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ABSTRACT 

DNA repair in Gossypium barbadense L. cotyledonaxy tissue was 

examined in vivo during early germination. DNA strand breaks were in

itiated by applying ethyl methanesulfonate (EMS) during seed imbibition. 

Strand rejoining was monitored through a period of EMS induced DNS 

synthesis by means of velocity sedimentation analysis. There was an 

absence of DNA molecular weight increase as disclosed by the sedimenta

tion profiles. It is presumed velocity sedimentation evaluation was 

insensitive for detecting _in vivo restoration of cotyledonous DNA 

strand breaks. The altered DNA synthesis response perceived within 

treated seedling cotyledons perhaps reflects, but does not establish 

the operation of a cellular mutagenic repair system. 

EMS induced morphological mutant cotton plants arising during 

the course of this investigation were cytologically identified as 

possessing duplicate-deficient chromosomes. 

ix 



CHAPTER 1 

INTRODUCTION 

Modern definitions of life have included mutability as a func

tional process of living organisms. Such mutational events provide the 

capacity for perpetual change which is a vital part of evolutionary ad

aptation. Abrupt modifications in the genetic material arising spon

taneously or induced experimentally may enhance variability but also 

the genetic load within a population. In as much as random phenotypic 

changes are generally deleterious, it is advantageous that the mutation 

rate attain a homeostatic balance between the deteriorating consequences 

of mutation and the necessity of this incident as an evolutionary proc

ess. It is through genetic death or by restoration of deoxyribonucleic 

acid (DNA) integrity through molecular repair of its' insults that alle

viation of impaired or potentially impaired genotypes ensues. 

Numerous species have been documented as possessing the capacity 

for DNA repair. The restoration of DNA can be highly diverse among dif

ferent species and not all organisms are capable of repairing equivalent 

damage. Permeating all life forms however is the potential to restore 

within tolerable limits injury inflicted upon its fundamental constituent, 

deoxyribonucleic acid. 

The alkylating component, Ethyl methane sulphonate (EMS), is a 

highly effective mutagen and carcinogen. After witnessing the altered 

growth pattern of EMS treated cotton, Janovski et al. (1967) wrote: 

1 
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"The survival of field sown plants indicates substantial "repair" 
from the damage observed in early stages. This repair is also 
visualized as a nearly normal growth of the green parts as well 
as the roots of the surviving cotton plants measured 1 to 2 
months after germination." 

Cotyledon tissue, which in certain seeds may comprise up to 

95% of the decoated embryo dry weight, exhibits a very dynamic meta

bolic state during the initial phases of germination (Beevers and 

Splittstoesser, 1968). In many cases the normal functioning of this 

organ and the mobilization of its' reserves is accompanied by de novo 

synthesis of proteins (Young and Varner, 1959; Kern and Chrispeels, 

1978), ribosomes (Payne and Boulter, 1969), hormones (Swain and Dekker, 

1969), and phospholipids (Gilkes, Herman and Chrispeels, 1979). It is 

apparent the developmental sequence of germination is partly determined 

by the diverse role of cotyledonous tissue as a respository for reserve 

material and the originator of essential metabolites during this period. 

Injury to cotton cotyledon DNA subsequent to EMS treatment is 

inevitable. The magnitude of damage is contingent on various intrinsic 

and extrinsic elements. This investigation was designed to ascertain 

whether recovery of cotyledon DNA damage in cotton inflicted by EMS is 

a prerequisite for normal seedling development. Is the deterioration 

in the fidelity of growth, reflected during the early periods of germi

nation, and its subsequent visual "repair" coupled with cotyledon DNA 

injury and its eventual restoration? 

The application of cotyledons as an ill vivo test system for the 

documentation of DNA repair presents several advantages. The absence 

of DNA replication in cotyledons has been reported for dark germinated 
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cotton (Waters and Dure, 1966). Cellular division and the ensuing en-

doreduplication are completed during embryogenesis (Walbot and Dure, 

1976; Ihle and Dure, 1972). This feature of cotyledonous tissue during 

early germination aids in DNA molecular weight stability which is of 

importance in the interpretation of velocity sedimentation profiles. 

The potential restoration of chromosome breaks in tissue deficient in 

DNA replication also allows inference to the exclusive presence of ex

cision repair. Since cotyledons comprise most of the tissue in germi

nating dicots, this highly polyploid organ encompasses the majority of 

DNA within immature seedlings. 

Additional objectives of this research included the evaluation 

of several traits within a field matured M2 population and the indi

vidual characterization of morphologically deviant cotton plants per

petuated through EMS application. 



GENERAL REVIEW OF LITERATURE 

Molecular Consequences of EMS 

Alkylating agents are electrophilic species capable of assoc

iating with deoxyribonucleic acid (DNA) and other cellular components. 

A pertinent feature contributing to the molecular consequences of 

alkylating agents is the number of functional units per molecule. 

Mono, bi, and trifunctional compounds exist. 

Through numerous investigations information on the sites of at

tachment by various monofunctional alkylating reagents to DNA bases has 

accumulated. These susceptible sites within the DNA are illustrated in 

Figure 1, and includes the N-l, N-3 and N-7 positions in adenine, the 

N-3 and 0-4 sites in thymine, the N-3, N-7 and 0-6 sites in guanine and 

in cytosine the N-l, N-3 and 0-2 positions. 

To ascertain the reaction products generated when DNA is sub

jected to alkylation with the monofunctional agent methyl methanesul-

fonate (MMS) a detailed experiment was initiated by Lawley and Brooks 

(1963). The major reaction site of alkylation was disclosed to be the 

seventh nitrogen of the guanine nucleotide. The generated 7-alkyl 

deoxyguanosine accounted for 86% of the relative yield of the products 

recovered from methylation of the nucleic acid in salmon sperm. Minor 

nucleophilic sites included the N-3 position of adenine, the N-l site 

of cytosine and the N-l position of adenine. The most abundant minor 

reaction product, 3-methyl adenine varied in quantity from 9% in salmon 

4 
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Figure 1. The four major nucleotides in DNA and sites of alky-
lation by monofunctional agents. (Arrows specify the 
sites of susceptibility.) 
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sperm DNA to as high as 20% in the deoxyribonucleic acid fraction of 

T-Z phage. 

The ionized phosphate groups of the DNA helix normally involved 

in nucleoprotein binding may be vulnerable to alkylation and ensuing 

helix breakage (R. H. Aese and Freese, 1969). The nucleoprotein com

plex contains additional alkylation septable sites within the chromatin 

fraction (Engle, 1972). 

Carboxyl, amino and sulfhydryl groups in protein are likely 

esterification centers (Ross, 1959; Stacey et al., 1958). When inves

tigating the in^ vivo alkylation products of the bacteria protein com

ponent following MMS treatment, Lawley and Brooks (1968) record the 

event to generate primarily methyl cystein. Three minor products arose 

that was speculated to be 1-methyl histidine, 3-methyl histidine and 

1-3 dimethyl histidine. 

Chemical carcinogens may further exert biomolecular antagonism 

through cellular membrane association (Kubinski and Kasper, 1971). 

The EMS reaction sequence commences when this monofunctional 

compound reacts with a polar substance to overcome a rate determining 

transition state to originate a positive carbonium ion. The carbonium 

ion with its attached alkyl group then indiscriminately associates with 

septable nucleophilic groups. This scheme is indicative of the Sn^ 

reaction mechanism as depicted below: 

+1 + -  + k2 
RX R + X R + Y. ->• RY. 

l k 

Yi = Nucleophilic agent 

R = Electrophilic agent (alkylating component) 
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Reactivity of EMS proceeds principally through first order kinetics 

where the overall rate is dependent on the electrophile and not the 

nature of the nucleophilic agent. 

Under defined conditions the probability of alkylation can be 

assessed in terms of a competition factor (Ogston, 1948). The nature 

of a number of nucleophilic groups and their experimentally derived 

competition designation is presented in Table 1. Each value reflects 

the rate at which a center is alkylated under defined conditions. A 

higher competitive factor infers a greater potential affinity among 

the nucleophile and alkylating component than a lower index. It is 

evident from Table 1 that sulfur containing anions should display 

greater susceptibility to alkylation especially if the reaction pro

ceeds through an Sn£ mechanism, where the character of the nucleophile 

is of paramount importance. No appreciable reaction with the aliphatic 

hydroxyl group in compounds similar to glucose is expected. 

Reagents such as EMS exhibiting considerable Sn^ character can 

potentially affiliate with less nucleophilic centers as found in the 

phosphodiester groups of DNA and the 0^ site in guanine with greater 

intensity than species reacting solely through the Sn£ reactionNroute. 

The magnitude of alkylation is further contingent on the con

centration of the alkylating agent and the dissociation constant of the 

nucleophilic groups. This will dictate the proportion of that group 

which will be in an ionizable reactive form. Electrostatic effects of 

neighboring groups may influence the ionization properties of the nucleo

phile, or sterically hinder reaction sites thereby modifying the degree 

of alkylation. 
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Table 1. Competition factor values of some compounds.* 

Competition 
Substance Factor PH 

Dithiophosphate (PS2O2) 1.3 X 105 

A 
. 7 

Thiophosphate (PSO^) 3.8 X 10 
Jt 

8 

Thiosulphate 2.7 X 10 8 

Serum albumin (per mole) 2.3 X 103 8 

Cysteine ethyl ester 1.7 X 103 7 

Methylamine 3.9 X 102 13 

Dimethylamine 2.6 X 102 13 

Bicarbonate 8.3 X 101 8 

Phosphate 7.5 X 101 8 

a-glycerol phosphate 5.4 X 101 8 

Oxalate 4.1 X 101 7 

Malonate 3.2 X 101 7 

Chloride 2.4 X 101 7 

Ascorbic acid 1.9 X 101 7 

Acetate 1 .0  X 101 7 

Trimethylamine 6.7 7 

Sulfate 4.9 7 

Formate 3.0 7 

Lactate 1.1 7 

Glucose 0 
* 

7 

*From Ogston (1948). 
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The 7-alky1 guanine adduct exerts but a minor influence on DNA 

base stacking and functional DNA integrity (Prakash and Strauss, 1970; 

Cerutt, 1975). This constituent is unstable and is subject to depur-

ination in the physiological pH range (Brooks and Lawley, 1960; Jones 

and Robins, 1963). 

The mechanism for depurination by EMS is illustrated in Figure 

2. Following attachment, the alkyl group at the seventh nitrogen 

position manifests a quaternary nitrogen and an eventual shift in re

sonance and repositioning of the charge on the ninth nitrogen. This 

is proceeded by electrophilic attack on the glycosidic bond and its 

eventual cleavage (Zoltewicz et al., 1970). 

Depurination rates are dependent on temperature, pH and ionic 

strength (Greer and Zamenhof, 1962; Lindahl and Nyberg, 1972). At 

neutral pH and 37°C the half life of 7-methyl guanine is approximately 

150 hours. 

Lindahl and Nyberg (1972) when assessing accumulated data on the 

extent of depurination in Bacillus subtilis, crudely extrapolate that 

mammalian cells may be naturally inflicted with between 2,000 to 10,000 

spontaneous depurination events per generation. 

The depurination site is susceptible to spontaneous chain cleav

age thereby originating a single strand interruption at that position. 

In the absence of apurinic specific endonucleases chain scissoring at 

apurinic sites within the physiological pH range requires from 20 to 100 

hours at 37°C (Lindahl and Ljungquist, 1975). The average lifetime of 

phosphodiester bonds at depurinated sites subjected to alkaline 
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1 

w 

c2H5~°~?~OCH3 

(EMS) 

Figure 2. The mechanism of alkylation of guanine by ethyl methan-
esulphonate (EMS) and subsequent depurination. 



.conditions, 0.4 M NaOH, and an elevated temperature, 37°C, is approxi

mately 15 minutes (Paquette, Crine and Verly, 1972). 

Degradation of herring sperm apurinic acid subjected to alka

line conditions proceeds primarily by Beta elimination with a small 

percentage following a simultaneous cyclization and Beta elimination 

route (Figure 3) (Bayley, Brammer and Jones, 1961). 

The sugar moiety establishes an equilibrium between the fura-

nose and open form which possesses a free aldehyde group. This under

goes either Beta elimination or 4', 5' or 3', 4' cyclization. The 

cyclisation product may next undergo arrangement to dispose of the 

inorganic phosphate. 

Genetic and Physiological 
Effects of Alkylation 

Preceeding depurination alkylated guanine may effect pairing 

errors during replication or transcription. Ethylated guanine ionizes 

differently than normal guanine since it is deficient in an ionizable 

hydrogen atom at the nitrogen. Consequently the alkylated base can 

hydrogen bind to thymine (Figure 4). Providing the alkylated moiety 

remains intact during replication or transcription, a transition type 

base change may arise (Figure 5). This event may have biological 

ramifications depending on the position within the genome this point 

mutation occurs. 

Electrophilic attack on DNA oxygen atoms has been speculated to 

eventuate sterility and other mutational events in barley (Ehrenberg et 

al., 1966; Osterman-Golkar et al., 1970). The occurrence of 0^ 
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Figure 3. The mechanism of polynucleotide chain cleavaging 
following depurination. 
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guanine. 
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I 
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/ 
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Figure 5. The origin of a transition type point 
mutation following the alkylation of guanine 
and ensuing DNA replication. 



alkyguanine may originate base pairing errors when used as a template 

for RNA polymerase (Gerchman and Ludlum, 1973). The moiety, unable to 

pair normally with cytosine or S-methyl cytosine, simulates edenine in 

its hydrogen bonding characteristics and preferentially binds to thy

mine. This potential miscoding may evoke alkylation induced carcino

genesis (Loveless, 1969; Lawley and Martin, 1975). Recent work 

suggests the removal of 0^ methyl guanine in DNA as a possible protec

tive mechanism against carcinogenicity (Magee et al., 1975; Margison 

and Kleihues, 1975). 

A possible association between seedling lethality and alkyla

tion of cystein esters has been suggested (Ehrenberg et al., 1966; 

Osterman et al., 1970). From comparable ratios recorded between MMS 

and EMS for in vitro alkylation of the thiosulfide ion and for the con

centration of each compound inflicting 50% lethality, it was hypothes

ized that protein alkylation may be the major contributing element to 

seedling death in barley. Founded on nucleophilic capacity considera

tion, it was further speculated for each 100 EMS protein alkylations 

in barley, 1.5 DNA alkylations should prevail. In contrast, Lawley 

and Brookes (1968) empirically recorded a slightly higher reactivity of 

MMS for RNA and DNA than for the protein fraction in bacteria. 

The magnitude of alkylation of cellular constituents will vary 

in accordance to the reagent employed and species being investigated. 
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Restoration of DNA Impairment 

Excision Repair 

Current Contents cataloguing the most active scientific areas 

researched for 1978 founded on the number of cited articles in each 

field, ranked deficient DNA repair in carcinogenicity twenty first and 

DNA repair and mutagenesis ninty first out of 100 areas listed (Garfield, 

1978). Investigations into the area of DNA repair in higher plants , 

however, has been pursued on a limited scale (Veleminsky and Gichner, 

1978). 

Various organisms examined have revealed their capability to 

repair single and double strand DNA interruptions resulting from expos

ure to ionizing radiation or chemomutagens (Setlow and Setlow, 1972; 

Veleminsky and Gichner, 1978). Studies on cell and tissue lines have 

substantiated that the ability to remove and rectify DNA afflictions is 

in many instances inversely related to its susceptability to a given 

carcinogen. Mutant bacterial lines have been isolated which are highly 

radiosensitive due to the absence of a normally functioning repair sys

tem (Kaplan, 1966). 

It has been suggested that classes of chromosomal lessions 

possessing common structural features are alleviated by common repair 

pathways. Monofunctional agents and X rays may eventuate single strand 

breaks. Ultraviolet light and difunctional agents may introduce cross 

linking of the DNA helix. In each instance, the similar type of damage 

may be recognized by analogous repair mechanisms. Mutants of 

Escherichia coli exist which display simultaneous sensitivity to 
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alkylating agents, UV and gamma rays, thereby inferring at least a 

common step in their repair sequence (Flanders and Boyce, 1966; Gross 

and Gross, 1969). 

A structural classification of DNA damage has been proposed by 

Cerutti (1975) and is composed of three major categories. 

(1) Monofunctional lesions causing negligible helix distortion. 

(2) Monofunctional lesions causing minor helix distortion. 

(3) Lesions causing major helix distortion. 

The 7-alkyl guanine lession is classified in the first category. 

Base stacking properties are not altered and DNA functional integrity 

is not impaired by its presence (Prakash and Strauss, 1970; Lawley and 

Orr, 1970). In most instances the moiety is neglected by repair 

enzymes. 

A unique difference between the repair of alkylated and irra

diated DNA involves the initial excision step of the DNA lession. The 

subsequent restoration of both types of damage may then proceed along 

very similar paths. 

Excision DNA repair is accomplished through the sequential ac

tion of an endonuclease, an exonuclease, a polymerase and a ligase. 

MMS sensitive mutants prevail in bacteria which are defective in several 

of these components (Lucia and Cairns, 1969; Ljungquist and Lindahl, 

1976). At the present it is the consensus of opinion that repair of 

alkylated DNA commences when a specific endonuclease distinguishes the 

apurinic site following the depurination event. In both rat liver and 

calf thymus tissue, endonucleases which specifically hydrolyze 
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phosphodiester bonds near apurinic sites have no activity on normal DNA 

or strands with alkylated regions (Verly and Paquette, 1973; Ljungquist 

and Lindhal, 1974). In contrast, a Euglena gracilis mutant has been 

isolated which appears to enzymically cleave 7-methyl guanine (Olson 

and McCalla, 1969). 

During the excision processes, the phosphodiester bond near the 

impairment is fractured by the endonuclease and a small segment of oli

gonucleotides up to 20 nucleotides in length is removed. This short 

type of repair is characteristic for ionizing radiation and the chemo-

mutagens EMS and MMS (Regan and Setlow, 1974). A second excision stage 

may eventuate thereby enlarging the gap. Lengthy gap repair, where the 

magnitude of base excision exceeds 100 nucleotides, is preferentially 

associated with DNA exposure to ultraviolet light or intercalating 

reagents (Regan and Setlow, 1974). Following unscheduled DNA synthesis 

a polynucleotide ligase joins the synthesized DNA fragment to the resi

dual strand. 

The repair of cross linked DNA strands originated by difunc-

tional reagents may proceed by originally confining the excision to a 

single strand then later to the second half of the lession. Alterna

tively, it may eventuate through simultaneous cleavage of the carcino

gen accompanied by double strand break repair. Despite studies on 

murine lymphoma cells (Lehmann and Ormerod, 1970), Bacteriophage lambda 

(Boye and Krisch, 1980), and mouse L cells (Horikawa et al., 1970) which 

have implied the capacity for rejoining double helix breaks were de

ficient in these organisms, other research has documented the presence 
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of such restoration (Bradlay and Kohn, 1979; Brewer, 1979). A probable 

explanation for these contrasting observations lies in the methodology 

being employed to detect such repair. 

It is speculated that the excision repair schemes in plants 

parallel those found in other species, being unique in the actual com

ponents and kinetics involved. There is evidence to suggest specific 

apurinic endonucleases apart from the nucleo-cytoplasm reside in the 

chloroplast CThibodeau and Verly, 1976). Purified endonucleases poss

essing specific activity have been isolated from Phaseolus multiflorous 

(Thibodeau and Verly, 1977), Blue alga, (Anacystis nudulans), (Thibodeau 

and Verly, 1976) and barley (Veleminsky, Svachulova and Satava, 1977). 

The endonuclease from Phaseolus multiflorus was characterized as having 

a molecular weight of approximately 40,000, a pH optimum between 7.5-

8.0, a temperature optimum of 40°C and exhibited enhanced activity when 

in the presence of magnesium or manganese ions. 

Repair replication, subsequent to treatment with EMS in 

Escherichia coli is dependent on protein synthesis which is postulated 

to originate critical protein components required for excision repair 

(Braek and Smith-Kielland, 1974). Protein and RNA inhibition studies in 

Letrahymena pyriformis, however, has supported the supposition that re

pair enzymes may be constitutive in nature (Chiu and Oleinick, 1980; 

Humphrey, Stewart and Sedita, 1968). 

It has been reported that the ability of cells to reunite single 

strand breaks may be more effective during specific cell cycle phases 

(Lohman, 1968). Modifications in the conformation of DNA and its 



adhering tracts of nucleoprotein may allow inacessible sites to become 

available to the activity of endogenous repair enzymes (Wilkins and 

Hart, 1974). Yamaguchi et al. (1976) record an interrelationship be

tween the incorporation of nucleotides by DNA polymerase one and the 

magnitude of chromatin diffusion in barley. It is hypothesized the 3'-

OH priming sites becomes more assessible to polymerase action as the 

conformation of the chromatin fibers changes, maximizing in the middle 

and late parts of stage. 

Mammalian and bacterial cells exhibit the capability to rejoin 

a majority of breaks shortly following irradiation (Dean et al., 1969; 

Humphrey et al., 1968; Lett et al., 1967; Kaplan, 1966). Isolated wild 

carrot protoplasts repair 50% of helix breakage induced by gamma irra

diation within five minutes after treatment and essentially all by one 

hour (Howland, Hart and Yette, 1975). Repair components in irradiated 

barley embryo appear to correct a majority of strand breaks within two 

hours following the initiation of germination (Pano and Yamaguchi, 1977). 

Generally, repair of DNA in vivo tends to be extended over a longer 

duration than cells analyzed in culture (Cox et al., 1973). In view of 

the cellular residual effect of chemomutagens and the calculated hydro

lysis rates of 7-alkyl guanine, one would anticipate repair of alkylated 

DNA to be dispensed over an ample time interval. Investigations of 

strand breaks generated in vivo within rat liver tissue revealed that 

damage inflected by MMS and discernable through velocity sedimentation 

within four hours following treatment was corrected only after 48 hours 

(Damjanov et al., 1973). Repair of chromosomal injury originated by 
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other carcinogens such as DMN (Dimethyl Nitrosamine) and MAM (Methyla-

zoxymethanol Acetate) was not complete up to 14 days. Recovery of 

barley DNA single strand breaks, from exposure to an array of alkylating 

agents arises only after prolonged seed storage under defined conditions 

(Veleminsky, Zadrazil and Gichner, 1972; Gichner, Veleminsky and 

Pokorny, 1977; Veleminsky et al., 1973b). 

Post Replication Repair 

An alternative mechanism to excision repair involved in the re

covery of DNA helical damage is post replication repair. In this repair 

scheme the removal of DNA lessions is not a prerequisite for effective 

DNA duplication. 

During DNA synthesis the replication fork may become delayed at 

the lession site. Both unexcised pyrimidine dimers and MMS damage may 

obstruct the replication growing points (Fujiwara, 1972; Scudiero and 

Strauss, 1974) . DNA replication may next commence downstrand about 1000 

nucleotides after passing over this lessonous containing area. Gaps are 

eventuated in the newly synthesized daughter strand opposite the damage 

on the residual strand. The discontinuity in the strand is corrected 

for over time by de novo DNA synthesis. Newly synthesized DNA exhibit

ing a low molecular weight eventually attains a normal dimension with 

the completion of the sealing process. 

Caffeine inhibits this gap filling process in many (Cleaver and 

Thomas, 1969; Fujiwara and Kondo, 1972; Veleminsky, Gichner and Pokorny, 

1972; Fujiwara and Tatsumi, 1976) but not in all species (Buhl and 

Regan, 1974; Fujiwara and Tatsumi, 1976) researched to date. It is 
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speculated that caffeine competes for the gap site thereby sterically 

inhibiting the activity of repair sealing enzymes (Lehmann et al., 

1975). 

Post replication repair eventuates in barley embryos recover

ing from damage sustained from the compound N-Methyl-N-Nitrosourea' 

(MNU) (Veleminsky et al., 1980). Small DNA pieces originally formed 

after 18 hours of post treatment incubation were transformed into 

normal sized DNA strands. The ratio of double stranded DNA to single 

strand during incubation increased sixfold. 

Current models hypothesizing the steps involved for post repli

cation repair are depicted in Figures 6 and 7 (Fujiwara and Tatsumi, 

1976; Roberts, 1978). When imperfections in the gap sealing system are 

realized (error prone) the occasional insertion of incorrect bases into 

the daughter strand may effect point mutations (Roberts, 1978). An 

oversaturation of the repair system may originate unrepaired strand 

discontinuity and consequential chromosome deletion, encompassing a 

loss of genetic information. 

Detecting Molecular Repair Through 
Velocity Sedimentation 

J. IVillard Gibbs of Yale University once remarked: 

"One of the principle objectives of theoretical research is to 
find the point of view from which the subject appears in its 
greatest simplicity." 

Despite a precise knowledge on the internal components and 

specific steps involved in restoration of chromosome breaks, an assess

ment of DNA molecular weight change through elementary sedimentation 
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velocity analysis would appear to have merit in substantiating the 

presence and activity of such complex repair schemes. A shift in 

normal DNA molecular weight distribution to a lighter size subsequent 

to radiation or chemomutagen application would imply the induction of 

chromosome breaks. A corresponding shift back to the original DNA 

size over time would infer the restoration of DNA weight integrity. 

In many instances this methodology has offered a simplistic yet valid 

overview of the repair process. In other cases the protocol has been 

revealed empirically to possess certain shortcomings. 

The extent of DNA denaturation may contribute to anomalous 

sedimentation rates in alkaline sucrose gradients. Under certain con

ditions, the incompletely denatured DNA displays the properties of a 

fast sedimenting molecule (McBurney, Graham and Whitmore, 1971). It 

is assumed unwinding of DNA strands commences from the end of the 

molecules driven by the increase of entropy on unwinding (Longuet-

Higgins and Zimm, 1960). Complete strand separation with dissociation 

of adhering protein and RNA is achieved only after an appropriate dura

tion under alkaline conditions (Moroson and Furlan, 1970). When vary

ing several extrinsic factors contributing to the rate of DNA unwinding, 

it was determined by Rydberg (1975) that optimal separation rates oc

curred at pH 12.0, high ionic strength (I = 0.98) and room temperature. 

The overall process was accelerated when the DNA was subjected to a 

small dosage of ionizing radiation causing minor fragmentation of the 

molecule. Protein and lipid free DNA may exhibit incomplete denatura

tion even upon exposure to 0.5 M sodium hydroxide at 4°C for 16 hours 
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(McBurney, Graham and Whitmore, 1972). Similarly, when employing elec

tron microscopy, Simpson et al. (1973) observed the persistence of 

double stranded DNA under moderate denaturation conditions. 

Extended holding times in alkali, may however, lead to DNA 

degradation through hydrolysis (Lett, Klucis and Sun, 1970; Lett and 

Sun, 1970). 

Overall denaturation rates are also a function of the internal 

and intracellular organization of DNA (Simpson et al., 1973) as denoted 

by the following: 

A) The existence of large linear duplex molecules requiring 

appropriate time to unwind. 

B) Interwoven nucleoproteins or RNA fractions which must dis

sociate before complete denaturation is realized. 

C) Attachment of the DNA to the nuclear envelope, which occurs 

in cotton, (Clay, Katterman and Bartels, 1975), and may im-

pead the rate of denaturation. 

DNA may complex with lipid components or aggregate to manifest 

a slowly sedimenting constituent during sedimentation analysis 

(Matsudaira and Nakagawa, 1969; Horikawa et al., 1970; Simpson et al., 

1973). In another instance, alteration in the tertiary configuration 

of the E_. coli genome was established to have a substantial affect on 

its sedimentation rate despite a constant molecular weight (Stonington 

and Pettijohn, 1971). 

An acute DNA molecular weight distribution may infer molecular 

weight homogeneity (Damjanov et al., 1973), physical interaction between 
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the sedimenting molecules arid the walls of the tube (Burgi and Hershey, 

1963; Terashima and Tsuboi, 1969), or aggregation (Moroson and Furlan, 

1970). Sedimentation profiles may exhibit accessory peaks in addition 

to the main DNA distribution (Terasima, Yasukawa and Umezawa, 1970) or 

a bimodial DNA distribution (Moroson and Furlan, 1970). 

In certain protocol reproduciable sedimentation patterns are es

tablished only when a specific quantity of DNA within a narrow concentra

tion range is employed (El-Metainy et al., 1971; Cox et al., 1973). In 

other studies there occurs a tolerable DNA concentration limit (Veatch 

and Okada, 1969) . 

It is apparent DNA sedimentation rates and their reproducibil

ity becomes exceedingly dependent upon prevailing experimental condi

tions. In regards to velocity sedimentation, Simpson et al. (1973) 

has cautioned in the interpretation of changes in the molecular weight 

of DNA based solely on the analysis of sedimentation profiles. 

McGrath and Williams (1966) pioneered the technique of lysing 

cells directly on top of gradients thereby avoiding shearing degrada

tion from shaking, pipetting and stirring inherent when isolating DNA. 

Fragments of Escherichia coli DNA one-sixth of the strand length be

lieved to exist for this organism were obtained. 

This methodology has been adapted for isolated plant nuclei 

(El-Metainy et al., 1971) and protoplasts (Howland, Hart and Yette, 

1975) for documentation of in vivo repair of chromosome strand breaks. 

Lysing conditions and sedimentation procedure will vary in accordance 

to the preference of the researcher (Humphrey, Stewart and Sedita, 
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1968; Moroson and Furlan, 1970; Matsudaira and Furuno, 1972; McBurney, 

Graham and Whitmore, 1972). The sensitivity of this procedure is re

flected in experiments where marked changes in sedimentation rates 

occurred at chemomutagen concentrations which allowed essentially 

100% survival (Fox and Fox, 1969). 

The Marmur procedure (1961) or modifications of it may be im-

6 7 
plemented to recover isolated DNA in the range of 10 to 10 daltons. 

In conjunction with the appropriate protocol this molecular size has 

proved ample for the detection of in vivo repair processes (Veleminsky 

et al., 1973a; Veleminsky et al., 1973b; Veleminsky et al., 1977; 

Soyfer et al., 1977). 

Following a sufficient centrifugation period the DNA profile 

within the gradient is detected through scintillation counting of the 

previously labeled DNA, ultraviolet absorption or diphenylamine evalua

tion of the individually collected fractions. 

Mutation Efficiency in Plants 

By monitoring the dosage of mutagen employed against the sen

sitivity of the biological material being investigated a concentration 

range can be approximated which may best maximize the number of muta

tional events. 

The efficiency of mutagenicity may be defined as the number of 

factor mutations per amount of biological damage. This will be highest 

when biological impairment is minimized thereby allowing for a high con

centration of applied mutagen (Gual and Frimmel, 1972). Optimal yields 

for EMS induced mutations in agronomical crops has been generalized to 
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arise when a given treatment induces a growth reduction from 30 to 40 

percent. Maximal mutation rates in cotton for neutrons and gamma rays 

occur when the dosage is sufficiently above the threshold required to 

reduce growth performance by 50 percent (Constantin, 1967). 

Numerous constituents can modify the effective quantity of 

mutagen needed to optimize mutation rates. Some contributing factors 

include the physiological state of the material when mutagenized 

(Mikaelsen, 1969), genotypic sensitivity (Stoilov et al., 1966; 

Borojevic and Borojevic, 1968; Ashri and Herzog, 1972), longevity of 

the mutagen within the biological system (Osterman-Golkar Ehrenberg 

and Wachtmeister, 1970), and chemical and physical characteristics of 

the mutagen in vivo (Osterman-Kolkar Ehrenberg and Wachtmeister, 1970). 

In self pollinated plants, such as barley and rice, small 

chimera sectors generating mutants usually are expressed in the gen

eration (one generation removed from the initial generation of treat

ment) . In polyploids were duplicate factors may potentially mask the 

expressability of a mutational event, evaluation of the M^ and later 

generations is warranted. 

Mutation frequency may be expressed by recording the pheno-

typic spectrum of chlorophyl or morphological mutants, the degree of 

fertility reduction or the frequency of chromosome aberations in the M^ 

or segregating generations. 



MATERIALS AND METHODS 

Seed Mutagenizing Procedure 

The variety Pima cotton Gossypium barbadense L. was used in 

this study. Fifty seeds were placed within small plastic petri dishes. 

Fresh unbuffered EMS solutions were prepared in concentrations of 0.05, 

0.10, 0.15 and 0.20 M. The pH of these solutions were 7.2, 6.9, 6.6, 

and 6.2 respectively. These EMS concentrations were additionally pre

pared in 0.13 M. Sorenson's phosphate buffer pH 7.0 (Sorber, 1968) with 

5% DMSO. 

Two milliliters of either the unbuffered or buffered EMS solu

tions were added to each petri dish containing the fifty seeds. The 

concentrations analyzed corresponded to 0.25, 0.50, 0.75 and 1.00 

milligram of EMS per cotton seed. The seeds were mixed intermittently 

for 40 minutes, then placed 80 to 95 minutes in the dark at room tem

perature. The imbibing period is critical. When seeds are allowed to 

dry completely, viability and growth were substantially impaired. This 

discovery has been previously reported (Froese-Gertzen et al., 1964). 

Seeds were recovered then placed in rolled germination sheets in the 

dark at 34°C and grown for the appropriate time period of the investi

gation. 

30 
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In Vitro Alkylation of DNA 

Cotton seedling DNA was extracted according to the procedure of 

Katterman (Dr. F. R. H. Katterman, Department of Plant Sciences, 

University of Arizona). 

DNA was extracted from dark grown cotton seedlings germinated 

at 33°C for twenty four hours. One hundred and fifty seedlings were 

frozen in liquid ̂  and homogenized with a mortar and pestle. Next, 

100 milliliters of grinding solution (1.0 M dextrose, 0.1 M citric 

acid and 5% Triton X-100, pH 5.0) were added and grinding was continued 

for 10 minutes at 5°C in the presence of sand. The resulting homogenate 

was squeezed through 6 layers of cheesecloth and the remaining plant 

debris was re-extracted by grinding and refilling two additional times. 

The pooled filtrate was centrifuged at 3000 RPM at 3°C for 10 minutes. 

The pellet containing nuclei was further purified by resuspending and 

centrifuging 4 times with 180 ml of grinding buffer then 4 times with 

glucose-citrate solution (0.05 M citric acid and 0.5 M glucose, pH 5.0) 

to eliminate the detergent. After the final centrifugation the pale 

white creamy upper layer of the pellet was removed and resuspended over

night at 2°C in the glucose-citrate solution. All centrifugation in the 

extraction were with a Sorval RC2-B rotor at 3 to 5°C and all washings 

were completed without interruption with fresh extracting solutions. 

Following centrifugation at 4000 RPM at 3°C the nuclei pellet 

was lysed by the addition of a 1% sodium dodecyl sulfate (SDS) solution 

(1% SDS, 0.14 M sodium chloride and 0,1 H ethylenediamine tetracetic 

acid, pH 8.3). At the conclusion of a ten minute incubation period at 
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60°C the resulting mixture was centrifuged at 8,000 RPM for one minute 

and the supernatant recovered. The nuclear pellet was subjected to the 

lysing steps described two additional times. Two volumns of distilled 

ethanol was added to the combined lysates and the mixture centrifuged 

at 7,000 RPM for 10 minutes. 

The resulting nuclear pellet was dissolved in 0.1 X SSC (0.015 

M sodium chloride, 0.0015 M sodium citrate) then made 1.0 M with respect 

to sodium chloride. 

The DNA solution was next shaken at least five times with an 

equal volume of distilled chloroform containing 1% octanol, then pre

cipitated by the addition of 2 volumes of ethanol. The preparation was 

stored at minus 20°C overnight ensuring complete precipitation. 

The precipitated DNA fibers were centrifuged at 7,000 RPM for 

10 minutes then redissolved in 0.1 X SSC. 

The spectral ratio of 260/280 was noted for an indication of 

the completeness of the deprotanation steps. When this ratio fell be

low 2.00 an additional chloroform shake was administered. 

Carbohydrate and RNA impurities were eliminated from the DNA 

fraction through column hydroxyapatite fractionation (Geever, 1980). 

The DNA was recovered from the phosphate buffer elutant by spinning at 

36,000 RPM for 18 hours. A clear DNA pellet resulted which was dis

solved in 0.1 X SSC. A high spectral ratio for 260/230 often arose with 

values over 2.20 not uncommon. The DNA solution was frozen at minus 

20°C for later usage. 

Low but consistant yields for DNA was obtained for the isolation 

procedure described. 
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A preliminary in vitro experiment was conducted to visually 

assess the presence of minor alkylation products when purified cotton 

DNA is subjected to EMS. Purified cotton DNA was alkylated with EMS 

as described by Engle (1972) with slight modifications. All glassware 

utilized within the analysis were Silicladed. Three hundred micro

grams of DNA was incubated with 150 micromoles of ethylmethane sul

fonate (EMS) dissolved in 0.067 M, Sorenson's phosphate buffer, pH 8.0 

(Sorber, 1968). The amount of EMS applied represents on a mole to mole 

basis with guanine a three fold excess (Ergle and Katterman, 1961). 

The solution was incubated at 39°C for 8 hours with periodic aggitation. 

The incubation was terminated by precipitating the DNA with two 

volumes of cold ethanol followed by centrifugation at 7,000 RPM for ten 

minutes. The DNA was next dissolved in 0.1 X SSC. This wash step was 

repeated two additional times to insure removal of unreacted EMS. The 

washings were pooled and evaporated to a small volume overnight within 

a waterbath set at 60°C. 

DNA hydrolysis was accomplished with 0.1 M HCL at 100°C for one 

hour. Following neutralization, the hydrolyzed DNA supernatant along 

with the combined washes were submitted to descending paper chromato

graphy. The developing solvent consisted of methanol, water 75:25 V/V. 

Samples and standards were applied to prewashed Whatman number one 

filter paper. Although the concentrations of the applied nucleic acids 

was not calculated, each was spotted heavily at the origin in an amount 

that did not appear to exceed the threshold for adequate resolving 

capabilities. Chromatograms were viewed after development under ultra

violet light. 
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In Vivo DNA Alkylation 

The following procedure is essentially that of Clay et al. 

(1977). Cotton seeds were placed in a small beaker with tritiated EMS 

(8.33 pM/8.33 pC^ per seed) and imbibed for two hours. The seeds were 

germinated in the dark at 33°C in germination paper and selected at 

designated times from three to twenty six hours for analysis. 

Seed lots composed of twelve seedlings were ground with a mor

tar and pestle then defatted with chloroform-methanol (2:1 V/V) for 

three hours. The tissue was next washed thoroughly with acetone in a 

Buchner funnel. 

The tissue was air dried, then to break the surface tension 

moistened adequately with an ethanol-water solution (1:1 V/V). The 

tissue was resuspended in 10 ml of 0.1 N sodium hydroxide and incubated 

at 33°C for sixteen hours to hydrolyze RNA to acid-soluble nucleotides. 

The conditions of alkaline digestion were reduced from the convention

ally employed 0.5 M sodium hydroxide concentration in an attempt to 

minimize the extent of depurination of 7-ethyl guanine. 

The sample was chilled for fifteen minutes to 3°C and acidified 

with 0.40 milliliters of cold concentrated (9.5 M) perchloric acid to 

precipitate the DNA and affiliated proteins while leaving the RNA frac

tion in solution. Five drops of cold 1.0 M magnesium chloride was 

added followed by one volume of cold 95% ethanol. Each tube was shaken 

and next chilled at 3°C for at least forty five minutes. The extracts 

were centrifuged at 6,000 RPM within a sorval RC2-B centrifuge. The 

supernatant was discarded and the remaining pellet washed three times 
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with an excess of cold 0.1 M perchloric acid to remove non DNA labeled 

nucleotide contamination. To avoid DNA hydrolysis it was necessary to 

keep all steps of the wash cold. Ten milliliters of 0.3 M perchloric 

acid was added, the tubes were capped and placed in boiling water for 

twelve minutes to hydrolyze the DNA to nucleotides. After cooling, the 

nucleotide solution was clarified by centrifugation at 7,000 RPM for 

twelve minutes. The solution was additionally passed through a 

Millipore filter membrane (type HA, .45 ym) under vaccuum to eliminate 

fine particulate debris. 

The DNA concentration was estimated from the absorbancv at 

260 nm CEigner and Doty, 1958). Radioactivity was monitored using a 

Beckman LS 8,000 scintillation counter with Beckman filter solv as the 

scintillation flour. All counts were corrected for quench and machine 

counting efficiency, and are presented in disintegration per minute. 

Assay of DNA Synthesis in Cotyledons 

Fifty seeds were imbibed with radioactive thymidine (1 yC^ 

per seed) for two hours, then germinate at 34°C in the dark. At 

designated time periods the seeds were collected, dehulled and the 

cotyledons separated from the embryo axis. Both tissues were stored 

at minus 70°C until their evaluation could be initiated. 

The following DNA extraction method is one developed by Dr. 

Frank Katterman (Dr. F. R, H. Katterman, Department of Plant Sciences, 

University of Arizona). Cotyledon tissue was ground in a mortar with 

a cold buffer solution composed of 0.5 M sucrose, 0.05 M tris, 0.025 M 

KCL, 0.01 M CaCl^ and 0.005 M mercaptoethanol adjusted to pH 8.2. The 



homogenate was filtered through four layers of miracloth and centri-

fuged for fifteen minutes at 4,000 RPM in a sorval RC2-B rotor. The 

pellet was resuspended in the grinding medium and again centrifuged. 

To solubilize the chloroplasts, the nuclear-chloroplast pellet was 

washed four times with grinding buffer containing 3.5% Triton X-100. 

The nuclear pellet was suspended in a saline-EDTA solution 

(0.15 M sodium chloride and 0.1 H ethylenediamine tetracetic acid pH 

8.0) to which sodium dodecyl sulfate was added to make a 2% solution. 

The mixture was incubated at 25°C for twenty minutes to lyse the nuclei 

Sodium perchlorate was added to a final concentration of one 

molar and the solution was shaken for thirty minutes with chloroform-

octanol at 3°C, followed by centrifugation at 6,000 RPM for ten minutes 

The aqueous supernatant was collected and two volumes of cold 

95% ethanol was added to precipitate the DNA. Following overnight 

storage to ensure thorough precipitation, the nuclear fraction was 

centrifuged and the pellet dissolved in fifteen millileters of .10 X 

55C. The DNA solution was deproteinized three times with chloroform-

octanol until the interface was clear. The DNA was precipitated by 

adding two volumes of cold ethanol, and the eventuating pellet after 

centrifugation was dissolved first in nine millileters of 0.1 X SSC 

then one milliliter of 10 X SSC was added to make a final concentration 

of 1.0 X SSC. 

The solution was incubated with ribonuclease at a concentration 

of 40 ug per milliliter at 37°C for sixty minutes. The solution was 

shaken with chloroform-octanol three times. The DNA in the aqueous 
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solution was precipitated with two volumes of ethanol for sixty minu-

o 
tes at minus 20 C. 

Following centrifugation, the DNA pellet was dissolved in nine 

millileters of 0.1 X SSC then one milliliter of 3.0 M sodium acetate 

with 0.001 M EDTA pH 7.0 was added. 

The DNA was selectively precipitated by adding 0.54 volume of 

isopropanol, one drop at a time. The solution was allowed to set at 

room temperature for 30 minutes. 

The preparation was spun at 6,000 RPM for ten minutes and the 

resulting precipitate washed with 70% ethanol two times. 

The DNA was dissolved in 0.1 X SSC. An aliquot was used for 

scintillation counting. The data were corrected for quench and machine 

counting efficiency and are expressed in disintegrations per minute 

(DPM). 

The DNA concentrations was assessed using diphenylamine (Burton, 

1956) . 

The DNA synthesizing activity of the lateral axis from six to 

thirty hours of germination was assayed employing the procedure 

described by Clay et al. (1977). 

Phosphorylated Thymidine Pool Analysis 

Control and EMS treated seed lots (1 mg/seed) were imbibed with 

3 
( H) thymidine (2 yC^/seed) then harvested ac three four hour intervals 

during the first twelve hours of germination. The free nucleotide pool 

was assessed in accordance to Humphreys (1973) with a slight modifica

tion. To facilitate the removal of cellular debris, the crude 
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supernatant was passed through cheesecloth, then spun at 10,000 RPM 

for ten minutes at 3°C in a Sorval RC2-B centrifuge. Following a 0.5 

M perchloric acid treatment the free nucleotide extract was neutral

ized with potassium hydroxide and centrifuged at 10,000 rpm for 12 

minutes at 3°C. The resulting precipitate was discarded. Thymidine 

was separated from the phosphoralated thymidine derivatives within the 

supernatant using DEAE ion exchange cellulose discs (Ohyama, 1974). 

After washing, the discs were dried then assayed for radioactivity. 

Velocity Sedimentation of Cotyledon DNA 

A gentle nuclei lysing and sedimentation technique which had 

been successfully employed on barley embryos (Tano and Yamaguchi, 

1977) was unsuccessfully attempted on cotton cotyledons. Microscopic 

observation of the nuclear suspension following rigid purification 

still revealed the presence of substantial amounts of starch platelets 

and cytoplasmic debris. The presence of a very sticky and viscous 

component libered during the lysing step made equating drop sizes 

during fraction collecting extremely difficult. Impurities within the 

nuclear suspension also made quantitative estimation of DNA using 

diphenylamine subject to error. Too frequently the quantity of DNA 

placed on the gradient was inconsistent, thereby introducing large 

variations in the sedimentation profiles between experiments. In view 

of the presence of large quantities of polyphenolic compounds (Bell 

and Stipanovick, 1977) as well as terpenoids and tannins in cotton seed 

which can crosslink and polymerize with organelles and proteins (Loomis, 

1974) it was not known whether the profiles obtained were actually 



39 

representative of freely sedimenting DNA strands. An alternative DNA 

isolation procedure was therefore attempted. 

One hundred fifty to 200 freshly harvested dehulled seedlings 

were soaked in chloroform: ethanol (1:1 V/V) at room temperature for 

one hour then macerated thoroughly with a mortar and pestle. The super

natant was changed two times and fresh chloroform-ethanol added. Fol

lowing two hours of soaking the suspension was filtered through a 

Buchner funnel. The cake was titrated with cold distilled acetone then 

suspended in 800 milliliters of acetone overnight at 2°C. 

The suspension was filtered on a Buchner funnel and washed three 

to five times with cold acetone. The residual material was next spread 

on paper to dry, then passed through 60 mesh screen. The powder was 

suspended in one liter of cold 0.14 M sodium chloride, and stirred for 

three hours on a mixer to remove soluble storage proteins. Dilute solu

tions of neutral salts extract 75-85% of the total seed protein of 

cotton including a majority of its principal seed protein the globulin 

fraction (Olcott and Fontaine, 1940). 

The mixture was centrifuged at 5,000 RPM and shaken five to 

eight times with cold 0.14 M sodium chloride. The preparation was sus

pended in a solution consisting of 2% SDS, 0.10 M EDTA and 0.14 M sodium 

chloride adjusted to pH 8.0. EDTA in the lysing medium was found to be 

essential in preventing nicking of the DNA (Cox, Damjanov, Abanobi and 

Sarma, 1973). To this was added one/fifteenth volume of 5% SDS in 45% 

ethanol and stored in the refrigerator overnight. 
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The pellet was lysed at 60°C for ten minutes then spun at 

10,000 RPM for one minute. The supernatant was recovered and this 

lysing repeated on the pellet two additional times. 

The supernatant was gently stirred at room temperature and made 

one molar with regards to sodium chloride then stirred for an addition

al half hour. The aggregation which formed was spun out and the super

natant was deproteinized by gently shaking with one volume of distilled 

chloroform with 1% octanol, three times. The DNA was precipitated with 

one volume cold ethanol for one hour at minus 20°C, spun out, and then 

dissolved in 0.1 X SSC. The solution was made 1.0 X SSC with the ad

dition of 10 X SSC. 

The nucleic acid solution was next digested with pancreatic 

ribonuclease for two hours at 37°C, (0.20 milligrams per milliliter of 

DNA solution), followed by a two hour pronase digestion (0.60 milligram 

per milliliter of DNA solution). 

The DNA solution was subjected to gentle deproteinization with 

chloroform and 1% octanol until the aqueous chloroform interface was 

relatively clean. The DNA was precipitated with two volumes of ethanol, 

redissolved in 0.1 X SSC, and stored with chloroform in the refrigera

tor. 

Approximately twenty five micrograms of DNA was dissolved in 

0.5 M sodium hydroxide for one hour at room temperature. Following 

this incubation period the DNA was layered over a 10-30% alkaline suc

rose gradient composed of 0.9 M NaCl, 0.1 M NaOH and 0.005 M EDTA (Clay, 

Bartels and Katterman, 1976). 



41 

Ultra centrifugation was carried out with a Spinco SW 50 rotor 

at 40,000 RPM for five hours at 5°C. 

Following centrifugation, the gradients were collected in two 

drop fractions, diluted to two milliliters with water and the absorp

tion monitored at 260 nm. 

DNA Synthesis in Radicles 

The first significant incorporation of thymidine into radicle 

DNA has been shown to occur at 18 hours, the time when this organ 

emerges from the seed coat, with maximal incorporation arising at 36 

hours of germination (Clay, Katterman and Hammett, 1975). Eighteen con

trol seedlings were therefore selected at 35 hours of growth and their 

radicle lengths recorded. EMS treated seedlings, (1 milligram/seed) 

were secured at comparable radicle lengths of that of the control. The 

tolerable size limit was within one standard deviation of the control. 

Radicles of both lots were incubated two and one half hours in 

distilled water with 50 of thymidine. Radicle tips five to six 

millimeters in length were secured for analysis after a brief rinse. DNA 

synthesis rate in radicle meristematic tissue was monitored using the 

DNA hydrolysis assay previously described without the initial defatting 

step. Specific activity was expressed as counts per minute in the super

natant per absorption at 260 nm. Protein concentration was analyzed 

through the Lowry Assay (Lowry et al., 1951). 

Cytological Evaluation of Radicles 

The procedure used is essentially the same as described by 

Endrizzi (Dr. J. E. Endrizzi, Dept. Plant Sciences, University of 



Arizona). Actively growing root tips were placed in a saturated solu

tion of mono-bromonapthalene for 2.5 hours to arrest dividing cells at 

metaphase. Ten millimeter radicle tip sections were excised, then 

fixed in 3:1 ethanol-glacial acidic acid for one week with two solu

tion changes during this time. The tissue was recovered, washed, then 

softened with 5N HCL for one hour. The tissue, after being washed 

thoroughly, was placed in a one percent pectinase and one percent cell-

ulase aqueous solution for one hour to further denature cell walls and 

tissue. This enzyme treatment was found to be mandatory for optimal 

chromosome staining. After the enzyme treatment, the inner most radicle 

tip tissue was retrieved, stained with proprionic carmine with iron, and 

scored for dividing cells. 

Cells were examined at 400 power and recorded as dividing when 

their division had progressed to at least first metaphase. Control 

plants, designated 26 and 47 hours, are seedlings which had accumulated 

dividing cells in their radicle apicies from 23% to 26 hours and 44% to 

47 hours, respectively. EMS treated material (one milligram/seed) was 

selected for evaluation of mitotic activity on the basis of equivalent 

radicle length as that of the control at 23% and 44% hours which stood 

at twenty and eighty millimeters. 

The mitotic index relates the reduction of treated cotton seed

ling root apex cells in division when contrasted with non treated plants 

during a specific time interval. The mitotic index is therefore ex

pressed as a fraction. 

The described staining protecol worked especially well for muta-

genized tissue, with the quality of spreads exceeding the control. 
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Radicle tip protein content was assayed using the spot test 

(Schaffner and Weissmann, 1973). This procedure has proven applicable 

for soluble protein determination in Gossypium, and is less affected by 

interfering substances found in this species than other protein tests. 

Evaluation of Field Matured Plants 

General Procedure 

Pima seed lots were mutagenized with one milligram EMS per seed 

in 5% DMSO and phosphate buffer, pH 7.0. This combination had been 

previously disclosed to actuate a slightly lower mortality rate with a 

comparable germination index to that of an unbuffered EMS treatment 

without DMSO (Table 2). 

Thirty five treated seedlings along with six control plants were 

matured at the Campbell Avenue Greenhouse during the winter of 1979. 

Selfed seeds from these plants were collected and grown in the field in 

1980. The control and EMS treated populations (M^) were represented by 

thirty and three hundred forty five plants respectively. 

The populations were analyzed for seven variables. These char

acters were total reserve capacity, crude seed protein, crude seed lipid 

percentage, seed weight, plant height, plant dry weight and total bolls 

per plant. 

Two distinct morphologically abnormal plants were recovered with

in the M2 population. Hereafter they will be designated as EMS^ and 

EMS2* Visually, both plants were very similar and were characterized by 

an overall suppression in morphology which was very evident within the 
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Table 2. The germination index and components of the index for an un
buffered EMS treatment (UT) and a buffered EMS treatment with 
5% DMSO (BT). 

mg/EMS/seed 
Treatment .25 .50 .75 l.OO 

Germination Index 

UT .81 + .03 .54 +_ .05 .28 +_ .03 .16 + .01 

BT .67 + .08 .45 + .01 .35 + .03 .24 +_ .01 

Percentage Radicle-Hypocotyl 
Length Reduction 

UT 19 44 67 78 

BT 32 54 64 70 

Percentage Seed Deactivation 

UT 3 8 19 28 

BT 2 6 10 22 
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juvenile stage of development. These traits included short, compact 

stature, compressed internodes, small narrow leaves, undersized bolls 

and a reduction in male fertility. No chimeric spectoring was evident 

on either plant. Both plants were established to be nonreceptive to 

selfing under field conditions. Consequently, each plant was stubbed 

and successfully hand pollinated in the greenhouse through the winter 

of 1980 to provide self-pollinated seed for study of the next genera

tion. 

Fifty M^, progeny from each plant were pellet planted in the 

greenhouse and the seedlings transferred to the field to assess morpho

logical and fertility segregation patterns during the summer of 1981. 

Cytology 

Pollen mother cells from immature cotton buds were observed 

cytologically to differentiate possible gross chromosomal changes ac

companying the impairment in fertility and morphology observed in the 

segregating cotton. The buds were collected then fixed in ethanol-

acetic acid 7:3 (V/V) for twenty four hours. Pollen mother cell chrom

osomes were stained with proprionic carmain with iron, then scored at 

metaphase one of meiosis. 

Crude Seed Protein and Lipid Analysis 

Control and seeds were ground in a Wiley mill to mesh size 

60. Samples were dried within a vacuum oven (26 PSI) at 50°C overnight. 

Seed moisture varied between four to six percent. Crude seed fat was 

analyzed using a Goldfisch Apparatus with hexane as the extracting sol

vent. Fats were extracted from the tissue for at least four hours. The 
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defatted, redried material was next evaluated for Micro Kjeldahl nitro

gen in duplicates. A factor of 6.25 was used for the conversion to 

protein. 

Disc Gel Electrophoresis 

Seeds from two IC, cotton plants exhibiting a high of 40.94% and 

a low of 27.14%, protein content were analyzed for possible alterations 

in soluble protein banding patterns through polyacrylamide disc elec

trophoresis . 

Twenty dehulled seeds were macerated in a chilled mortar with 

twenty milliliters of a cold urea grind consisting of 2.0 M urea, 

0.0076 M deoxycholate, 0.005 M EDTA and 0.02 M Tris-HCl, pH 8.9. This 

slury was centrifuged for 6,000 RPM for ten minutes in a Sorvall RC2-B 

centrifuge at 3°C. The recovered supernatant was spun an additional 

thirty minutes at 36,000 RPM. 

Ascorbic acid was added in the quantity of 0.03 grams per milli

liter of supernatant and allowed to set at room temperature for five 

minutes. The mixture was next centrifuged for ten minutes at 6,000 RPM 

to remove the resulting precipitate. The resulting supernatant, clear, 

but tinged slightly greenish, was subjected to electrophoresis. 

Discs consisted of a 7% running gel of 100 millimeter in length, 

five millimeter in diameter and a 4.2% separating gel of approximately 

15 millimeters. The current was regulated to one milliamper per tube 

through the running gel. The upper reservoir was adjusted to pH 8.91, 

the lower reservoir pH 8.07. 
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Following forty minutes of pre-electrophoresis, the development 

of the gels proceeded for approximately four hours at 4 to 6°C. 

The gels were stained for protein overnight with filtered com-

mossie blue G-250, at a concentration of 0.025% in 12% TCA then de-

stained in 10% methanol and 7% acetic acid for several days. 

Analysis of Data 

An index was formulated to weigh the impact of varying concen

trations of EMS on cotton germination vigor. The joint influence of 

seed viability and radicle length at 65 hours of germination composes 

the index. The degree of vigor in treated seedlings is related to that 

of the control. 

GI = i-5-1 

R x G 

GI = germination index 

r = mean radicle-hypocotyl length of the EMS treated seedlings at 

65 hours of germination. 

g = mean number of EMS treated plants which germinated 

R = mean radicle-hypocotyl length of control seedlings at 65 hours 

G = mean number of control plants that germinated 

Data for the unbuffered (UB) and buffered EMS treatment with 5% 

DMSO (BT) were assessed in a split plot factorial analysis of variance. 

The main plots consisted of the EMS concentrations and the sub plots 

were the two treatments. 
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The dose response data was fitted to either a linear or curvi

linear model through least square regression analysis. The model con

sidered appropriate was the one which best minimized the residual sum 

of squares. 

Data for the alkylation of the nucleoprotein-DNA complex was 

fitted to asymptotic functional curve with an asymptote limit K under 

the defined conditions and interval of the investigation. The function 

has the following form: 

Y. = K + abXl 
1 

where b represents the relative rate of decrease in rate per unit in

crease in Xi. 

Sj values for the high molecular weight DNA were computed. 
-i. 

This value represents the fraction number beyond which one-half of the 

mass of the DNA sediments. All calculations were corrected to thirty 

fractions. The mass of the DNA is founded on absorbance readings above 

an arbitrary base line set for each sedimentation pattern. The total 

area for the heavy DNA fraction was obtained through trapezoidal summa

tion of the absorbance profile. 

Field data from the control and plants were analyzed for 

mean performance and the extent of variability among experimental units. 

Specific combinations of characters out of the seven originally eval

uated were further subjected to multiple regression analysis. 

The total reserve capacity of the seed is obtained by combining 

the percentage of seed protein and seed oil (Sharp et al., 1949). This 

index reflects the capacity of the seed to accumulate these storage 
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products. The single alteration of either seed oil or protein, or the 

simultaneous increase or decrease in both components will alter re

serve capacity. 



RESULTS AND DISCUSSION 

Germination Index 

An enhancement in survival and growth rates has been reported 

in the generation of rice when dimethyl sulphoxide (DMSO) is util

ized in conjunction with EMS application (Siddiq et al., 1968). To 

clarify the potential impact of DMSO when in combination with EMS on 

radicle growth and lethality, this compound was included in the seed 

mutagenizing scheme of this investigation. 

As expected, significant differences were detected between all 

EMS concentrations and the germination indices within the unbuffered 

(UT) and the buffered (BT) plus 5% DMSO EMS treatments. When contrast

ing the germination indices between treatments, only the lowest EMS 

concentration applied (0.25 milligrams per seed) differed significantly 

(Table 2) . 

Dimethyl sulphoxide is a soluabilizing agent which can facili

tate the transfer of compounds across biological membranes through in

creasing membrane permeability (Bhatia, 1967). At the buffered 

mutagenic concentration of 0.25 milligrams, the addition of DMSO as

sisted in facilitating either EMS uptake and diffusion or cellular 

association by EMS, thereby imparting a greater physiological distur

bance on the germination process than EMS applied solely with water. As 

EMS dosage is intensified beyond 0.50 milligrams per seed, this occur-

rance is reversed and the UT effects lower indices than the BT through 

50 
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a simultaneous reduction in radicle-hypocotyl length and an appreciable 

e n h a n c e m e n t  i n  p e r c e n t a g e  s e e d  d e a c t i v a t i o n  ( T a b l e  2 ) .  

Due partly to the minimal degrees of freedom in the analysis, 

the possible interaction of the two treatments on the germination in

dex was not of substantial magnitude to warrant statistical signifi

cance . 

The regression of the germination index on EMS concentration 

is presented in Figure 8. Due to the difference in the germination 

index between the UT and BT at 0.25 milligrams per seed, the treatments 

were not combined, but are presented separately. 

Under the conditions of this experiment, the relationship be

tween concentration and lethality in both treatments was found to de

viate from linearity and appears to be manifested in accord with a 

curvilinear function (Table 2). This association infers that increas

ing increments of EMS whether applied in conjunction with a buffered 

solution, pH 7.0 and 5% DMSO or dispersed merely in water effects a 

greater increase in the number of lethal seed events. 

The observation in this study that BT with 5% DMSO reduced seed 

lethality at all concentrations assessed when contrasted against the UT 

(Table 2) is consistent with the findings of Bhatia (1967). 

The discrepancy between the UB and BT treatments on lethality 

percentage becomes discernable at higher concentrations (Figure 9). 

When the data are extrapolated past the concentration interval 

analyzed, the dosage causing fifty percent mortality can be ap

proximated. This corresponds to 1.2 milligrams of EMS applied per seed 

for the UT and 1.6 milligrams per seed for the BT. 
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Figure 8. Regression of the germination index on the milligrams of EMS applied per seed for un
buffered EMS and EMS dissolved within 5% DMSO and phosphate buffer pH 7.0. vi 
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Figure 9. The relationship between the logarithm of seed lethality and the concentration of EMS 
applied for unbuffered and buffered treatments. 
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Employing a different mutagenizing procedure, Janovski et al. 

(1967) revealed an EMS concentration of approximately 4.8 milligrams 

per cotton seed resulted in a 50% decrease in survival to first leaf 

stage. The estimated LD,_0 dosage in this study and the value obtained 

by Janovski et al. (1967) demonstrates the large variation one may en

counter for many physiological parameters when mutagenizing protocols 

among research groups are not standardized. 

Hypothesis of Early Seedling 
Growth Impairment 

The suppression of germination vigor may arise following chem

ical or physical mutagenic treatment from physiological damage, point 

or gene mutation or chromosome aberations (Gaul, 1977). Since all se

quential developmental steps during germination rely on complex meta

bolic interaction and synchronization, this classification is 

undoubtedly an over simplification of the actual molecular problems 

involved. 

Although the primary goals of this research did not include a 

characterization of the exact changes elicited by the EMS treatment, 

the preliminary phases of this investigation focused upon altered 

protein metabolism patterns which may have contributed to an early re

straint in seedling development. 

Protein metabolism is a priority in the early germination process 

Early synthesis of proteins are mandatory for the initiation of DNA syn

thesis in germinating wheat embryos (Mory, Chen and Sarid, 1972). Al

though the activation of preformed protein precursors occurs during this 

period, the increased activity of many key enzymes are a result of 
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de novo synthesis. A sustained synthesis of protein is therefore vital 

for embryonic growth (Speedding and Wilson, 1968; Abdul-Baki, 1969; 

Walton and Soofi, 1969; Subramanian, 1974). 

The overall synthesis of protein in EMS treated seedlings be

tween four and sixteen hours was found to be severely impaired. During 

the first sixteen hours of germination, protein synthesis in cotton is 

directed by conserved messenger ribonucleic acid (RNA) and ribosomes 

which come preformed in the mature seed (Waters and Dure, 1966). In 

view of this fact, the observed suppression in protein synthesis by EMS 

appears to be actuating at the translational level, or on the actual 

preformed RNA fraction. 

Coinciding with the reduction in DNA synthesis within radicle 

meristematic tissue at a length of forty millimeters is an appreciable 

lowering of soluble protein levels within mutagenized material (Table 

3). It has been established that the root system is an active site for 

protein synthesis. The depression in DNA synthesis and consequential 

reduction in lateral axis growth may partly arise from adverse changes 

in protein metabolism which normally accompanies cell division and cell 

expansion (Woodart, Rasch and Swift, 1961; Clarkson and Mitchell, 1979). 

Cytological inspection of treated seedling radicles revealed an 

increase in radicle tip cells undergoing division at eighty as opposed 

to twenty millimeters radicle-hypocotyl length (Table 4). Coupled with 

this is a recovery of radicle tip protein to a level approximating the 

control. 

Though stringent evidence is lacking this overall restitution 

in cellular division in radicle tip cells at eighty millimeters may 
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Table 3. The extent of DNA synthesis and soluble protein content in 
radicle tip tissue of 40 millimeter radicles from EMS treated 
and non treated seedlings. 

Protein Concentration DNA Specific Activity 
(microgram) CPM/ug DNA X 10^ 

Control 70.0 +_ 5.87 4.68 

EMS Treatment 45.90 +_ 0.83 2.25 
(1 mg/seed) 



Table 4. A comparison in mitotic indices and soluble protein levels of radicle tip cells between EMS 
treated cotton and non treated seedlings at 20 and 80 millimeters radicle length. 

Radicle Number of Percent of Mitotic Protein 
Treatment Length Cells Scored Cells in Division Index Concentration 

(millimeter) (milligram) 

Control 3377 2.22 + .28 a .16 a 
20 .35 

EMS (1 mg/seed) 3913 0.79 + .11 b .11 b 

Control 3945 1.54 + .11 c .12 b 
80 .63 

EMS 5357 0.98 + .15 b .09 c 

Means in columns followed by the same letter are not significantly different at the 5% level of 
confidence. 
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originate merely from intrasomatic cell selection and or the restora

tion of overall protein synthesis rates, thereby positively affecting 

DNA synthesis. 

At the time of germination seedling growth is contingent on a 

fixed amount of total available energy. The quantity of the latter is 

a product of all potential energy reserves contained within the seed's 

undifferentiated state. Underlaying the catabolic activities in coty-

ledonous tissue are changes in enzyme levels. The process of coordi

nated hydrolysis of cotyledonary reserves rests on specific enzymes 

being produced in the optimal quantity at the appropriate time. 

A marked increase in trichloroacetic acid precipitable seed 

protein at fourteen hours of germination was recorded following the 

mutagenic treatment. This event was found to be dose related, inten

sifying with increasing amounts of EMS applied. This observation may 

suggest a deterioration in the efficient utilization of internal seed 

energy sources brought about through irregularities in the rate of de

gradation of storage protein. The severity in the decline of respira

tory effectiveness will dictate the limitations placed upon growth 

potential. An association between respiration inefficiency and growth 

reduction in gama irradiated corn has been shown to occur (Woodstock 

and Combs, 1965) . 

Once the photosynthetic capacity of the cotton seedling is 

realized energy essential for maturation is no longer confined solely 

to that present within the cotyledons. In the case of surviving EMS 

treated seedlings, potentially damaged or exhausted energy reserves 
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would no longer be a potentially restrictive component for growth at 

this advanced developmental stage. 

To make a causal connection among diminished protein synthesis 

rates and modified seed energy reserves on seedling vigor is intrigu

ing. Whatever conjecture is made about the mechanism of EMS growth 

impairment during early development, research is required before the 

speculations on protein synthesis and energy reserves can be given 

credence. 

An Investigation into DNA Repair 
Within Cotyledonous Tissue 

Surviving plants visually appeared to overcome EMS growth 

suppression by the first month of development. It is known that repair 

synthesis of damage registered on the DNA is associated with sequential 

phenotypic recovery (Gichner, Veleminsky and Pokorny, 1972; Gichner et 

al., 1974). 

Since storage tissue as cotyledons are in many instances almost 

devoid of DNA synthesis (Mandal and Biswas, 1970; Waters and Dure, 

1966), it was hypothesized that an enhancement of DNA synthesis follow

ing mutagenic application could possibly be a reflection of DNA strand 

repair. To gain an insight on possible EMS mediated repair synthesis 

of cotyledon DNA during early germination, various time periods were 

3 
examined for active H-thymidine incorporation. 

A series of measurements were first made on control seedlings to 

assess the presence of DNA synthesizing capacity in cotyledonous tissue 

from six to forty hours of germination. The extent of thymidine 
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incorporation into control DNA was observed to steadily increase from 

six to thirty hours of germination followed by an abrupt enhancement 

between thirty and forty hours (Figure 10). The overall rates of ap

parent DNA synthesis were generally small when compared to rates for 

the embryonic axis over this same time period (Table 5). 

With regards to the occurrence of radioactivity in the control 

preparation, the possibility that this reflects selective DNA amplif

ication within cotyledonary tissue over the course of early germination 

would appear unlikely (Davidson and Britten, 1973). 

The evolving of cotyledonary mitochondria occurs through the 

early phases of germination (Bain and Mercer, 1966). Thus it is con

ceivable the additional DNA synthesis is associated with the presence 

of contaminating nucleic acids from developing extrachromosomal sources. 

Over the interval of twelve to thirty hours, a distinct stimu

lation in the incorporation of radioactivity into DNA existed for 

mutagenized seedlings (Figure 10). The increased rates exceeded the 

control at twelve, twenty-four, and thirty hours by 125, 46, and 56 per

cent, respectively. By forty hours of germination, a comparable degree 

of apparent DNA synthesis is noted for both the control and mutagenized 

seedlings. 

Due to the dynamics of supercoiling that produces steric in

hibition and the presence of nucleotprotein sheathed traits of DNA, all 

potential DNA alkylation sites due to inaccessibility are never satur

ated. Thus complete alkylation is never realized within a non-lethal 

concentration range. The extent of the alkylation process is a 
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Table 5. DNA synthesis rates of embryonic tissue during early 
germination. 

DNA 
Hour of Specific Activity 

Germination DPM/ug DNA 

6 7 

12 57 

18 359 

24 1507 

30 1793 
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Figure 10. Specific radioactivity of DNA isolated from cotyledon tissue in contrbl and EMS 
treated seedlings during early germination. 
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•function not only of the characteristics of the DNA molecules, but also 

the metabolic state of the cell, which may govern the exposure of ad

ditional alkylation sites and the longevity of the unreactive mutagen 

in the biological system. 

Figure 11 presents the extent of DNA alkylation over the course 

of early germination. Through the first nine hours of inhibition, a 

pronounced increase in EMS directed alkylation of the nuclear complex 

occurs followed by a gradual levelling off beyond this duration. This 

initial nine-hour period probably represents the time required for EMS 

to overcome permeability barriers and interferences by cellular RNA and 

protein fractions before reaching the DNA complex. At twelve hours, 

the period of maximum thymidine incorporation into mutagenized coty-

leondary DNA, approximately coincides with this estimated time required 

for EMS nuclear penetration (Figure 10, Figure 11). 

It is assumed that the incorporation of labeled thymidine into 

the total DNA reflects genuine rates of synthesis. This may not be en

tirely true. A lack of equality may occur between the actual rate of 

synthesis and the degree of exogenous precursor incorporation (Goody 

and Ellem, 1975; Oaks and Bidwell, 1970). Despite a constant rate of 

synthesis, endogenous fluctuations in the thymidine pool size may alter 

the specific radioactivity of the pool, thereby affecting the extent of 

labeled thymidine incorporation into DNA. It is possible that the in

creasing thymidine incorporation trend for control seedlings may simply 

portray an equilibrating of the internal thymidine pool to externally 

applied thymidine, size modification of the internal thymidine pool 
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'during early germination, or differences in the turnover rates between 

nonphosphorylated and phosphorylated thymidine. 

Total radioactivity within the combined phosphorylated thymid

ine pools appeared to be approaching a gradual steady state in both 

the control and EMS treated seedlings by approximately eight hours 

into germination (Table 6). During the initial four hours of imbibi

tion, a slightly higher quantity of thymidine was phosphorylated in the 

mutagenized seedlings as compared to the control. Slightly larger 

phosphorylated pools were detected in the control as opposed to the 

treated material at eight and twelve hours of germination. 

The combined phosphorylated thymidine pool data, however, do 

not distinguish the possibility of TTP pool size variations during 

early seedlings development. Since thymidine triphosphate (TTP) is 

an immediate DNA precursor, an association between TTP pool size and 

DNA synthesis rate would be anticipated (Katterman and Clay, 1975). It 

is apparent, however, from Table 6 that exogenous thymidine is meta

bolized in both EMS treated and non-treated seedlings to a similar 

extent. The flux of thymidine into its phosphorylated derivatives in 

mutagenized tissue does not appear to be substantially altered by 

twelve hours into germination. From this over-all data, it can be 

postulated that the internal elements regulating the occurrance of 

the phosphorylation of thymidine as thymidine kinase (ATP:thymidine 

51-Phosphotransferase) are probably not inhibited to a magnitude which 

would greatly modify the individual phosphorylated thymidine pools from 

that present in non-treated seedlings. 
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Table 6. Phosphorylated thymidine pool capacity in cotyledonous 
tissue for control and EMS treated seedlings during early 
germination. 

Period of Total 
Germination Pool Size 

HR Treatment CPM x 10^ 

Control 13.3 +_ 2.6 
EMS 17.3+5.9 

Control 35.4 +_ 2.7 
EMS 32.4 + 4.7 

12 Control 
EMS 

40.2 + 7.0 
34.8 + 6.7 
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If this assumption is correct, and providing all the appropriate 

precursor pools have reached a constant specific activity and subcellu

lar organelle contamination is negligible, the disparity in labeling of 

cotyledon nuclear DNA in mutagenized plants at twelve hours of germina

tion originates from increased rates of DNA synthesis. 

Providing these minor increases of apparent DNA synthesis re

flect actual repair of Deoxyribonucleic Acid, the time element involved 

for restoration is consistent with prior research. Several time course 

studies on the restitution of alkylated DNA have shown that due to the 

gradual extent of depurination the persistence of repair synthesis over 

many hours following alkylation is likely (Robert et al., 1971; Fox and 

Ayad, 1971). The residual effect of EMS within intercellular locali

ties may further compound the overall period involved for eradication 

of DNA impairment. 

To test the assumption that repair of cotyledon chromosomes was 

actually occurring between twelve and forty hours, DNA velocity sedi

mentation profiles were next examined. 

The sedimentation patterns for cotyledonary DNA and their repro

ducibility was contingent on the quantity of DNA employed within the 

experimental system. A minimal concentration of DNA in the range of 

five to eight micrograms effected an occasional recovery of DNA within 

one or two main fractions following ultracentrifugation. Figure 12 

depicts a representative density gradient profile of this type with a 

characteristic main peak and numerous minor accessory bodies. 

Despite precautions taken against shearing degradation, mechan

ical fragmentation of the DN'A molecules during isolation was anticipated. 
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'It was hypothesized the DNA molecular weight distribution would likely 

approach a random one where the nucleic acid would be dispersed over 

numerous gradient fractions (Charlesby, 1954; Veleminsky et al. , 

1973). The velocity sedimentation data in Figure 13, however, are in 

marked contrast to what was expected. Sedimentation profiles of this 

nature portray deoxyribonucleic acid aggregation (Saito and Andoh, 

1973). The nature of this aggregation is not clear at present. 

When the DNA concentration was elevated to approximately 

thirty micrograms, an abundant quantity of nucleic acids failed to 

transverse into the gradient and amassed near the site of application. 

It is assumed the absorbance readings in this region of the profile is 

contributed mainly from mechanically sheared low molecular weight DNA 

and possibly from degraded RNA oligonucleotides which failed to be 

completely eliminated from the prep during DNA purification. 

A diphenylamine positive fraction was consistantly retrieved 

from between the seventh and fifteenth fractions. This DNA fraction 

was low in magnitude when compared to that remaining at the origin 

(Figure 13). The majority of isolated cotyledonary DNA appears, 

therefore, to consist of fragmented molecules. The heavier deoxyribo

nucleic acid probably represents a random subpopulation of the DNA 

which remained partially intact during extraction. This heavier frac

tion tended to shift towards the origin as germination progressed 

(Table 7, Figure 13). 

Tano and Yamaguchi (1977) revealed but did not elaborate on a 

natural DNA degradation process in barley embryos. The molecular 
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Table 7. Time course study in the sedimentation rates of the heavy 
molecular weight cotyledonary DNA fraction in seedlings be
fore and following EMS application. 

Treatment Hour of Germination ^ --2 

Control 4 8.8 

35 13.5 

EMS 0.5 mg 8 12.0 

35 * 

1.0 mg 6 13.3 

12 16.9 

24 16.4 

40 (sprouted) * 

40 (nonsprouted) * 

*Due to the merging of the heavy DNA with origin bound nucleic acids 
S, was not 
h 

calculable. 
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weight of DNA was recorded to decrease linearly from zero to five hours 

of germination then remained constant thereafter. This event was dis

closed to be temperature insensitive. 

In the current study, the sedimentation shift may reflect cata-

bolism of cotyledonous DNA that is destined to supply endogenous deoxy-

nucleotides to the deoxynucleotide pools necessary for the evolving 

lateral axis. Alternatively, it may arise from intensification of DNA 

mechanical shearing susceptibility due to conformational changes in the 

helix during imbibition. 

To discern possible molecular repair on the intact cotyledonary 

DNA components, EMS was administered first at a dosage of one milligram 

per seed. It was postulated this concentration would be sufficiently 

high to survive the presence of abundant intracellular nucleophiles and 

interact with the DNA to evoke an ample degree of alkylation and en

suing strand breakage. 

Six hours into germination, the heavy DNA fraction from seed

lings displayed a susceptibility to treatment as reflected by an in

crease in DNA heterogenity when compared to non-treated seedlings at a 

similar period (Figure 14). A simultaneous shift in Sj value towards a 
'S 

lighter molecular weight was additionally recorded. 

During the in vitro EMS alkylation and depurination of isolated 

cotton DNA, only three moieties were chromatographically detectable. 

These components were identified as adenine, guanine and 7-ethylguanine. 

As anticipated, the N-7 atom of guanine appeared to be the main nucleo-

phillic site for EMS attachment. Therefore, the displacement of DNA in 
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'the gradient at six hours would be expected to arise from strand 

cleavage initiated through the depurination of 7-alkylguanine or the 

scissoring of alkali liable bonds within the nucleoprotein complex. 

Unchanged DNA sedimentation profiles were recorded at twelve 

and twenty-four hours of germination from mutagenized tissue (Table 7, 

Figure 14). By forty hours there occurred a merging of the heavy DNA 

molecules with the nucleic acids at the origin (Table 7). 

The results displayed at this high mutagenic application prompt

ed an investigation to compare the effects of EMS on the sedimentation 

patterns at a lower dosage. When the mutagenic concentration was re

duced to 0.5 milligrams per seed, Sj values were slightly increased by 
"2 

eight hours into germination and by thirty-five hours a net migration 

of the heavier DNA towards the origin arose (Table 7). At sublethal 

concentrations, EMS appears to provoke an enhancement in the degrada

tion of the heavy DNA fraction. 

Prior experiments indicated that a majority of seeds, subse

quent to EMS application, which failed to exhibit radicle protrusion 

by at least forty hours of germination were in a stage of expiration. 

The integrating of the heavy DNA components with the origin 

bound nucleic acids prevented direct assessment of Sj values between 

sprouted and non-sprouted seeds at forty hours. If the absorbance 

readings from the twelfth to the twenty-fourth fraction are accumulated, 

then contrasted between the sprouted and non-sprouted seeds at an 

equivalent DNA concentration, an 88% increase in total absorbance is 

noted for the sprouted material (Figure 15). Since cellular alkylation 



.20-r 

.10 

— Non-sprouted 
Sprouted 

.00- I  1  I  I  I  I  I  1  1  I  I  . 1 1  I  I  I  I  I  I  I  I  I I  I  1  I  I  
10 15 20 25 30 

Fractions 

Figure 15. The sedimentation profile of cotyledon DNA between sprouted and non-sprouted seed
lings treated with one milligram of EMS at forty hours of germination. Sedimentation 
is from right to left. 

cn 



76 

events are assumed to be random in nature, this finding is attributed 

to a more effective alkylation and consequential strand breakage of 

cotyledonary DNA in non germinated seeds. Although tempting to con

sider, this single observation does not ultimately establish that 

fragmentation of cotyledonous DNA beyond a threshold is conducive to 

seedling lethality. The results indicate that a reduction in the per

centage of heavy DNA coincides with seed lethality. 

Cotyledons at the time of embryogenesis attain a high degree 

of metabolic activity. Besides the accumulation of reserves, it is 

believed that an array of critical messenger RNA's are transcribed. 

The latter are translated during germination into enzymes that initi

ate and sustain early seedling evolvement (Ihle and Dure, 1972). 

Cotyledonary cells through embryogenesis in many instances become 

highly polyploid (Smith, 1973; Millerd and Whitfeld, 1973). In cot

ton there eventuates genome endoreduplications in cotyledonary tissue 

to an average ploidy level of 12N (9.4 pg DNA per cell/0.795 pg per 

haploid genome) (Walbot and Dure, 1976). The exact role of this endo

redupli cation is not understood. Results have suggested the greater 

availability of the DNA template following endoreduplication is not 

parallelled with an increase in transcriptional activity (Millerd and 

Spencer, 1974). This finding would infer the absence of a gene dosage 

effect. From the commencement of germination, DNA levels in storage 

tissues have classically been shown to decline (Ingle and Hageman, 

1965). It would appear as if the sole purpose of the majority of coty

ledonary DNA is a depository form of deoxynucleosides. 
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The net increase of macromolecules due to biosynthesis in coty

ledons through germination is far exceeded by catabolic events (Gilkes, 

Herman and Chrispeels, 1979). Several lines of evidence have suggested 

much of the early cte novo synthesis based in this tissue is modulated 

by enzymes or stored messenger RNA preformed during embryogenesis. 

Mobilization of storage reserves in the seed may further be dependent 

on embryo-cotyledon interaction (Paleg, 1960) and significant embryonal 

control may be exerted over physiological events in the cotyledon (Yomo 

and Varner, 1973). When the lateral axis is excised from seedlings, 

the synthesis of enzymes and the completion of subcellular organization 

apparent in cotyledonary cells during germination is impeded (Young et 

al. , 1960; Bain and Mercer, 1966ab). Many molecular activities in coty

ledons at the time when dormancy is overcome may arise from a preset 

program fashioned during embryogenesis which is triggered and/or sup

plemented by adjacent seed tissues and organs. Thus the actual portion 

of the cotyledonous DNA template involved in transcription at the time 

of germination may be small or even negligible. 

The enhanced activity on the DNA template of the cotyledons 

through the anabolic interval of embryogenesis would likely necessitate 

the presence of an optimally functional repair system. The need for 

this molecular event beyond embryogenesis in cotyledonary tissue prob

ably diminishes to a great extent. Fully deifferentiated cells and 

tissues devoid of further replication are known to exhibit greatly re

duced repair capacity (Hahn, King and Yan, 1971; Sega, 1974; Stockdale, 

1971). These observations suggest that the integrity of the genome may 

not be important past a critical developmental stage. 
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Knowledge concerning the specificity of DNA repair is limited 

at the present time. The few experimental studies performed to date 

have inferred an indiscriminatory nature of genome restitution 

(Lieberman and Poirier, 1974; Robert et al., 1971). In as much as 

mutagenic agents generally inflict DNA helical damage randomly, this 

finding is not surprising. 

It is of considerable interest to know what metabolic safe

guards are initiated to avoid the mutually antagonistic actions of DNA 

repair if present and the catabolizing of cotyledonary DNA during 

germination. If repair genome nonspecific, is the rejoining of strand 

breaks (potentially functional through cotyledon development) repressed 

like cellular division during this phase? 

Unrepaired damage to normally active cotyledonary cistrons 

during germination would not necessarily effect a loss of developmental 

potential. The riterated portions of the chromosomes in this tissue 

would be expected to compensate to a point for the elimination of cis-

tron functionality. 

Excision repair requires DNA synthesis. An early burst of DNA 

synthesis above that exhibited by the control did arise in mutagenized 

tissue (Figure 10). If this magnitude of DNA synthesis approaches the 

true extent of the reuniting of alkylation induced breaks, the overall 

repair process would appear to be minor. In view of the immense quan

tity of cotyledonous DNA present and the ample amount of mutagen ap

plied, a greater degree of DNA synthesis would be expected to prevail 

over the time interval investigated. 
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Distribution profiles upon examination failed to reveal a mole

cular weight shift over time towards a heavier size (Table 7, Figure 

14). The interpretations drawn from these data should be approached 

with caution. It could be that there exists limitations on accurately 

measuring any minor degree of repair with the crude experimental sys

tem applied. If present, the rejoining of DNA probably occurs less 

extensively than the natural degradation of cotyledonary DNA simultan

eously occurring at this time, thereby limiting the resolution of the 

gradient profiles. A further complication may be that the diluting 

effect of fragmented DNA from dying seeds composited through this time 

aids in concealing any possible minor mean shift in the DNA distribu

tion arising from repair activities. 

The data taken into consideration with the evidence that cell

ular repair activities may differ substantially in contrasting tissues 

of the same organism (Goth and Rajewsky, 1974) would partially tend to 

support the contention that chromosome strand rejoining (if present in 

cotyledonous tissue during early germination) is low in magnitude. The 

results derived at this juncture are founded on the premise that the 

enhancement of thymidine incorporation in mutagenized cotyledonary 

tissue portrays nuclear repair synthesis. This investigation does not 

alleviate the likelihood that a portion of the labeling variations for 

both treated and non-treated seedlings may originate from non-nuclear 

sources. 
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Field Experiment 

Evaluation of Control and 
Mutant Populations 

Despite the distinct suppression of development displayed by 

EMS treated seedlings during early germination, surviving M^ plants 

nurtured within the greenhouse after the first month showed comparable 

plant vigor to that of control plants. At the conclusion of seven 

months, mean plant height and boll number for M^ plants were similar 

to or exceeded the performance of the control. 

Numerous studies have disclosed the mutagenic capacity of EMS 

to generate genetic variability in plant populations (Ehrenberg et al., 

1965; Joshi and Frey, 1967; Doll, 1972). Substantial genetic variation 

for several characters was recorded to be released in the M£ generation 

for EMS mutagenized hexaploid oats (Abrams and Frey, 1964). 

The M2 population in this study was characterized as possessing 

a larger magnitude of phenotypic variation than the control for all 

traits analyzed as reflected through the coefficient of variation 

(Table 8). Phenotypic changes in quantitative characters are derived 

from modifications in the genetical, environmental and their interac

tion variances. Since the variance components were not individually 

analyzed, the specific nature of this increased dispersion remains un

known. 

Mutations expressed for quantitatively inherited traits may on 

occasions be equally distributed in a positive and negative direction 

(Hayashi and Shiojiri, 1958; Krull and Frey, 1961). The absence of 



Table 8. Quantitative components of the control and ̂  cotton. 

Character Population n x + s Range 
Coefficient of 
Variation % 

Total reserve Control 12 67. ,05 + .56 66.24 - 68.81 2.17 
Capacity EMS 28 67. ,35 + .31 64.58 - 70.09 2.18 

Crude protein, Control 12 32, ,21 + 1.64 29.12 - 36.69 6.60 
o dry weight EMS 28 32. 97 + 1.09 27.14 - 40.94 8,02 

Crude lipid, Control 10 35. .19 + 1.23 32.1 37.9 4.83 
dry weight EMS 26 34. ,56 + 1. 11 26.6 - 29.4 7.94 

Seed weight Control 9 126. ,59 + 3.96 120.25 _ 134.08 4.00 
(mg) EMS 16 124. . 70 + 3.25 113.07 - 137.40 5.03 

Height 
• 

Control 10 110. ,08 + .76 94 _ 127 11.84 
(cm) EMS 35 115. ,57 + 1.35 74 - 154 15.18 

Dry weight Control 10 321, .14 + 5.85 177 _ 454 22.70 
(grams) EMS 37 339, .03 T 3.21 106 - 550 31.70 

Total Control 9 38, .0 + 5.32 23 49 22.92 
Harvestable EMS 33 41, .3 + 3.91 13 - 77 31.78 
Bolls 
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skewed population curves for the traits under consideration in this 

study tend to support this finding- As an example, an equal number of 

M2 plants deviated negatively and positively beyond the 99% confidence 

interval of the control mean for total reserve capacity. When combined 

the extremes represent approximately 15% of the mutagenized plants'an

alyzed. 

Slight but statistically insignificant increases in plant 

height, total harvestable bolls per plant, plant dry weight, and crude 

protein percentage were also recorded for the 1^ population. 

EMS treatment has been previously revealed to change simple 

correlations between traits in Pisum sativum (Dudits and Sutka, 1970). 

The phenotypic correlation coefficients for nine pairs of char

acteristics in the are presented in Table 9. The mutagenic applica

tion strengthened slightly the positive correlation between total plant 

bolls and plant dry weight and the anticipated negative correlation 

between crude seed protein and crude seed lipid. The treatment sig

nificantly weakened the association between seed weight and crude seed 

protein. Within the mutant population under study, greater seed size 

was independent of higher crude seed protein levels. This is graphic

ally depicted in Figure 16. 

Regression analysis of protein percentage on seed weight in 

control plants revealed that each milligram change in seed weight was 

related to an average increase in crude protein of .359 percent. 

Dumanovic et al. (1970) have comparably recorded a lack of 

correlation between protein content and 1000 grain weight in EMS muta

genized wheat lines. 
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Table 9. Coefficients of correlation in the control and generation. 

Control EMS 

Pair of characteristics rx/y rx/y 

Total plant bolls - Plant dry weight +.835* +.888* 

Seed weight - crude seed protein +.817* -.085 

Crude seed protein - crude seed lipid -.674* -.893* 

Total plant bolls - crude seed lipid -.015 + .184 

Plant dry weight - crude seed protein -.118 -.182 

Seed weight - crude seed lipid -.162 + .083 

Total plant bolls - crude seed protein -.284 -.084 

Plant dry weight - crude seed lipid -.389 + .258 

*Significant at 5% level. 
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Other mutagenized material has been shown to possess a signifi

cant negative association between mean single grain weight and grain 

protein accumulation (Tanaka and Takagi, 1970). 

To investigate the statistical nature of seed crude protein and 

crude oil percentage as a function of several combination of variables, 

multiple regression analysis was employed (Table 10). Two altered rela

tionships were documented. 

Seed weight alone accounts for 67% of the variability in per

cent crude seed protein in control plants. Plant dry weight accounts 

for but 2%. Seventy percent of the variability in crude seed protein 

is attributed to the joint expression of plant weight and seed weight. 

Due primarily to a lossening of association in EMS plants for 

seed weight and percentage crude seed protein, seed weight and plant, 

dry weight jointly produces only 4?o of the total variability in crude 

seed protein percentage. 

Data from the joint regression analysis indicates that basic 

photosynthetic capacity, as reflected in plant dry matter production 

and seed weight, is of greater importance in determining crude protein 

levels in the control when compared to mutagenized seed tissue. Plant 

dry weight and seed weight (when analyzed in association) effects a 

substantial quantity of the variability in seed protein percentage for 

control plants. 

The derived multiple regression equation for control plants is: 

Y = 0.003 X: + 0.365 X2 - 13.44 

where X^ is the plant dry weight and X^ represents the seed weight. 
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Table 10. Multiple coefficient of determination for the control and M2 
populations. 

Characteristi cs 
Dependent Independent 
Variable Variables Control 

% 
EMS 

Seed crude 
lipid percentage 

Plant Dry 
Weight 

Seed weight 
15.23 7.04 

Seed crude 
protein percentage 

Plant dry 
weight 

Seed weight 
70.57 4.01 

Seed crude 
protein percentage 

Total plant 
bolls 

Seed weight 
75.40 1.51 

Seed crude 
lipid percentage 

Total plant 
bolls 

2.65 4.38 
Seed weight 
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This equation infers that in nonmutagenized plants seed protein 

increased an average of 0.365 percent for each milligram change in seed 

weight and only 0.003 percent for each change in gram of plant dry 

weight. 

Total plant bolls and seed weight combined explains 75% of the 

variability of seed protein in control plants. In the EMS treated pop

ulation the multiple coefficient of determination is but 1.5%. The 

regression model for the control follows: 

Y = -0.025 X1 + 0.396 X2 - 15.61 

Where represents the boll number per plant and X2 the seed weight. 

The derived regression model for control seed protein, plant boll num

ber and seed weight above, projects a 0.396% increase in seed protein 

per unit increase in seed weight. A decrease in crude seed protein 

percentage of 0.025 is expected as boll number per plant is intensi

fied by one. 

The effective partitioning of photosynthate to sink areas will 

dictate the overall growth and composition of these sites. Scanty in

formation exists in the literature concerning the translocation effi

ciency of metabolites and photosynthates following mutagenic treatment. 

In one reported instance, the distribution of assimilates in barley 

appeared to be impaired following irridiation, thereby affecting the 

root to shoot growth ratio (Ehrenberg and Von IVettstein, 1955). 

In this study cotton were not suppressed on a mean basis 

for plant dry weight, boll number and crude seed protein percentage 

when contrasted against the control. Although seed set per boll be

tween the control and mutagenized plants was not recorded, visual 
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assessment indicated comparable seed number per boll. Thus EMS treated 

material on a population basis appeared to maintain a noimal transloca

tion of assimilates to major sink regions. However, on an individual 

plant basis it was assessed the seed crude protein percentage for 

plants was not as dependent as the control on the movement of photo-

assimilates into the seed. It is not known where the uncoupling of the 

seed's protein content and size relationship was exerted. It may be 

the export of specific photoassimilates as nitrogenous compounds from 

the assimilating tissue to the cotyledonary amino acid pools was modi

fied thereby influencing protein anabolism. It may additionally 

originate from alterations in the physiological or biochemical proc

esses which eventuate during the reserve protein accumulation phase in 

developing cotyledons (Smith, 1973; Flinn and Pate, 1968). 

Both qualitative and quantitative differences in the protein 

banding patterns has been reported in X-ray induced Pisum mutants 

(Gottschalk and Muller, 1970). 

When seeds of mutagenized plants displaying a high of 40.94 

and a low of 27.14 percent seed crude protein content were analyzed 

electrophoretically,they failed to express any qualitative modifica

tions in seed soluble protein banding patterns from control plants 

(Figure 17). This finding is similar to that recorded for EMS muta

genized wheat (Bhatia et al., 1970). Although an increase for alcohol 

soluble and alcohol insoluble endosperm protein fraction in the M2 

occurred, none of the extreme plants examined during their investigation 
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Figure 17. Zymogram of soluble dormant seed protein 
from control and M2 plants exhibiting high 
and low total seed protein. 
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revealed any qualitative variation in their electrophilic banding pat

terns. 

The possibility of quantatative modifications of individual 

protein bands in the cotton seeds existed in this study but was not 

pursued. 

Cytological Examination of Two 
Morphological Mutants 

Progeny from the two plants designed EMS^ and EMS^ segregated 

into two discernable classes. One class called type one exhibited a 

distinct stunted morphology characteristic of the parental plants, with 

shrunken and nondehist anther sacs being very apparent during the course 

of juvenile growth (Figures 18 and 19). During the latter developmental 

stages male fertility became only partially restored. The other class, 

type two, was composed of normally growing plants possessing plump de

hiscent anthers with viable pollen (Figures 18 and 20). A Chi-square 

test of the data indicated an adequate fit to the segregation ratio of 

1:1 for type-1 and type-2 progeny within each EMS^ (.90 - .70) and EMS2 

(.50-.30) populations. 

A breakdown at various stages of pollen production including un

differentiated anther tissue stages, microsporogenesis and production 

of the developed pollen grain may originate male sterility. Male steril

ity may arise either chromosomally, physiologically or genetically fol

lowing mutagenic treatment. The most likely source of mutagen induced 

semi-sterility is chromosome aberations originating duplication-

deficient gametes during meiosis. 
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Figure 18. Field view of M3 plant types segregating 
from EMS1 and EMS2. 



Figure 19. Mutant morphology of type one progeny 
recovered from EMS^ and EMS2* 



j| 
Figure 20. Normal morphology of type two progeny 

recovered from EMS, and EMS„. 
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It is recognized that many chemicals normally produce struc

tural chromosome changes such as deficiencies and arrangements on a 

minute scale, and only rarely induce gross chromosome aberations which 

are commonly associated with radiation. 

EMS has been reported to produce chromosome breakage in Vicia 

faba (Ramanna and Natarajan, 1966). The breakage was established to 

be infrequent, confined to be centromeric regions and failed to orig

inate gross structural abnormalities such as translocations. 

Sato and Gual (1967) attributed a large degree of sterility 

arising for their EMS mutagenized material in advanced generations to 

gene mutations or small chromosome deficiencies. 

Cytological examination of pollen mother cells at metaphase I 

revealed the semi sterile or type-1 progeny from both EMS^ and EMS£ 

possessed a duplication-deficiency type of chromosome interchange in

volving two nonhomologous chromosomes. The interchange complex was 

very evident at metaphase I and consisted of frying pan configurations 

or chains of four chromosomes plus twenty four bivalents (Figure 21). 

Additionally, it appeared from the types of quadrivalent that were 

formed and the chromosomes involved that the duplication-deficiency 

interchanges in the type 1 plants of both EMS^ and EMS2 were identical, 

i.e., both arose from a common source. 

Plants showing normal growth and complete male fertility dis

played the expected formation of twenty six bivalents at metaphase one 

(Figure 22). 



Figure 21. Meotic chromosomes at metaphase one from 
type one plant heterozygous for the duplication-
deficiency. The arrows point to the associated 
bivalents involved in the chromosomal inter
change . 
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Figure 22. Meotic raetaphase I bivalents of type 
two plants. 
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A simple scheme was devised to resolve the events necessary to 

produce the cytological and morphology segregation data secured for 

cotton. 

It is speculated the EMS treatment induced breakage between two 

nonhomologous chromosomes resulting in a simple reciprocal interchange 

in at least one plant in the generation. Although a phenotypic ob

servable position effect caused by translocation has been established 

in Oenothera, normally simple reciprocal interchanges do not modify the 

morphology of plants (Catcheside, 1947; Burnham, 1977). The observa

tion that all plants within this investigation appeared visually 

normal is consistant with this finding. 

The segregation of four chromosomes involved in a reciprocal 

translocation gives rise to six classes of gametes (Figure 23). Due 

to the polyploidy nature of cotton it is assumed all classes of gametes 

are potentially transmittable through the female gametophyte but rarely 

by the male gametophyte. Unbalanced gametes due to gene deficiencies 

are aborted in the male gametophyte. 

Providing there is absence of directed orientation, selfing of a 

translocation heterozygote will originate eleven genotypic classes in 

nearly similar occurrance. 

It is hypothesized that the chromosome types of either class 

three or four constitute the duplication-deficiency interchange found 

in EMS^ and EN^. The combined expected occurrance for these genotypes 

is 17%. When selfed each class will perpetuate two female gametophytes 

which carry normal or duplicate-deficient chromosomes but only one type 
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of male which carries normal chromosomes. The derived progeny should 

therefore consist of two segregating classes in equal numbers. One 

class will acquire the standard chromosomes arrangement and are phen-

otypically identical to normal plants. The other class will have 

duplicate-deficient chromosome arrangement and exhibit phenotypically 

a suppressed morphology. 

The atypical development visually detectable in field grown 

progeny of EMS^ and EMS2 was likely associated with the elimination 

from the genome of critical genes arising from the interchromosomal 

structural aberrations. Due to the unbalanced gamete class, a reduc

tion in pollen fertility of at least 50% is expected in plants compris

ing this category. 

Deficiencies are usually lethal when in the homozygous condi

tion. This is particularly true for diploid organisms. A seed 

viability test for EMS^ and EMS2 revealed that in both cases 4% of 

the seeds planted failed to germinate. It is speculated a small 

percentage of the unbalanced male gametes fertilized unbalanced fe

male gametes thereby originating a lethal genotype homozygous for the 

duplication-deficiency. It is felt this event is reflected in the 4% 

mortality in the germination trial. The transmittance frequency of 

this duplication-deficiency through the male therefore stands at four 

percent. 



SUGGESTIONS 

Several techniques have been routinely employed in the studies 

on the properties of repair replication. These methods rely upon the 

incorporation of bromo deoxyuridine (BUdR) into the DNA of the system 

being evaluated prior to the analysis of repair. The limitations placed 

on the labeling of the cotyledonary DNA made this type of methodology 

unsuitable. 

An attempt within this investigation to employ direct nuclei 

lysing on the sedimentation gradient proved unsatisfactory. It is pre

sumed its failure stemmed from the presence of contaminating cotyle

donary cellular components which interfered with DNA sedimentation. 

A procedure was ultimately chosen which sacrificed DNA size for 

sample purity. With this protecol profiles were noted to be highly 

concentration dependent. In addition, during the DNA isolation a sub

stantial magnitude of fragmentation resulted. Though totally intact 

DNA is not a criterion for monitoring in vivo rejoining of strand in

terruptions, as DNA length is reduced through mechanical breakage, the 

precision of detecting template reconstitution likewise diminishes. 

The measurement of strand breaks through gradient analysis 

presents many technical hazards. An alternative approach where ultra-

centrifugation is bypassed has been reported (Ahnstrom and Erixon, 

1973; Ahnstrom and Edvardsson, 1974; Rydberg, 1975). Its successful 

institution in detecting strand breaks and their repair in human 
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fibroblasts exposed to methyl methanesulphonate makes this procedure en

couraging. The assay is established on the accelerating effect of DNA 

strand breakage on the rate of helix separation under alkaline condi

tions . 

Providing intact nuclei can be extracted from Gossypium tissue 

without adhering cellular debris this procedure may prove more accurate 

in accertaining the scope of DNA damage than conventional sedimentation 

analysis. 

More recently in v'tro assays have been designed by investi

gators allowing for the characterization of repair components when 

these factors are removed from the complexity of their cellular environ

ment (Thibodeau and Verly, 1977). These assays may provide a convenient 

biochemical approach suitable for detecting the presence and activity 

of endonucleases specific for DNA apurinic sites. 
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