Kuel means separation test was performed. In Table 

4, the means at each Cot value with the same superscript 

letter are not significantly different from one another at 

the 0.01 or 0.05 probability level of significance by this 

test. As can be seen from the letter superscripts in Table 

4, there is no significant difference in these sequences 

among all four species of cotton. 

Due to the transfer time necessary to place samples 

in the spectrophotometer, there might be sequences in the 

cotton DNA that renatured before the reassociation process 

could be observed in the spectrophotometer. This was not 

shown to be the case in view of the following replicated ex

periment. The early reassociating fraction of DNA from the 

AD genome was also analyzed by hydroxyapatite chromatog

raphy. It is the property of hydroxyapatite, when equili

brated with 0.12 M PO. to bind all double stranded, but not 

single stranded DNA molecules. Therefore, samples were 

passed through hydroxyapatite equilibrated at 0.12 M PO^ to 

remove unreassociated DNA fragments. The hydroxyapatite was 

then washed with 0.4 M PO^ to elute any reassociated DNA 

fragments. These experiments showed that no DNA molecules 

. ? 
had reassociated before Cot of 10 
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Table 4. Student-Newman-Kuel mean separation procedure for 
that fraction of cotton DNA that reassociates to a 
Cot of 7.0 x 10"1. 

Mean DNA Reassociation Value of Genome+ 

Cot (AD) (A) CD) (C) 

2.0 X 10" 
2 

99.3a 100.oa 99.8a 100.oa 

3.0 X 10" 
2 

98.7a 99.7a 99. 8a 100.oa 

5.0 X 10" 
2 

98. 0a 98.8a 99.0a 100.oa 

7.0 X 10' 
2 

97. 5a 97. 5a 98. 2a 100.oa 

1.0 X 10" 
1 

97. 2a 96. la 96. 3a 98. 5a 

2.0 X 10" 
1 

95.7a 94. 0a 93.3a 96.2a 

3.0 X 10" 
1 

93. 0a 93. 0a 92. la 99. 7a 

5.0 X 10" 
1 

91. 3a 90.0a 91. 4a 92. 0a 

7.0 X 10" 
1 

90.2a 88. 3a 90.0a 89. 0a 

At each Cot value, means with the same letter are not sig
nificantly different at the 0.01 or 0.05 level of signifi
cance by the Student-Newman-Kuel mean separation test. 



43 

Comparison of the Repetitive 
Fraction of Cotton and Pumpkin DNA 

Britten and Kohne (1968) and Walker (1969) have 

shown that a large portion of the fast reassociating DNA 

fraction consists of sequences found in satellite DNAs. 

Katterman and Vodkin (1971) analyzed the AD species of cot

ton DNA for the presence of satellite DNA components and 

found evidence for minute amounts of satellite DNA. Since 

pumpkin contains extremely large quantities of satellite 

DNA, the reassociation rate of the fast reannealing frac

tions of cotton and pumpkin DNA were compared as a range 

comparison control. 

In this experiment, 10 ng per ml of DNA isolated 

from pumpkin seeds were denatured. The repetitive fraction 

of DNA was then analyzed by the same procedure as described 

earlier. Figure 5 shows the comparison of this fraction of 

pumpkin DNA with the same fraction from the DNAs of four 

species of cotton. In this figure, the curve plotted for 

pumpkin DNA represents the mean values of four individual 

reassociation experiments. Each individual experiment was 

replicated with three identical samples. The resultant re-

naturation curve was determined by the arithmetic average of 

the three replications. 

It can be seen from Figure 5, that the pumpkin DNA 

exhibits a faster rate of reassociation than that of the 

cotton DNAs. The former DNA exhibits some reassociation 



Figure 5. Comparison of the reassociation rates of the more repetitive fractions 
cotton and pumpkin DNAs. 

The symbols in the figure denote: 

G. thurberi 
o G. herbaceum 
A G. bickii 
+ G. hirsutum 
x pumpkin 
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Figure 5. Comparison of the reassociation rates of the more repetitive fractions of ^ 

cotton and pumpkin DNAs. 



(about 0.5%) beginning at a Cot of 1.0 x 10while the 

cotton DNA, as a whole, shows no reassociation of the 

strands until a Cot of 2.0 x 10 At this Cot value pump

kin DNA has shown 2.0 percent reassociation. At a later Cot 

of 7.0 x 10 ^, pumpkin DNA has shown a mean reassociation 

value of 15.8 percent, whereas, cotton exhibits only 10.0 to 

11.8 percent. 

The Student-Newman-Kuel mean separation test was 

performed to test the hypothesis that the mean reassociation 

rate of pumpkin DNA varied significantly from that of the 

four cotton DNAs, at points along their respective curves. 

In Table 5, mean reassociation values with the same super

script letter are not significantly different at the 0.01 

level of significance by this test. Those values with two 

different superscripts indicate points where significance 

cannot be determined from the sample sizes given. From 

- 2 
Table 5, one can see that from a Cot of 5.0 x 10 to a Cot 

of 20 x 10 1, the mean reassociation values for pumpkin 

differ significantly from those of the four species of cot

ton. At all of the other points there seems to be no signif

icant difference between any of the listed curves. Results 

indicate that the fast reassociating DNA fraction from pump

kin contains more repetitive sequences than the same frac

tion from the four different species of cotton. Also, 

results indicate that some of the sequences in this fraction 



Table 5. Student-Newman-Kuel mean separation procedure for a comparison of cotton 
and pumpkin DNA; level of significance = 0.01. 

Mean Reassociation Rate of Genomes+ 

Cot 
G. hirsutum 

AD 
G. herbaceum 

A 
G. thurberi 

D 
G. bickii 

C 
Cucurbita 

P 

2.0 x 10" 
2 

99.3a 100.oa 99.8a 100.0a 97.9a 

3.0 x 10" 
2 

98. 7a 99. 7a 99.8a 100.oa 96.0a 

5.0 x 10" 
2 

98. 0b 98.8b 99.0b 100.0b 94. 2a 

7.0 x 10" 
2 

97. 5b 97.5b 98.2b 100.0b 93.3a 

1.0 x 10" 
1 

97.2b 96.lb 96.3b 98.5b 92.3a 

2.0 x 10" 
1 

95. 7b 94.0ab 93.3ab 96.2b 90.4a 

o
 

X
 

10" 
1 

93. 0a 93. 0a 92.la 94.7a 89.4a 

5.0 x 10" 
1 

91. 3a 90.0a 91. 4a 92. 6a 86.3a 

7.0 x 10" 
1 

90. 2a 88.3a 90. 0a 89. 0a 84.3a 

At the same Cot value means with the same letter are not significantly different at 
the 0.01 level of significance by the Student-Newman-Kuel test. 
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are in a higher concentration (represented more times) in 

the pumpkin genome than in the four cotton genomes. 

This experiment shows that if the four cotton ge

nomes contained these fast reassociating sequences as found 

in pumpkin, the resolution of the technique is such that 

the reassociation of these sequences would have been ob

served. 

Reassociation of the Remaining 
Fraction of Repetitive DNA m Cotton 

Figures 6-9 show the reassociation rates of the re

maining fraction of repetitive DNA for the four species of 

cotton. In this research, these sequences are sequences 

that renature from a Cot of 1.0 x 10° to a Cot of 1.0 x 103. 

The curves plotted represent the values based on four indi

vidual reassociation experiments for each species of cotton 

DNA. Each experiment was replicated with two identical sam

ples of cotton DNA, and one sample of E. coli DNA as a tech

nique control. The reassociation curve for each experiment 

was determined as the mean value of the two samples of cot

ton DNA. In these experiments, approximately 100 vig/ml of 

DNA were first denatured in 0.5 M PO^ by boiling at 115°C 

for 10 minutes. This denatured DNA was then allowed to re-

? 
associate to a Cot of 2.0 x 10 while incubating at 60°C in 

the spectrophotometer. The rates of reassociation of the 

DNA strands were determined by monitoring the changes in 

hypochromicity, at 260 nm, during this period of incubation. 



Figure 6. Reassociation rate of that fraction of G. hirsutum (AD genome) DNA which 
reassociates from a Cot of 10~1 to a Cot of 103. 

The symbols in the figure denote: 

+ AD #1 
o AD #2 
x AD #3 
A AD #4 

mean reassociation curve 
© E. coli 
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Reassociation rate of that fraction of G. hirsutum (AD genome) DNA which 
reassociates from a Cot of 10"! to a Cot of 10^. 00 



Figure 7. Reassociation rate of that fraction of G. herbaceum fA genome) DNA 
which reassociates from a Cot of 10"! to a Cot of 10*. 

The symbols in the figure denote: 

+ A #1 
o A #2 
x A #3 
A A #4-

mean reassociation curve 
© E. coli 
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Reassociation rate of that fraction of G. herbaceum (A genome) DNA which ^ 
reassociates from a Cot of 10"! to a Cot of 103. 



Figure 8. Reassociation rate of that fraction of G. thurheri (D genome) DNA which 
reassociates from a Cot of 10"! to a Cot of 103. 

The symbols in the figure denote: 

+ D #1 
o D #2 
x D #3 
A D # 4 

mean reassociation curve 
© E. coli 
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Figure 9. Reassociation rate of that fraction of G. bickii (C genome) DNA which 
reassociates from a Cot of 10"! to a Cot of 103. 

The symbols in the figure denote: 

• C #1 
o C #2 
x C #3 
A C #4 

mean reassociation curve 
© E. coli 



Figure 9. Reassociation rate of that fraction of G. bickii (C genome) DNA which m 
reassociates from a Cot of 10'l.to a Cot of 103. *"* 
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At a Cot of 2.C x 10 , the DNAs were transferred to an aux

iliary incubation bath set at 60°C. Periodically, DNAs were 

transferred back to the spectrophotometer, and additional 

changes in hypochromicity were recorded. This periodic 

transferring of DNA, and recording of additional changes in 

hypochromicity was continued until a Cot of 1.0 x 10 , at 

which point, a fraction with a different rate of reassocia-

tion (presumed to be the unique fraction) was observed. 

It was observed from Figures 6-9 that on renatura-

tion, the DNAs from these species fell into two classes sep

arated by a plateau region. These two classes had Cot^^ 

values (that is the point at which that portion of the DNA 

was half renatured) of 5-11 and greater than 1000. The pla

teau region between the two phases of the reassociation 

curves probably represents the region where the renaturation 

of the repetitive DNA was almost complete and where the 

unique fraction had not started to reassociate. In subse

quent references to repetitive and unique sequences, this 

plateau or inflection point is used to define the propor

tions of these two classes. This plateau corresponds to a 

2 
Cot of 10 which Britten and Kohne (1968) found to be that 

point at which eucaryotic (calf thymus) unique sequences be

gin to reassociate. Thus the precent reassociation at which 

the plateau occurs gives an estimate of the proportions of 

the total DNA present in the repetitive and unique frac

tions. For example, Figure 6 shows that the AD genome has 



approximately 45 percent of its DNA being repetitive and 55 

percent being unique. Table 6 shows the percent of the to

tal DNA that is presumed to be present in the repetitive 

fraction for each of the four species analyzed (Figures 6-

9). 

Figure 10 depicts the comparisons of the reassocia-

tion rates shown in Figures 6-9. As shown in Figure 10, G. 

thurberi (D genome) seems to have the least amount of repe

titive DNA, whereas the tetraploid G. hirsutum (AD genome) 

and diploid G. bickii (C genome) seem to have the most re

petitive DNA sequences. The relationships of total amount 

of repetitive DNA (as shown in Table 6) can also be seen 

from this figure. 

Reassociation Rate of the DNAs 
from Four Cotton Species 

To obtain reassociation of the strands to a Cot of 

1.0 x 10^, if given a sample of DNA at a concentration of 

100 yg/ml, one must incubate this sample for approximately 

580 sec (since Cot = concentration of DNA in moles/liter x 

time in seconds). Therefore, in analyzing the fraction of 

repetitive DNA in the last section, accurate observations of 

those sequences which reassociate before a Cot of 1.0 x 10^ 

could not be made, due to the time needed to place samples 

from denaturing bath into spectrophotometer. However, this 

fraction had been previously analyzed (see section on that 

fraction that reassociates to a Cot of 1). Therefore, one 
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Table 6. Fraction of DNA that is presumed to be repetitive, 

Percent repetitive DNA was determined by extrapolating from 
the plateau region (at approximately a Cot of 10^) to the 
percent reassociated axis. Coti/2 for repetitive sequences 
was determined by the midpoint of the curve between the ini
tial plateau (at approximately Cot of 8.0 x 10"1) and the 
plateau separating the unique and repetitive sequences (at 
approximately Cot of 1.0 x 10^). Cot^/2 for the unique se
quences was shown to be >1000 since at 10^ (1000) this DNA 
is not yet reassociated. 

Cot1/2 Cot1/2 
Presumed Presumed Presumed 

Species Repetitive Unique % Repetitive DNA 

AD 9 >1000 45 

A 9 >1000 35 

D 8 >1000 18 

C 5 >1000 38 



Figure 10. Comparison of the mean renaturation rates shown in Figures 6-9. 

The symbols in the figure denote: 

o £. bicki i (C genome) 
G. herbaceum (A genome) 

x G. hirsutum (AD genome) 
A G. thurberi (D genome) 
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Figure 10. Comparison of the mean renaturation rates shown in Figures 6-9. 
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can combine the two sets of curves (Figures 11-14) to obtain 

a relative DNA renaturation curve for all fractions of the 

repetitive DNA. Since it was shown that there are no sig

nificant differences in the fast reassociating fractions from 

these four species, then the relationships that had been 

shown for the fractions discussed in the previous section 

should also hold for these curves of the total spectrum of 

repetitive DNA. For example, plateaus from each individual 

curve as seen in Figures 6-9 are also present as an average 

mean value in Figures 11-14. From Figures 11-14, one can 

estimate the total amount of repetitive DNA in the genome 

of the four species of cotton analyzed by extrapolating from 

the plateau region to the percent reassociated axis. Table 

7 shows these relationships. 

As one can see from Figures 11-14 and Table 7, the D 

genome has less repetitive DNA than the A, AD or C genomes. 

Figure 15 shows the comparison between the renatura

tion rates of the total repetitive sequences from these four 

species of cotton. There is very little difference in the 

rate of reassociation between these species of cotton up to 

about a Cot of 2.0 x 10^. At this point, there seems to be 

a significant difference between the representative curves. 

The Student-Newman-Kuel mean separation test was performed 

on representative points above 1.0 x 10^. Table 8 gives the 

results of the statistical test at the 0.01 level of signif

icance, and shows a significant difference in the mean 
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Table 7. Repetitive DNA in total genome for cotton species. 

Estimate of the percentages of repetitive and unique DNA 
fractions were determined by extrapolating from the plateau 
region to the percent reassociated axis (dashed line on Fig
ures 11-14). 

Presumed Presumed 
Species % Repetitive DNA I Unique DNA 

A I) 5 3 4 7 

A 4 4 !".(> 

D 2 5 7 r. 

C 4 6 !>4 



Figure 15. Comparison of the reassociation rate of the four cotton genomes. 

Symbols in the figure denote: 

A G. thurberi (D genome) 
o G. herbaceum (A genome) 

G. hirsutum (AD genome) 
+ G. bickii (C genome) 
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Table 8. Student-Newman-Kuel mean separation procedure for 
the fraction of cotton DNA that reassociates from 
a Cot of 100 to a Cot of 103. 

Percent Unassociated DNA 

Mean Value of Genome+ 

Cot AD A DC 

1.0 X 10° 90. 3b 84.la 89,5ab 86.0b 

2.0 X 60° 85. 8a 80. 8a 88.6a 78.9a 

3.0 X 10° 83.0ab 78.5ab 87. 5b 75.3a 

5.0 X 10° '79. lb 7 5.3ab 89. 9b 69.4a 

7.0 X 10° 75.5ab 7 3.lab 82. 3b 66. 5a 

1.0 X 101 1'i. oa" 7 0.6ab 78. 8b 63.6a 

2.0 X 101 67.0ab 66.0ab 75. lb 59. la 

3.0 X 101 62.lab 63.9abc 7 2. 3C 57. 5a 

5.0 X 101 58. 9a 60.0a 69.9C 56.2a 

7.0 X 101 53. 4a 57.4a 67. lb 55a 

1.0 X 102 45.3a 55.0ab 69.8b 50. 5a 

2.0 X 102 43.la 51.5ab 56. 0b 45. 3a 

3.0 X 102 36. la 44.8ab 50. 8b 40.6a 

5.0 X 102 31. 4a 37.9a 41.0a 32. 8a 

7.0 X 102 26.8a 33.la 34. 9a 28.8a 

1.0 X 103 32.4a 36. 9a 40.0a 32. 8a 

+ At each Cot value, means with the same letter are not sig
nificantly different at the 0.01 level of significance by 
the Student-Newman-Kuel test. 
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reassociation values between the C and D genomes. As seen 

in Table 8, when comparing the A genome with the C and D ge

nomes, the results show similarities of this genome with 

both the C and the D genomes and is therefore ambiguous. 

However as can be seen from Table 8 and Figure 15 that even 

though the A and C reassociation curves differ significantly 

from one another, they are more similar to each other than 

they are to the D reassociation curve. In comparing the AD 

genome curve with that of the C genome, although AD contains 

more repetitive DNA than the C genome, the latter reasso-

ciates at a faster rate. 

Comparison of the Reassociation Rates 
of the AD, A, D and A+D DNAs 

G. hirsutum (AD genome) is a cultivated allotetra-

ploid species of cotton which contains a full complement of 

chromosomes from a species in the A genome and a species in 

the D genome. One would therefore expect the reassociation 

rate of this species to be approximately at the mean differ

ence of the A and D genomes. However, from Figure 10 and 

Figure 15 we see that this is not the case but instead the 

AD follows more closely to the A genome than to the D ge

nome. Therefore, DNA from the A genome and D genome were 

added in equal concentrations to a sample (A+D DNA) and its 

reassociation rate was compared to the AD, A, D DNAs. Fig

ure 16 shows that this combined DNA (A+D) does approximate 

the expected curve, but still follows close to the rate of 



Figure 16. Comparison of reassociation 

Symbols in the figure denote: 

G. thurberi (D genome) 
o A+D DNA 
x G. herbaceum (A genome) 
A G. hirsutum (AD genome) 

D and A+D DNAs. 
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Figure 16. Comparison of the reassociation of AD, A, D and A+D DNAs. 1/1 
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the A genome. The Student-Newman-Kuel test was performed on 

these mean values to test for significant differences. 

Table 9 shows the results of this test at the 0.01 level of 

significance. This statistical test shows that the A+D re-

association rate curve probably did not exhibit a signifi

cant deviation from both the A and the D curves at any 

point, but that it did show some significant deviations from 

the AD curve (examples: Cot = 5 x 10*, 7 x 10*, 1 x 10^, 2 

x 10^, 3.0 x 10^ and 5.0 x 10^). Results from this table 

indicate that the A+D curve is similar to both the A and D 

curves, but differs from the AD curve, particularly towards 

the plateau region of the repetitive sequences. 
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Table 9. Comparison of AD, A, D and A+D DNA renaturation 
curves by the Student-Newman-Kuel mean separation 
procedure; level of significance = 0.01. 

Percent Unassociated DNA 

Mean Value of DNA+ 

Cot AD A D A+D 

2 .  0  X io" 2  99 .  3 a  100 .  o a  99 .  8 a  100  o a  

3 .  0  X io~ 2  98 .  7  a  99 .  7  3  99 .  8 a  100 .  o a  

5 .  0  X 10" 2  98 .  o a  98 .  8 a  99 .  o a  100 .  o a  

7 .  0  X 10" 2  97 .  5 a  97 .  5 a  98 .  2 a  100 .  o a  

1 .  0  X io" 1  97 .  2 a  96 .  l a  96 .  2 a  100  o a  

2 .  0  X io" 1  95 .  7 a  94 .  o a  93 .  ,a 97 .  3 a  

3 .  0  X io" 1  93 .  o a  93 .  o a  92 .  l a  96  o a  

5 .  0  X io" 1  91  3 a  90 .  o a  91 .  4 a  93 .  8 a  

7 .  0  X io" 1  90 .  l 3  88 .  3 a  90 .  o a  92  6 a  

1 .  0  X 10°  90 .  3 b  84 .  ^ab 83 .  5 a b  88  5 a b  

2  0  X 10°  85  8 a b  80 .  8 a b  88 .  6 b  85  , ab 6  

3  0  X 10°  83  o a  78 .  5 a  87 .  5 b  83  3 a  

5  0  X 10°  79  j ab 72 .  3 a  84  9 b  79  8 a b  

7  0  X 10°  75  5 a  73 .  l a  82 .  3 a  77  6 a  

1  0  X io 1  72  o a  70 .  6 a  78 .  8 a  75  3 a  

2  0  X io 1  67  o a  66  o a  75 .  l a  71  4 a  

3  0  X io 1  62  l a  63 

-O 

00 72 .  3b 69  8 a b  

5 0 X io 1  56  8a 60  o a b  69 .  4C 66  6 b c  

7 0 X io 1  53  5a 57  4a 67 .  l b  64  3b 

1  0 X io 2  45 3a 55  0ab 64  8 b  62  o b  
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Table 9, continued. 

Cot 

Percent Unassociated DNA 

Cot AD 

Mean Value 

A 

of DNA+ 

D A+D 

2. 0 X 102 43.la 51.5ab 56. 0b 

o
 

00 LO 

3. 0 X 102 40.la 44.8ab 50.8C 53.4C 

5. 0 X 102 31. 4a 37.9ab 41.0ab 44.lb 

7. 0 X 102 26. 8a 33.la 34. 9a 36. 3a 

1. 0 X io3 32.4a 36. 9a 40.0a 35. 7a 

+ 
At the same Cot value, means with the same letter are not 
significantly different at the 0.01 level of significance 
by the Student-Newman-Kuel test. 



DISCUSSION 

As mentioned previously, botanists have separated 

the thirty-two diploid species of Gossypium into six genomic 

classes (A-F). Each of these different classes can be dis

tinguished from one another cytologically by characteristic 

similarities in genome chromosome size. Katterman and Ergle 

(1970) have reported that the relative meiotic chromosome 

sizes for these different genomes are as follows: (1) the C 

genome species have very large chromosomes; (2) the E and F 

genome species have large chromosomes, which are slightly 

larger than those of the A genome; (3) the B genome species 

have large chromosomes with some being larger than the A ge

nome; (4) the A genome species have small chromosomes. 

These six genomic classes of Gossypium can therefore be ar

ranged as C, E, F, B, A, and D with respect to decreasing 

chromosome size. Katterman and Ergle also reported that the 

large chromosomes are two to three times the size of the D 

genome. 

Since these chromosomes were known to be different 

in size at the condensed state but are of the same length at 

the dispersed state, Endrizzi (1962) proposed that this dif

ference in chromosome size was due to a differential conden

sation of the chromosomes. If this proposal is in fact 

correct, one would expect to find a difference in the 

69 
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histone complements from these chromosomes, since it is 

generally believed (Huang and Bonner, 1962) that the conden

sation of the chromosomes before cell division is due to the 

histone complement complexing with the negatively charged 

phosphate groups of DNA. Shannon (personal communication, 

1974) in characterizing the histones from various plants, 

has found that in Gossypium, there is essentially no differ

ence in the histone component among the genomes analyzed. 

He found that each genome contains essentially the same 

classes of histones and that the histone/DNA ratio was 

1.08:1 in G. hirsutum (AD), 1:0.98 in G. herbaceum (A), and 

1:0.97 in G. thurberi (D). Therefore, the size differences 

of chromosomes within the various genomes are not a conse

quence of a differential condensation of the chromosomes due 

to the relative amounts of histone components. 

Katterman and Ergle (1970) analyzed the total DNA 

from these species by a diphenylamine procedure. They found 

that the mean value of DNA content (expressed in milligrams 

of DNA per gram of defatted seed embryos) for each genome 

was; C = 1.98, F = 1.54, E = 1.49, A = 1.08, B = 1.12, and 

D = 0.83. They therefore concluded that there was a close 

relationship between chromosome size and DNA content. Sev

eral discrepancies however, were noted in their study, 

therefore, Edwards, Endrizzi and Stein (in press"* also ana

lyzed the DNA content of these chromosomes. They used a 

Barr and Stroud Integrating microdensitometer to perform 
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Feulgen cytophotometry procedure and found that the relative 

mean value of DNA content for each genome was; C = 20.3, F = 

14.3, E = 18.3, A = 18.7, B = 13.9, and D = 11.0 (.arbitrary 

units). Edwards, Endrizzi and Stein also concluded that 

there was a direct correlation between DNA content and chro

mosome size in Gossypium. 

If the differences in chromosome size are due to DNA 

content, then these differences might be expected to be re

flected in the repetitive DNA sequences of these chromo

somes. Therefore, in this study, renaturation rate curves 

were used to determine if the genomic size differences of 

chromosomes are reflected in the relative amounts of repeti

tive DNA. 

Amount of Repetitive DNA Compared to 
DNA Content in Four Genomes of Gossyp'ium 

Table 7 shows the percent of the total DNA that is 

presumed to be repetitive in each of the four species ana

lyzed. Using this information and the values for the total 

amount of DNA per genome as shown by Edwards (1973), we can 

derive the information shown in Table 10. From Table 10 

column d, it can be seen that the amount of the total DNA 

that is presumed to be unique in the D genome, is equal to 

about 8.2, whereas in the A genome and C genome it is equal 

to 10.5 and 11. 0 respectively. Therefore the ratio of the 

unique portions of the D genome as compared to the A genome 

and C genome is 1:1.3 and 1:1.3 respectively. If we assume 



Table 10. Percent DNA values for Gossypium. 

Total DNA (Units) 

Species 

Approx. 
% 

Repetitive 

Approx. 
% 

Unique 

Total"1" 
Amount 

DNA 
(Units) 

Total 
Repetitive 

(A) 
Unique 

(B) 

AD 53 47 26.83 14.2 12.6 

A 44 56 18. 66 8 . 2 10. 5 

C 46 54 20.30 9.3 11.0 

D 25 75 10. 95 2.7 8.2 

+ Edwards, 
from the 

Endrizzi and Stein (in press). Units given are 
Barr and Stroud Integrating microdensitometer. 

arbitrary units obtained 



that these sequences represent structural genes that are 

present as a single copy in each of the genomes, then one 

would expect a 1:1 ratio when comparing the D genome with 

that of the A and C genome. The deviations of the ratios 

observed from that which is expected can be resolved by a 

process of genetic evolution. For example, both Britten and 

Kohne (1968) and Walker (1969) have postulated that repeti

tive sequences have originated by processes of macromutation 

which initially gives rise to very highly repetitive DNA se

quences. They then postulate that through time, random base 

substitutions result in sequence divergence to the point 

where some highly repetitive DNA evolve into what is classi

fied as intermediate repetitive DNA. Further sequence di

vergence by random base substitution causes some sequences 

to change to those which would be classified as unique se

quences. If it is assumed (Edwards, Endrizzi and Stein, in 

press) that the D genome represents the ancestral amount of 

DNA then it is possible that through a macromutaional pro

cess, the C and A genomes have evolved from the D genome. 

In such a case, one would expect that the C and A genomes 

would contain a larger amount of repetitive DNA than the D 

genome. From Table 10 one can see that this appears to be 

true. For example, Table 10 column a, shows that the amount 

of repetitive DNA in the D genome is equal to 2.7 units, 

whereas in the A and C genomes it is equal to 8.2 units and 

9.3 units respectively. Therefore, the ratio of the 
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repetitive sequences in the D genome, as compared to the A 

and C genomes is 1:3.0 and 1:3.4 respectively. Through ran

dom base substitutions, sequence divergence could have oc

curred among the repetitive DNA in the A and C genome. This 

would result in new unique sets of DNA. Therefore, the data 

in Table 10 tends to corroborate our hypothesis for the evo

lutionary origin of the cotton genomes. 

Table 10 column b also shows that the amount of 

unique sequences in the AD genome is equal to 12.6 units. 

Since this genome is an allotetraploid, with a full comple

ment of chromosomes from both the A genome and D genome, one 

would have expected the amount of unique sequences in the AD 

genome to be equal to 18.7 units, which is the sum of the 

unique sequences in the A genome and in the D genome (assum

ing these genomes have no unique sequences in common). We 

find however, a difference in the amount which is expected 

and the amount which is observed equal to 6.1 units. This 

difference probably represents DNA sequences which are found 

in common in both the A and D genomes. In analyzing the re

petitive DNA of the AD genome, Table 10 column a shows that 

the amount of repetitive sequences in the AD genome (14.2 

units) differs from that which is expected (10.9 units) from 

the sum of repetitive sequences in the A genome (8.2 units) 

and the C genome (2.7 units) by 3.3 units. This value (3.3 

units) is equal to approximately 1/2 of that value (6.1 

units) which was shown to be unique sequences found in 
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common in the A and D genomes which would therefore be re

petitive in the AD genome by definition. 

It can also be seen from Table 10, that as chromo

some size increases DNA content increases and the total 

amount of repetitive DNA increases. Previously, it was 

noted from Table 10 that the ratio of unique sequences in 

the D genome as compared to the A and C genome is approxi

mately 1:1. Table 10 column A shows that the total amount 

of repetitive DNA in the D genome is equal to 2.8 units, 

whereas in the A and C genome this amount is equal to 8.2 

units and 9. 3 units respectively. Therefore, the ratio of 

repetitive DNA in the D genome as compared to the A and C 

genome is equal to 1:3 and 1:3.3 respectively. Therefore, 

it appears that as chromosome size increases DNA content 

also increases, and that this increase in DNA content is 

probably due to corresponding increases in the amount of 

repetitive sequences and not unique sequences. 

Comparison of DNA Content with 
50 Percent Reassociated Co~ 

Due to variances observed in the reassociation rate 

within each genome, the plateau region separating the repe

titive and unique sequences is not pronounced in several of 

the genomes. In fact, this plateau may be an artifact of 

the experiments and may not actually exist. The receding of 

a plateau is what one would expect to find when studying the 

reassociation rate of an organism which has a very 
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heterogeneous mixture of repetitive DNA classes, especially 

if there are classes of repetitive DNA in which the se

quences are repeated only a few times. However, one can 

still estimate the repetitiveness of the genome without the 

occurrence of this plateau. For example, genomes with a 

higher percentage of repetitive DNAs, tend to reassociate at 

a lower Cot value. Therefore in analyzing the 50 percent 

Cot (that Cot value at which 50 percent of the total DNA is 

reassociated), one would expect to find the same relation

ship among the genomes as found with the plateau analysis. 

Table 11 which summarizes this research shows this relation

ship. 

In Table 11 column a is a list of the different cot

ton genomes studied in order of decreasing chromosome size. 

Columns b and c give the DNA content of the genomes as re

ported by Katterman and Ergle in 1970 (column b) and by Ed

wards, Endrizzi and Stein (in press) (column c). Column d, 

Table 11 shows the presumed amount of repetitiveness as de

termined by the plateau region, whereas column e shows the 

50 percent Cot values at the 5 percent level of signifi

cance. As can be seen from Table 11, as chromosome size de

creases, so does the DNA content of the genome. Also as 

these values decrease the presumed amount of repetitive DNA 

decreases and the 50 percent Cot increases. Therefore, this 

research shows that the differences in the size of chromo

somes is probably due to differences in repetitive DNA. 



Table 11. DNA content as compared to repetitive DNA. 

(a) 

Genome 

* 

(b) 
DNA 

Content 
(mg/ml) 

(c) + 

DNA 
Units 

(d) 
Presumed 

% Repetitiveness 

(e)i 
Mean Value of 

501 Cot (x 102) 

C 1. 98 20.3 46 0
 

w
 

1 CS
i 

o
 

A 1.08 18.7 44 1.7-2.6 

D 0. 83 11.0 25 2.7-3.3 

* 
Katterman and Ergle (1970). 

+ Edwards, Endrizzi and Stein (in press). 

+ Range of 501 Cot values at 0.05 level of significance. 
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Comparison of the AD Reassociation 
Rate with that of the A and D 

Figure 16 shows that the DNA reassociation rate of 

the AD genome approximates the reassociation rate of the A 

genome rather than an intermediate rate between the A and 

D genomes. This may be explained as follows: from the pre

vious section, it was seen that the increase in DNA content 

among the various genomes is equal to an increase in the 

amount of repetitive DNA. If we assume that the ancestral 

genome (the D genome) contains 1 complement of repetitive 

DNA, then the A genome would contain approximately two com

plements (since the A genome contains twice the amount of 

DNA as the D genome). Therefore, when extracting the DNA 

from the AD genome, one obtains 2 complements of DNA from 

the A genome and 1 complement from the D genome. Therefore, 

the reassociation rate of the AD genome would not be ex

pected to be a mean value between the A and D genomes, but 

would approximate that value of the A genome. From Figure 

15, it can be seen that the reassociation rate of the A+D 

DNA (equal amounts of A and D DNA) does approximate the mean 

reassociation values between the A and D genome as would be 

expected. 

The reason that the AD genome reassociation rate 

differs from the reassociation rate of the A+D DNA is not 

known at this time, but may be due to some macromutation 

process during polyploidization. 
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Chromosome Structure in Gossypium 

The most widely held view of chromosome structure is 

the unineme theory (Thomas, 1971; Callan, 1972; Rees and 

Jones, 1972), which states that within a chromosome only one 

DNA double helix is present. From the cytological study by 

Edwards, Endrizzi, and Stein (in press), they found that in 

the genus Gossypium there was no indication of DNA increases 

by whole strand doubling, since the DNA content of the spe

cies does not fall into an orderly series of increases. 

They found in fact that the diploid species covered a wide 

range of DNA values. They therefore concluded that the DNA 

values could best be explained as a reflection of longitu

dinal increase in DNA content and not a lateral increase as 

proposed by a polyneme theory. 

From the present study, it can be seen in Table 10 

that the ratio of unique sequence in D genome as compared to 

the A and C genome is approximately a 1:1 ratio. The same 

ratios for the repetitive sequences are 1:3 and 1:3.4 re

spectively. Since by definition, the polyneme state re

quires whole strand doubling, and this research indicates 

that the differences in DNA content are due largely to dif

ferences in repetitive sequences and not an increase in 

unique sequences, then our results suggest that the polyneme 

theory for chromosomes structure is not a likely explanation 

for differences in chromosome size in Gossypium. 
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Summary 

In summary, studies comparing DNA and histone con

tent to chromosome size have shown that the difference in 

chromosome size among the various genomes of Gossypium is 

due to the amount of DNA present in these chromosomes. In 

the present study, the rate of reassociation of denatured 

DNA of representative species from four of the different 

genomes was compared. The results indicate that this dif

ference in chromosome size and DNA content is probably due 

to the amount of repetitive DNA found in the various spe

cies. With this information, it can be concluded that the 

Gossypium chromosome probably has a uninemic basic structure 

with longitudinal increases in DNA accounting for the in

crease in DNA content. 
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