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ABSTRACT

The purpose of this study was to determine if starch gel 

electrophoresis could be used to detect isozyme differences between 

the grapes of ’Superior Seedless' and one of its clones.

A total of 12 enzymes were assayed using this technique. 
Isozyme differences were found in two of these enzymes— Catechol 
Oxidase and Esterase.

These differences have led the author to conclude that genetic 

differences exist between ’Superior Seedless’ and its clone and that 

these differences are discernible by using.starch gel electrophoresis.

vii



CHAPTER 1

INTRODUCTION

Much work has been done to improve agricultural production.
The success is evident by the fact that American farmers now produce 
54 percent more on three percent fewer acres than they did a genera

tion ago (U.S.D.A. 1978). More improvement is needed, however, if we 

are to continue to feed a rapidly growing world population. According 

to Hanway (1978, p. 6), "Recently there has been much clamor for more 
basic research to increase food production. With the instrumentation 
and techniques available today, scientists are giving us new insights . 
into the metabolism of plants and the genetic control of specific, 
systems." Basic research is needed to.provide information which can be 

applied to improving crop productivity.

Varietal improvement has and will continue to be one of the 

most effective methods of reducing crop losses from weeds, diseases and 

insects (Hanway 1978), Varietal improvement relies upon the propa

gation of superior strains of plants. To develop these superior 

strains of plants, genetic heterogenity must exist and must be identi

fiable. Often visible characteristics alone are not a true indication 

of genetic makeup as several genotypes may result in the same pheno

typic expression. Phenotypic expression may also be affected by 
Climate and cultural operations.
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Identification has become increasingly important since the 

Plant Variety Protection Act of 1970 which grants patents to the de
velopers of new plant varieties. The rationale behind the law is to 

provide plant breeders with a return on their research investment.
An objective method of identifying genotype would be* very-helpful to 

breeders. It would assure patent protection to both breeders and 

users and provide incentives for breeders to continue to improve crops.
Gel electrophoresis has been used since 1955 to study genetic 

variation in many organisms (Brewbaker et al, 1968), Proteins are sep
arated; by; their electrical charges to form bands, These bands form 
a distinctive "fingerprint" and thus can be used to distinguish var

ieties (Wolfe 1977).
With this in mind, the author chose to. research the topic 

of identifying, and quantifying enzymatic variability of closely re

lated grape cultivars through gel electrophoresis.

Need for the Study

Grapes rank as the number one fruit crop worldwide (Baker 

1978) and much research has been done to improve their desirable 
characteristics (Winkler et al. 1974). Breeding has exploited their 

natural genetic instability in order to develop cultivars 

adapted to different climatic conditions and resistant to specific 

pests.,
The Plant Variety Protection Act of 1970 has provided a mone

tary incentive for breeders to develop new and improved strains. It 
has, however, also created a need for a fast, reproducible, objective



means to quantify the similarities or differences among cultivars„

This method could be used in identifying new cultivars and in settling 
disputes once cultivars have been patented.

Starch gel electrophoresis has been used to study genetic vari

ation and provide a ’’fingerprint” in many organisms. The technique 

was modified for grapes by Wolfe (1977); however, the specificity of 

the method for closely related cultivars is still in question and this 
was the problem the author researched. The grapes used were clones 
that had berries of similar appearance but that ripened two weeks apart 
and were therefore phenotypically different.

Statement of the Problem

The purpose of this study was to determine if starch gel elec

trophoresis can detect enzymatic differences between grape clones of 
the ’Superior Seedless* cultivar.

Objectives

The following objectives were identified to assist in accom

plishing the research problem.
1. To describe the starch gel electrophoresis procedure used to 

determine enzyme differences in grapes.
2. To determine if the starch gel electrophoresis enzyme assay 

is accurate enough to register enzymatic differences between very 
closely related, but phenotypically different, clones of grapes within 

a single cultivar. .
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Assumptions

Due to the specific nature of this study, certain factors 
were assumed to be true and were not evaluated, although the author 
recognized these elements as basic to the internal validity of this 
study.

1. The starch gel electrophoresis techniques as described in 1977 
by Wade Wolfe's Ph.D. dissertation (University of California, 
Davis) is currently the best method to use for determining 

enzymatic differences needed for establishing genetic dif

ferences in grapes.

2. The samples of grapes were from vines that had been exposed 

to similar environmental conditions and cultural practices.
3. The grapes were picked at similar stages of ripeness.

Delimitations
Because of the samples available for testing and the time frame 

used during this study, the findings of this study were subject to the 

following delimitations:
1. The only grape variety tested was 'Superior Seedless' and its 

earlier ripening clone.

2. Only fresh berries that were refrigerated from time of harvest 

until the electrophoresis was performed were tested.

3. The procedure, equipment and chemicals used were those avail

able to the author at The University of Arizona, in 1980.



Limitations
The following factors were listed as possible threats to the 

internal validity of this study:

1. The condition of the ’Superior Seedless' grape clone samples 

contained some mold, but every attempt was made to obtain 
clean, healthy tissue.

2. Variations between chemical lots may have influenced 

concentrations.

Method of investigation 

A random sample of ten berries each was selected from the 

’Superior Seedless’ grapes and its clone. These grapes were washed 

to remove external mold and healthy clean tissue was selected. These 
tissue samples were ground in a blender for two minutes and the en

zymes extracted by centrifugation with an enzyme extraction buffer.

The: supernatant was absorbed onto paper wicks'and inserted 

into a previously prepared starch gel. A tris-based buffer was placed 

in the reservoirs at either end of the gel with a thin sponge bridging 
the gap between the gel and buffer. The gel and buffer were then 

subjected to an electric current for three to four hours. Afterwards, 

the gel was cut into six thin slices, each of which contained a sample 

from both ’Superior Seedless’ and its clone. Each gel slice was 

stained using a different stain for each enzyme observed. The above 

process was repeated until a total of 12 enzymes were assayed.

The presence or absence of each particular enzyme was deter

mined visually and measured in relation to the front. The information 
thus gathered is presented in Chapter 4 in tabular form.



Definitions
Certain terms which may not be familiar to the reader are d e 

fined below as they are used in this study:
Clones: Grapevines grown from a single initial mother, vine.

In this study, the clones being tested are from the ’Superior 

Seedless' grade and are phenotypically different.

Cultivar: A cultivated variety that is asexually propagated.

Front: The brownish border on the starch gel that indicates how
far the tested solution has moved under the influence of the 

electrical current.

* Superior Seedless1 Grape: A named cultivar of grape that is the
result of a cross between the ’Thompson Seedless’ and ’Cardinal’ 

cultivars. '

Variety: Plants within a single species but having some specific,

genetically transmitted characteristic that sets them apart from 

the rest of the species.



CHAPTER 2

REVIEW OF LITERATURE

This study focused on the utilization of a proven laboratory 
procedure, starch gel electrophoresis. The purpose of this chapter is 

to provide the reader with a background on electrophoresis, in general* 
and starch gel.electrophoresis, specifically. In reviewing the pre

vious studies related to this research, the following topics were dis

cussed: Development of electrophoresis; types of electrophoresis;
starch gel electrophoresis; electrophoresis in genetics and electro

phoresis in the plant sciences.

Development of Electrophoresis 

Electrophoresis is one of several electrokinetic phenomena 

involving the relative motion of substances through liquids under the 

influence of electricity:. Putnam (1973) credits Von- HeCLmhol tz as the 

originator of the eZectroMnetie: theory, in. 1880. Since then,, various 

electrophoretic techniques have been developed. Electrophoresis was 
first used for the study of inorganic electrolytes; however, its 

greatest use has been in the study of proteins (Putnam 1973).

Types of Electrophoresis 

There are three main types of electrophoresis: Microelectro

phoresis, moving boundary and zone electrophoresis.



Because of its ease of use (Walton 1979)$ the author selected 
zone electrophoresis as the technique to be used in attempting to de
termine isozyme differences between clones of ’Superior Seedless’ 

grape. Zone electrophoresis also has the advantage of "freedom from 

quantitatively important boundary anomalies, the possibility of pre

paring electrophoretically discrete proteins, and adaptability to small 

quantities" (Smithies 1955, p. 629). In zone electrophoresis, the 
solution to be studied is put on a porous support such as filter paper, 

cellulose acetate sheet or a starch or aerylamide gel. An electric 
field is applied and different components migrate at different rates, 

depending on their charge,, forming distinct zones. These zones- are 
'then identified by stains (Walton 1979).

Starch Gel Electrophoresis 

In order to correlate the results with earlier work done on 

grapes (Wolfe 1977,, Mielke 1980), the author chose to use the starch 
gel method of electrophoresis developed in 1955 by 0. Smithies 
(Brewbaker et al. »1968). The two zone electrophoresis methods 

then available were not:entirely satisfactory. With the filter 
paper electrophoresis of Kunkel and Tiselius (1951), it was difficult 

to get a narrow band and to overcome absorption effects. With the 

starch grain method used by Kunkel and Slater in 1952 (Smithies 1955), 

it was cumbersome to make serial sections sufficiently thin.
This meant neither method had adequate resolving power. The ob

ject of developing a new substrate was to combine the advantages of 

low absorption characteristic of the starch grain method with the



convenience of protein detection by staining in the filter paper method 

with the resolving power of Tiselius' moving boundary method 
(Smithies 1955).

Once this rapid, simple, dependable method of separating com
plex mixtures of proteins had been developed, it was found to have wide 
application in enzymatic studies. The term zymogram was proposed in 

1957 to describe the strips in which the location of enzymes is"demon

strated by bis tochemical means.

Electrophoresis in Genetics 

It became apparent early that an important contribution of 

electrophoresis would be in genetic studies. "Genetically controlled 
^fiatlbns "in the Beta-globulins of normal human and cattle sera have 

been demonstrated by starch gel electrophoresis" (Giblett et al. 1959, 
p. 1589). A major effort of. genetics in the past 60 years has been to 

characterize the amounts and kinds of genetic variation existing in 
populations (Hubby and Lewontin 1966). Before electrophoresis, the 

study of genetic variability was unsatisfactory. It was only rare that 
genes, when homozygous, yielded morphological changes. In other words, 

it was impossible to equate phenotype with genotype (Gottlieb 1975).

Electrophoresis is based oh the theory that any mutation should 

result in a change in an amino acid. Some percentage of these will ’ 

change charge and will, therefore, act more like simple Mendelian 

genetics (Hubby and Lewontin 1966). The fundamental metabolic ac

tivities of Organisms are yery similar. Enzymes, catalyzing the same
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reaction are foutid in different organisms and different tissues within 
the organism. When tested, these enzymes, even though, catalyzing the 
same reaction, are found to have different molecular structures. The 
term isozyme was proposed in 1959 (Markert and Miller 1959) to de

scribe these multiple molecular forms within the family of closely 

related but distinguishable molecular types of enzymes. The high re

solving power of gel electrophoresis makes it an effective indirect 

tool for determining chemical relatedness of polypeptides (Barber 
et al./ 1968).

From the first introduction of gel electrophoresis, however, it 
was realized that only some fraction of amino acid substitutions were 

discernible. There was uncertainty if the actual amount of genetic 

variety was under or overestimated (Gottlieb 1975). It was never 
clear how many genotypes were grouped into single phenotypic classes 
(Bamshaw et al. 1979). First, it was felt that electrophoretic variants 

were rare. MacClurer concluded that, theoretically, 75% of all mutants 

were not detectable through electrophoresis. The "Charge Ladder" 

hypothesis proposed by Ohta and KimUra in 1973 assumed that only charge 
substitutions were detectable, meaning that only 28-30% of the mutations 
would be discernible. (Shaw. 1965), However, these theoretical arguments 
Were of academic interest only arid evidence has pointed toward 

the view that electrophoresis can detect a much larger percentage of . 
variation (Pierce and Brewbaker 1973). This lends support to Kimura 

and Crow’s (1964) "Infinite Alleles" hypothesis that predicts 

electrophoresis can detect nearly all variation. "Electrophoretic 

analyses show clearly that isozyme pattern and intensity are specific
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to the plant part or tissue and to maturity or developmental stage" 

(Pierce and Brewbaker 1973, p. 17). Other factors influencing in

tensity and sometimes patterns are mineral nutrition, cold temperature 

hardening and disease infection. Because of this, it is critical to 
use comparative tissue of similar developmental stage. This researcher 

also points out that proper techniques throughout electrophoresis are 
imperative to secure clear band separation.

Ramshaw et al. (1979) performed aerylamide,gel electrophoresis 

on human hemaglobin in which the amino acid sequence had already been 

worked out crystallographically. They found electrophoresis detected 

85-90% of the substitutions. They concluded electrophoresis was ex

tremely accurate in detecting genetic variation in blood, but that 

further work was needed on other molecules to extend their findings.

Electrophoresis in the Plant Sciences 

Much of the early electrophoretic work was done on the serum 

of normal human adults. In fact, a large percentage of electrophoresis 

has been done on blood (Smithies 1955, Giblett et. al. 1959,

Kristjansson 1963).
Until the 1970's, the number of studies of genetic control of 

isozymes in higher plants was small compared to animals (Scandalios 

1968). Schwartz, in I960, chose to use maize as a subject for genetic 
studies. His choice was based on the suitability of maize for genetic 

studies, rather than a particular interest in the genetics of maize 

itself. .
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Most other electrophoretic work done on plants during this time 

was also performed on maize (Scandalios 1968). Barber et al. (1968)» 
as well, as working on tricinae, described Hart and. Bhatia’s work using 
gel electrophoresis to elucidate the taxonomy of triticinae.

Since this time, electrophoresis has been put to practical use 
on many crops for purposes ranging from determining the protein content 

of wheat (Butaki and Drozek 1979) to the causes of discoloration in 
shredded lettuce (Ali 1978).

The author’s objective was to determine if enzymatic differences 

existed between two clones of grapes within a single cultivar. Elec
trophoresis has been used for cultivar identification on a number of 

different crops including cereal grains (du Gros and Wrigley 1980), 

soybeans (Payne and Koszykowski 1979), barley (Bassiri 1976), wheat 

(Zillman and Bushuk 1979), alfalfa (Quiros 1980), peanuts (Basha 1979), 

poinsettia (Werner and Sink 1977) and roses (Kuhns and Fretz 1978).

In 1977, Wolfe used starch gel electrophoresis to determine the genetic 
background of various wine grapes. He chose to use the starch gel 

buffer system described by Scandalios in 1968, based upon the Smithies’ 

technique developed in 1955.
Wolfe (1977) determined grape berries provided better reso

lution than leaves. He modified the extraction techniques used with 

annual plants to minimize the tannins and oxidative enzymes which are 

potent enzyme inactivators in woody perennials.
Zone electrophoresis has been in existence since the 1930’s 

and has been used as a research tool in many different disciplines.
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However, it is only in the last ten years that it has been used ex
tensively on higher plants. Today, it is being applied to an in

creasing number of practical uses in various crops,, thus this is. the 
topic the author has chosen to research.

I



CHAPTER 3

, MATERIALS AMD METHODS

The procedures followed to accomplish the objectives of this 

study are described in this chapter as follows: (1) Buffer prep

aration; (2) Gel preparation; (3) Sample preparation; (4) Electro

phoretic migration; (5) Stain preparation; (6) Preservation; and 

(7) Data collection and analysis.

Buffer Preparation
The preparation of all the buffers which were used as solvents

for the gel, sample and stains are described in this section. The

entire set of eight buffers was prepared in sufficient quantity to

perform the research prior to starting the actual experiment. The
name of each buffer is underlined and its preparation described by the
molarity of its components*.

Buffer A
.05M Tris '
.0076M Citric Acid

Buffer B
.038M Lithium Hydroxide 
.19M Boric Acid

Homogenization Buffer
.35M Phosphate pH 7.3
.OIM Cysteine ;

*See Appendix for source of chemicals.
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Extraction Buffer

.01 M Phosphate pH 7.0 

.01 M Cysteine
2% (weight/volume) Peg (Polyethylene Glycol 4000)

Acetate Buffer
.10M Sodium Acetate 
.10M Acetic Acid

These two solutions (sodium acetate and acetic acid) were com
bined and agitated while being monitored with a pH meter (Beckman ex

panded scale fB--metfer) to- reaelw the specilSie pff necessary fbr each stain.

, Tris-Hydrochloric Acid pH 8.5 
..10H. Tris 

6.OH Hydrochloric Acid

The hydrochloric acid was added to the solution while it was

being agitated and measured by a. pH meter to adjust the pH to 8.5.

Tris-Hydrochloric Acid pH 8.0 
.10M Tris 

6.ON Hydrochloric Acid

The hydrochloric acid was added to the solution while it was

being agitated and measured by a pH meter to adjust the pH to 8.0.
Phosphate Buffer pH 6.5

.10M Potassium Phosphate 

.10M Potassium Phosphate Dibasic
The two solutions were mixed, while being measured by a pH

meter, to reach a pH of 6.5.

Gel Preparation

The starch gel used, in this electrophoretic research was the 
substrate upon which the separation and migration of the enzymes takes 

place. Careful preparation of the gel. was important to achieve the 

uniform, consistent substrate required for dependable results. The 

amounts and typesof materials needed were:
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27.5 ml Buffer B 

247.5 ml Buffer A 
34.0 g Starch (Connaught Hydrolyzed Starch)

These materials were combined by the following method:

Buffer A and Buffer B were mixed to form the gel buffer. The starch ' 

was combined with 75 ml of the gel buffer in a one liter vacuum flask. 

The remaining gel buffer was brought to a rapid boil and then added to 

the starch mixture. It was found to be vitally important that the 
starch and gel. buffer should be rapidly agitated by hand during this 

entire process. The gel was evacuated with a high vacuum pump (Marvac 

Scientific Manufacturing Company Model 2AAR2) and agitated until large 

bubbles formed in the gel mixture. The mixture was then poured into 
an acrylic gel form (16xl8x.09 cm). Small air bubbles and undissolved 

starch were removed with disposable pipets. The gel was covered with 
a glass plate and allowed to cool overnight.

Sample Preparation

The:sample was defined as the berries to be tested and the 

buffers needed to extract the enzymes for testing. This section , 

describes the method used to prepare these samples inserted 
into the starch gel for the electrophoretic migration. The following 

materials were required for preparing the sample:

10 berries from each clone 
50 ml homogenization buffer 
Distilled water 
4 ml extraction buffer

These materials were prepared in the following manner:
During sample, preparation, the. temperature of the samples and all



equipment and solvents which came in contact with the samples were 

maintained at 0oC on ice to keep oxidation to a minimum*

Ten berries were selected from each clone. They were washed 
and cut into eighths, removing and discarding any moldy tissue. The 
berries from one clone and one-half the homogenization buffer were 
homogenized in a Waring blender with a 20-200 ml Eberbach Corp. chamber 
for two minutes at high speed. The homogenate was filtered through 
four layers of cheesecloth and the filtrate divided equally into two 

30 ml centrifuge tubes. These tubes were, marked to indicate which 

clone was being sampled. The homogenates were then spun in a refrig

erated Sorvail, centrifuge (Model RC2-B) for ten minutes at 10,000 g.

The resulting supernatant was decanted and discarded. The pellet was 

rinsed with chilled distilled water then rehomogenized with 2 ml of 

the extraction buffer with a glass rod and combined into one tube for 

each clone. This was then centrifuged for 20 minutes at 20,000 g.

The supernatant was decanted and stored on ice in capped tubes until 

used.

Electrophoretic Migration 
This section describes the procedure in the electrophoretic 

process which was responsible for separating the sample into enzyme 

bands. As used in this study, enzyme bands refer to. the- stained 
portion of the zymogram that indicates the presence of a particular 

enzyme.
The sample supernatant was absorbed onto 16, 6mm x 8mm paper 

. wicks (Whatman filter paper #4)y 8 for each clone, and placed into a 
cut made in the gel, according to the following diagram:



18

GELn

CLONE A CUT, ORIGIN
/N

CLONE B
5 cm

\l/
RESERVOIRS---

FIGURE 1

The electrode reservoirs were each filled with 150 ml of 

Buffer B and were bridged to the gel with thin sponges moistened in 

the buffer.

The gel was kept covered and refrigerated at 2-4°C during 

electrophoresis. The wicks were left in the gel with no electric 

current applied for a ten minute equilibration period. The electric 

source (Buchler Instrument Company Model #3-1014A) was then attached 

to gel form apparatus and 300 volts (with approximately 60 milli- 
amperes) of electricity applied. After ten minutes, the wicks were 
removed and the electrophoresis continued at 300 volts until the front 

had moved 8 cm past the origin (3-4 hours). The apparatus was checked 
every 15-30 minutes to be certain that the proper voltage was main

tained. At the conclusion of the migration, the ®  end of the gel
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was cut off at the front and the corners trimmed diagonally to provide 
a reference for sample location. The stains were, prepared (see fol
lowing section) while the electrophoresis was underway. Just prior 
to staining, the gel was cut into three slices horizontally and in 
half vertically with the direction of the electrophoretic flow. This 

provided six identical gel slices for staining. The horizontal cuts 

were made first using six pound test fishing line and the gel mold 
supports as guides. The horizontal cut was made with a knife.

Each slice was placed in a petri dish and assayed for a differ

ent enzyme using the stains which are described in the next section.

Stain Preparation 

The stains described in this section were specific for each 

underlined enzyme. The materials required and methods used to prepare 

them are described below;
Alcohol Dehydrogenase (ADH) and Indophenol Oxidase (IPO)

The following materials were needed for this stain:

20 mg Nitro Blue Tetrazolium 
20 mg NAD4"
5 mg Methosulfate 
100 ml .10M Tris-Hydrochloric Acid, pH 8.5 
2 ml 95% Ethanol

The first three compounds were dissolved in the tris- 

hydrochloric acid and then the ethanol was added just prior to staining. 

The gel and stain were placed in a chromatographic drying oven (Pre

cision Scientific Company) and stained at 35 C for 1-2 hours in the 

dark. This same oven was used for all stains requiring these conditions.



Acid Phosphatase (HP)

Materials;
100 mg -naphthyl Acid Phosphate

2 ml 50% Aqueous Acetone 
100 ml .10M Acetate pH 4.0 
.5 ml 10% Magnesium Chloride 

100 mg.Fast Garnet GBC Salt
The cK -napthy! acid phosphate was dissolved in the acetone. The

magnesium chloride was dissolved in the acetate, and then the salt was

added to this second solution. These two solutions were combined

just prior to staining and the gel stained with them at 35°C in the

dark for 1-2 hours.
Catalase (CAT)

Materials:
90 ml Distilled Water 
10 ml .lOM Sodium Thiosulfate 
.75 ml 30% Hydrogen Peroxide 
Distilled Water 
.50 g Potassium Iodide 
.50 ml Glacial. Acetic Acid

The first three chemicals (water, sodium thiosulfate and hy

drogen peroxide) were combined. The gel was soaked in this solution 

at 20°C for ten minutes. The last two chemicals (potassium iodide 

and glacial acetic acid) were combined. The gel was thoroughly rinsed 

with distilled water and then soaked in the second solution until 

white bands were well-defined.

Catechol Oxidase (CO) -

Materials:
300 mg Catechol 
50 mg p-Phenylenediamine.
100 ml .10M Acetate pH 4.2

All materials were combined just prior to staining and the gel 

.stained with them at 20°C for 30-60 minutes.
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Esterase ■

Materials:
100 mg (A -naphthyl Acetate 

2 ml Acetone 
100 mg Fast Blue RE, Salt 
100 ml Phosphate Buffer pH 6 .5 -

The first two chemicals ( -naphthyl acetate and acetone)

were combined and then the second two chemicals (fast blue KR salt

and phosphate buffer) were also combined. Both solutions were mixed

just prior to staining the gel with them' at 35°C in the dark for 1-2
hours.
Glutamate-oxalacetate Transaminase (GOT)

Materials:
200 mg Aspartic Acid
200 mg OV -keto glut aric Acid.
100 ml .10M Phosphate „

4 N Potassium Hydroxide 
150 mg Fast Blue BB Salt 
225 mg Pyridoxal-5-Phosphate

The first two acids were dissolved into the phosphate buffer

and the pH adjusted to.7.6 using 4 N potassium hydroxide. The final
two chemicals (fast blue BB salt and pyridoxal-5-phosphate) were added

to the first solution just before staining. The gel was stained at

35°C in the dark for one hour.

Leucine Aminopeptidase (LAP)

Materials:
20 mg,L-Leucyl-B-Naphthylamide
5 ml Dimethyl Formamide 
50 mg Black K Salt

100 ml .10M Phosphate Buffer pH 6.0 
.5 ml 10% Magnesium Chloride

The first two chemicals (L-leucyl—B-napthylainide and dimethyl

formamide) were combined. Then the next three (black K salt, phosphate
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buffer and magnesium chloride) were added to each other. These two
solutions were mixed just prior to staining and the gel stained at

3S°C in the dark for 30 minutes.
Malate Dehydrogenase (MDH)

Materials:
700 mg L-Malic Acid 
100 ml .10M Tris

6 N Hydrochloric Acid 
20 mg MTT 
20 mg NAD
5 mg Phenazine Methosulfate

The L-malic acid was dissolved into the tris and the pH adr 

justed to 8.0 using 6 N hydrochloric acid. The MTT, NAD"*" and phena— 

zlne methosulfate were added to the first solution just prior to 

staining and the gel stained in the dark at 35°C for two hours.

Malic Enzyme (ME)

Materials:
500 mg L-Malic Acid .
100 ml .10M Tris

6 N Hydrochloric Acid,
20 mg MTT
10 mg NADP*
5 mg Phenazine Methosulfate 
1 mg 10% Magnesium Chloride

The L-malic acid was dissolved into the tris and the pH ad

justed to 8.0 with the hydrochloric acid. The MTT, NADP+ and phena

zine methosulfate were dissolved into the above buffer. The magnesium 

chloride was added just prior to staining and the gel stained at 35°C 

for two hours. This stain was combined with MDH.
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Peroxidase (PER)
. " «

Materials:
100 mg 3-Amino-9-Ethyl^-Carbazole 
5 ml Dimethyl Formamide 

100 ml. .lOM Acetate, pH 5 .0 
2 ml .10M Calcium Chloride .
.5 ml. 30% Hydrogen Peroxide

The first two chemicals (3-amiho-9-ethyl-carbazole and dimethyl

formamide) were combined. The next three (acetate, calcium chloride .

and hydrogen peroxide) were mixed and added to the first solution just

prior to staining. The gel was stained in the dark at 35°C for 30-60
minutes.

Preservation

The gels Were preserved so they could be kept ,fer future 
use. HP, ADH-IPO, CO, LAP, MDH, ME and PER were preserved in 50% 

Aqueous Ethanol. GOT and EST were preserved in 50% Glycerine. The 

gels were refrigerated to preserve their usefulness: throughout the 
experiment.

Data Collection and Analysis 

The data were collected and analyzed by a qualitative obser

vation on the migration of enzymes. The presence or absence of enzyme 

bands in each sample was noted as were any particularly vivid or faint 

bands. The band location in relation to the front was quantified with 

a metric scale. The results were recorded in a laboratory book and 

are presented in Chapter 4 in tabular form.



CHAPTER 4

RESULTS AND DISCUSSION 

Results

This chapter presents the results of the starch gel electro
phoresis performed on the grapes of ’Superior Seedless * (A) and its 
clone (B). The objective of the experiment was to determine if, be
tween the two clones, there were, any isozyme differences that could 

be used to objectively establish whether or not there were genetic 

differences. The results are presented alphabetically by enzyme in 

tabular form below. There is-a^taMe1-for each ejisyme. The rF sub

heading designates reference to the front and indicates the location 

of an isozyme band by a percentage figure. A ©  indicates that, a 

band is present and a ©  indicates that a band is absent. Partic

ularly faint bands are noted.

In Table 1, the data on the acid phosphatase enzyme assay are 
presented . The data show that there was no dif f erence between 'Superior 

Seedless’ - A and ’Superior Seedless’ - B for the enzyme acid 
phosphatase. This indicates no genetic differences could be 

discerned using this enzyme assay.

The data on the alcohol dehydrogenase enzyme are presented in

Table 2.

24
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TABLE 1— Band Presence and Location for the Enzyme Acid Phosphatase

rE*.
Clone .33 .36

’Superior Seedless' - A -h +

'Superior Seedless' - B

*rF = Reference to the front as a percentage figure.

TABLE 2— Band Presence and Location for the Enzyme Alcohol 
Dehydrogenase

rF
Clone .31 • 46

’Superior Seedless1 - A +

'Superior Seedless’ - B -K ' : +
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The; enzyme assay done for alcohol dehydrogenase demonstrates 

there was no; difference, between ’Superior Seedless.'?-r A and,
'Superior Seedless' — B for this particular enzyme.

Table 3 presents the data collected for the enzyme assay for 
catalase.

TABLE 3— Band Presence and Location for the Enzyme Catalase

rF
Clone .07

' Superior Seedless' —  A ,+„• ' • '

'Superior Seedless' - B - +  ' ' ' ' -

The data in this table show there were no isozymei differ

ences between ’Superior Seedless' - A and 'Superior Seedless' - B in 

the catalase enzyme. f
Table 4 illustrates, the data collected for the enzyme catechol 

oxidase. The data shown in Table 4 indicate that for this enzyme 
there was a catechol oxidase band present in 'Superior Seedless ' - A 

at .40 which is absent for 'Superior Seedless' >  B.

The esterase enzyme assay data are presented in Table 5.
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TABLE 4— -Band Presence and Location for the Enzyme Catechol Oxidase

Clone .19 .24
rF

.30 .36 .40 .46
* Superior Seedless' — A + + 4- +' 4-, +
’Superior Seedless’ — B + > 4- 4- - +

TABLE 5— Band Presence and Location for the Enzyme Esterase

rF
Clone .63 .90

’Superior Seedless’ — A — ' —

’ Superior. Seedless ’ - B + 4- -
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These data show there, were banding pattern; variations be

tween ’Superior Seedless’ — A and ’Superior SeedlessT - B. The 

1 Superior Seedless * — B has two additional bands at .63 and .90 that 

are absent in the ’Superior Seedless * — A clone. This indicates 
there are genetic differences between the two clones which were dis
cernible through the esterase enzyme assay.

Table 6 shows the data gathered, in the glutamate-oxalacetate 
transaminase enzyme assay.

TABLE 6— Band Presence and Location for the Enzyme Glutamate-; 
oxalacetate Transaminase

rF
Clone .29 .36 .45(z)*

'Superior Seedless’ — A + +

* Superior Seedless' — B + + +-

*Z- =- Very, faint

The data indicate band locations for ’Superior Seedless* - 

A and B in the GOT enzyme analysis were identical.

The data presented in Table 7 - f o r  the enzyme assay per
formed for indbphenol oxidase. For this enzyme, indophenol oxidase, 

the data show there were no band differences between the: clones.
In Table 8, the results of the assay for the enzyme leucine 

aminopeptidase are presented.
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TABLE 7--Band Presence and Location for the Enzyme Indophenol Oxidase ,

rF
Clone .54 .66

’Superior Seedless' - A —

'Superior S e e d l e s s B ' —

TABLE 8— Band Presence and Location for the Enzyme Leucine 
Aminopeptidase

rF
Clone .55 .64

" 'Superior Seedless' - A 4-

' Superior Seedless * — B ' + "■



These data indicate that there were no isozyme differences for 
leucine aminopeptidase between the two clones.

The: data for malate dehydrogenase are illustrated below in

Table 9.

T&BlE 9— ^Band Presence and Location for the Enzyme Malate Dehydrogenase

rF
Clone . .49

'Superior Seedless' - A +
'Superior Seedless' — B +

These results demonstrate that there were no banding pattern 

differences between. ’Superior Seedless’—  A and 'Superior Seedless’ — B. 

for the enzyme malate dehydrogenase.
Data, on the enzyme assay for malic enzyme are illustrated in. 

Table: 10 « These; data indicate, the malic enzyme banding patterns were, 
identical: for; ' Superior Seedless' - A: and, 'Superior Seedless' - B.

The data, collected froto the enzyme assay for peroxidase, are 
depicted in Table 11. These data indicate there were no band dif

ferences in the peroxidase enzyme between 'Superior Seedless’ - A and 
'Superior Seedless' - B.
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TABLE 10— Band Presence and Location for the Malic Enzyme

rF
Clone .21 .

’Superior Seedless’ - A +
* Superior Seedless’ — B +

TABLE 11— Band Presence and Location for the Enzyme Peroxidase

rF
Clone .40 .71

’Superior Seedless’ - A + +

’Superior Seedless’ — B + +



Discussion

From the data presented in this chapter, it. is apparent that: 

between * Superior Seedless? — A and ’Superior Seedless * - B there were; 

only two isozyme differences. ’Superior S e e d l e s s B  has an addi
tional band in the esterase enzyme assay at .63 and .90 not 

present in * Superior Seedless * - A. Ihere was also a banding pattern 

difference for the catechol oxidase enzyme wherein a band at .40 was 
present for * Superior Seedless * - A but was absent in ' Superior 

Seedless * — B .
The banding patterns for all other: enzyme assays performed 

were identical indicating there- were no- other.■isozyme.differences.
Use of esterase and catechol oxidase enzyme assays were?, the 

only tests necessary to determine if there are any isozyme differ

ences between ’Superior Seedless* — A and its clone —  B.



CHAPTER 5

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the summary, conclusions and recom
mendations based' upon the, findings described in; Chapter; 4.

Summary of Findings

The main objective of this study was to determine if starch 

gel electrophoresis is sufficiently accurate to register isozyme 

differences between the grapes of ^Superior Seedless* and one of its 

clones which are closely related but phenotypically different grapes 

within, a single cultivar .
It was found; starch" "gel.Velecttophoresis did,: deteet isozyme 

differences between. ’Superior Seedless* — A and its clone - B. These 

differences existed in the-, catechol oxidase enzyme, wherein * Superior 

Seedless — A had a band present at .40 that was absent in ’Superior

Seedless* - B. The other variation was in the esterase enzyme.

* Superior Seedless’ — B had two additional bands that ’ Superior

Seedless* - A did not possess. These bands were at .63 and .90.

Conclusions

Based upon the findings of this study, the following con

clusions were drawn;
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1. iStarch gel electrophoresis is a laboratory procedure that is 

sufficiently accurate to detect isozyme, differences between 

the grapes of ’Superior Seedless’ and its cione.

2. This research has shown it: is possible to distinguish between

_ ’Superior Seedless’ - A and its clone — B when grown under

similar conditions and picked at similar degrees of ripeness, 
by performing enzyme assays for just two. of the 12 enzymes 
tested-— esterase and catechol oxidase..

3. This researcher has concluded that the variations in isozyme 

banding patterns are not: due to environmental conditions or 
cultural practices and. are therefore most likely genetic in
origin. Their particular characteristics probably could be

transmitted- through asexual propagation.

Recommendations

The- findings of this study have several implications for the 

use of starch gel electrophoresis in grapes:
1. W e n  varietal determinations among ’Thorapspn Seedless', 

'Perlette* and 'Superior Seedless’ and its clone are necessary, 

starch gel electrophoresis can be used with confidence.

2. It should be. pointed out a researcher must exercise caution 

in obtaining comparable grape Samples. They should be samples 

exposed to similar environmental conditions and with similar 

degrees of maturity in order to obtain dependable results.
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It is suggested that pollen be tested using starch gel electro

phoresis to ascertain if the results will be consistent when 

other plant parts are used.
The possibility of developing a starch gel electrophoresis tech
nique which would be applicable to green leaves should be 

studied.
The study should be repeated under varying environmental con

ditions and cultural practices to determine.whether the results 

would be influenced.



APPENDIX A

SOURCE OF CHEMICALS USED FOR THESIS RESEARCH 

Chemical Source*

Acetone, AR B
<3t -Ketdglutaric Acid SC
©S -Naphthyl Acetate SC

-Naphthyl Acid Phosphate SC
Aspartic Acid SC
Black K Salt ICN
Boric Acid M
Calcium Chloride . M
Catechol ' SC
Citric Acid M
Connaught Starch JTB
Cysteine FS
Dimethyl Formamide SC
Fast Blue BB Salt SC
Fast Blue KR Salt SC
Fast Garnet GBC Salt SC
Glacial Acetic Acid M
Hydrochloric Acid M
Hydrogen Peroxide M
L-Leucy1-B-Nap thyamide SC
L-Malic Acid SC
Lithium Hydroxide GFS
Magnesium Chloride SC
MTT SC
NAD+ SC
NADP+ SC
Nitro Blue Tetrazolium SC
Poly Ethylene Glycol 4000 JTB
Phenazine Methosulfate SC
P-Phenylenediamine SC
Potassium Hydroxide M
Potassium Iodide M
Potassium Phosphate JTB
Potassium Phosphate Dibasic M
Pyridoxal-S-Phosphate SC
Sodium Acetate M
Sodium Thiosulfate M
B-Amind-9'-Ethyl-Carbazole SC

, Tris , SC
36
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*JTB = Jo T«. Baker Chemical Co.» Phillupsburg, New Jersey 
FS = Fischer Scientific Co,, Santa Claras California 
1CN" = 1CN Pharmaceuticals , Inc. , Plainv$ew>. New York 
M = Mallinckrodt Chemical Works, St= Louis, Missouri 
SC = Sigma Chemical Co., St. Louis, Missouri 
GFS = G. Frederic Smith Chemical. Co., Columbus, Ohio
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