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CHAPTER I

INTRODUCTION

Since 1900 and the rediscovery of Mendel’s laws, the 

study of genetics has been a constant Influence upon the 

development of the biological sciences. Genetics, in its 

study of heredity and variation, gives a nucleus around 

which the various phases of fields of biology orbit.

It has long been said that "like begets like", but 

the questions of how life perpetuates itself, how races or 

species could arise and be maintained and yet show a certain 

amount of variability could nnly be answered by a scientific 

knowledge of the basic factors of life.

The scientific knowledge we now nave is the result of 

years of work and experimentation by many persons. A pre

requisite to the study of genetics as such, was the discovery 

of the egg, sperm, and of fertilization. In most organisms 

the reproductive cells are too small to be seen with the 

naked eye; so it wasn’t until after the invention of the 

microscope that sexual reproduction could be understood.

Bird eggs can easily be seen to be produced In the ovaries, 

but the tiny vesicles on the surface of the ovaries In manroals 

were not recognized as eggs until de Graaf in 1673 proved 

that they were.1 At about the same time, Malpighi in Italy

iEdmund L. Sinnott, Principles of Genetics, (New York: 
MeGraw-Hill Book Company, 1958), p. 5.
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and Swammerdam in Holland identified the much larger eggs 

of insects, while Leeuwenhoek and his student Hamm used 

their newly developed microscope to examine seminal fluid 

and found it swarming with "animalcules", which we now
p

refer to as spermatozoa.

The knowledge of fertilization—the union of an egg 

and sperm to form a new individual—was obtained only 

gradually. Leeuwenhoek noted the association of the sperm 

with the egg in 1680; Spallanzani in 1785 obtained off

spring from artificial insemination of dogs. He also 

filtered the seminal fluid of frogs and toads and proved 

that the presence of spermatozoa was indispensable for 

fertilization; the liquid in which the spermatozoa were 

suspended did not suffice. The culmination step was taken 

ninety years later when, in 1875, Oscar Hertwig observed 

in sea urchins that fertilization involves the sperm 

nucleus with that of the egg.2 3 4

Weismann (1892) and Roux (1905) were profoundly 

impressed by the orderly complexity of mitotic cell di

vision. They concluded that this process was concerned 

with the substances responsible for biological inheritance. 

This led to the inference that the hereditary materials 

are borne in the cell nuclei and their chromosomes.^

2Ibid., p. 6.

3Ibid., p. 7.

4Ibid.t p. 15.
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The problem of the development of the individual 

was beginning to be worked on also about this same period. 

During the 17th and 18th centuries the theories of Preform

ation and Epigenesis were most popular. In the 19th century 

Darwin’s ’’provisional hypothesis of pangenesis” and 

Lamarck’s advocation of the inheritance of acquired char

acteristics were further efforts to explain why ’’like begets 

like”. The basic laws these theories were searching for 

come to us first through the Augustinian monk, Gregor Mendel, 

who experimented for seven years with the garden pea. His 

result, along with the generalizations we now call "Mendel’s 

Laws" were presented at two mettings of the Natural History 

Society of Brunn In the spring of 1865, The significance of 

Mendel’s work was not realized until 1900 when three scient

ists separately working with the problem found Mendel’s work, 

which had been all but forgotten, and proclaimed its im

portance .

Mendel’s Laws are basic to genetics but as the science 

developed exceptions to the strict laws were observed and 

experiments wereperformed to explain these violations.

In genetic experiments it is important to have organisms 

that breed rapidly, are easy to raise, and produce a large 

number of offspring.

In the years 1902-1904, W. E. Castle and his students 

at the Bussey Instatute of Harvard University found Droso

philia melanogaster easy to culture; he subsequently drew 

chan to the attention of T. H. Morgan at Columbia University



for his critical studies of Medelian heredity.5

About 1911 Professor Morgan began to use these flies 

in his genetic studies. Since that time work with this 

fly has been greatly extended. A large collection of 

lines of Drosophllia showing various heritable characters 

has been accumulated, and this serves as invaluable ma

terial for genetic studies.6 Many basic principles have 

first been established in Drosophllia and then in other 

organisms.

These organisms were first described by Fallen in 1823 

The name ’’Drosophllia’' means ’’dew lover” but these flies 

have been variously known as fruit flies, pomace flies, 

sour flies, and vinegar flies because they are generally 

attracted by fermenting fruit or vegetable products and 

especially by fermenting fruit yeasts associated with 

such decaying plant matter. Most species are general 

scavengers, fruit feeders, sap feeders, or fungus feeders.7

Drosophllia melanogaster is the species most widely 

used for genetic-linkage studies and it has numerous 

laboratory advantages: 1) easy to culture on yeasted 

nutritive media, 2) large number of progeny for good stat

istical treatment, 3) rapid life cycle (about eleven days

5Eliot B. Spiess, "Drosophilia,” Encyclopedia of the 
Biological Sciences, 1961, p. 313.

6M. Demerec and B.P. Kaufmann, Drosophilia Guide, 
(Washington D.C.: Carnegie Institute of Washington, 1957), 
p. 2.

7Spiess, "Drosophilia", p. 313.
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at 25° C .) , 4) only four pairs of chromosomes, 5) giant

salivary gland chromosomes with constant banding pattern 

for ease in cytological mapping of mutant loci and for com

parison in break points of aberrations, 6) parallel with 

vertebrates in possession of chromosomal sex determination 

(male XY, female XX), and 7) lack of crossing over in 

males so that whole linkage groups may be held intact.8 

It has well been said that Drosophilia is nature’s gift 

to the geneticist.

As mentioned, Drosophilia is desirable because of 

its rapid life cycle. Embryonic development occurs within 

the egg membranes. Subsequent stages In the life cycle 

include the larva, pupa, and adult. The duration of these 

stages varies with the temperature. Thus, the average 

extent of the egg-larval period at 20° C. is 8 days; at 

25° C. It is reduced to 5 days. At 20° C. the pupal life 

is about 6.3 days, whereas at 25° C. it is about M.2 days. 

So, at 25° C., the life cycle may be completed in about 

10 days, but at 20° C. about 15 days will be required.®

The egg of Drosophilia melanogaster is about 0.5 

millimeter in length. The dorsal side is flatter than 

the somewhat rounded ventral surface. They have an outer 

investing membrane, the chorion, and extending from the 

anterodorsal surface is a pair of filaments which keep

8Ibid., p. 313.
Q
Deveree, Drosophilia Guide, p. 3.
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the egg from sinking into soft food on which it may be

laid.

The larva, after hatching from the egg, undergoes 

two molts, so that the larval period consists of three 

stages or instars. In the final stage or third ins tar, 

the larva may attain a length of about 4,5 millimeters.

The larvae are such intesely active and voracious feeders 

that the culture medium in which they are crawling becomes 

heavily channeled and furrowed. Also, we may note here, that 

it is from the salivary glands of the third instar larva 

that the relatively enormous chromosomes are obtained 

by means of which various chromosomal rearrangements or 

alterations can be recognized.

When the larvae are preparing to pupate, the creep 

from the culture medium and adhere to some relatively dry 

surface, such as the side of the bottle or some paper 

toweling which has been inserted in the culture media. 

Drosophilia pupates within the last larval skin, which 

is at first soft and white, but slowly hardens and dark

ens In color. The transformation undergone during the 

pupal period culminates in the development of an Individual 

having the body form and organs of the adult. When these 

changes have been completed, the adult emerges by forcing 

its way through the anterior end of the pupal case. At 

first the fly is greatly elongated, with the wings unexpanded. 

Within a relatively short time, however, the wings expand,

\

\
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and the body gradually attains the more rotund form of 

the adult. Upon emergence, flies are relatively light 

in color, but they darken during the first few hours.

It is thus possible to distinguish the more recently 

emerged flies from the older ones present in the same 

culture bottle

As a rule, females do not mate within 12 hours after 

hatching and they do not lay eggs until they are two days 

old. The females retain the sperm which they recieve 

during a mating and utilize it in the fertilization of 

a large number of eggs. When good culture conditions 

are maintained, flies live for several weeks and are 

fertile as long as they live.11

10Ibid., p. 5.

•Ibid., p. 10.



CHAPTER II

Explanation of the Cross

In Drosophllia, eye color is considered to be a sex- 

linked character, that is, the gene for eye color Is found 

on the X chromosome. For wild flies the normal eye color 

is red phenotypically and either WW or Ww genotypically. 

The capital letter indicating the dominate red allele and 

the small case letter representing the recessive allele 

for white eye color.

In the cross of a normal red eyed dominate female 

(WW) and a white eyed male (wY) we should obtain all red 

eyed individuals, eg.

WW
red female

x wY
white male

Gametes

*1

W

Ww
red female

w Y

WY
red male

Of the Fj- individuals we know that the male genotyp

ically is WY for it has red eyes which Indicates the dom

inate allele is on the only X chromosome present.

The F^ females are known to be Ww for one X chromosome 

came from each parent and the female parent had only WW—

X chromosomes and the male only w—X chromosomes. This 

Fl female genotype may also be demonstrated by a backcross 

to the recessive parent.

In this case we would obtain a normal Mendelian ratio

of 1 red female; lred male; 1 white female; and 1 white
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male, eg.

?2 Ww

Gametes W

F? Ww
red 
female

X wY

w Y

WY ww wY
red white white
male female male

These two crosses are the control cross and control 

backcross respectively of my experiment.

Once in about every 2,000-3,000 Fi offspring there 

is a genetic accident in that the two X chromosomes pre

sent in a female may fail to disjoin at the meiotic div

ision as they should normally do. This "primary nondis

junction’’ leads, then to the production of eggs with two

X chromosomes and of eggs with no X chromosomes.Thus 

Mendel’s first law, his law of segregation is violated 

and there is consequently a resultant ratio which is dif

ferent from that expected in the normal situation. Dia- 

graniatically the cross would be:

?! XX X wY

Gametes X-X 0 w Y

Fl X-Xw
super
female
inviable

X»XY
female

wO
male

Y0
inviable

Here we are under the assumption that the attached 

X chromosomes will remain together. It is obvious that

12Sinnott, p. 154.
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the offspring of this cross have highly irregular geno

types. One individual has three X chromosomes and is 

considered a superfemale which usually dies. The one 

viable female has the attached X chromosomes and a Y 

chromosome. The individual having only a Y chromosome 

dies and the male having only one X chromosome is con

sidered to be sterll®.13

The experimental cross and backcross of the X-XY 

females in analogous to the control cross and backcross 

with the resultant ratios being different from the normal

situation:

P2 X-XY
red
female

Gametes X-X

F2 X-Xw
super
female
dies

x wY
white
male

Y w Y

X-XY Yw YY
female male dies

In this cross the viable offspring are the parental 

types in a 50:50 ratio and they demonstrate secondary 

nondisjunction.

Theoretically now we should obtain 50:50 tatios of 

red females : white males in both the primary cross and 

backcross of the females having secondary nondisjuncted 

X chromosomes. This is to be verified by experimentation. 

In this instance the primary and backrross are identical 

due to only exact parental forms being obtained.

l3Xbid.



CHAPTER III

Significance of the Cross

The Hypothesis of Sutton and Boveri that the behav

ior of chromosomes at meiosis provides the mechanism for 

segregation and independent assortment of genes, (if it 

is assumed that the genes are located in chromosomes), has 

been amply verified by subsequent research. Microscopic 

observations on cell division, fertilization, and meiosis 

have shown that despite multiform variations in detail, 

these processes are remarkably similar in essential fea

tures throughout the plant and animal kingdom. The phe

nomena of Mendelian segregation, from which the existence 

of genes if inferred, have also been observed in the most 

diverse groups of organisms. However, the chromosome 

theory of heredity, as it came to be called, was proved 

not by the general parallelism to which the earlier work

ers had called attention but by new data obtained from 

breeding experiments accompanied by cytological examinations 

of the material of the experiments. The crucial evidence 

was that in which an association was proved between a spe

cific chromosome identified under the microscope.

As mentioned, Suttwn and Boveri put forth the general 

hypothesis that Mendelian genes are borne in enromosomes, 

but Morgan was the first to associate a specific geen with 

a specific chromosome visible in microscopic preparations.
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In the course of breeding experiments with the normal wild 

red type of Drosophilia, Morgan found one individual with 

white eyes. This gave rise to a true-breeding strain of 

white-eyed flies. Subsequent breeding experiments of 

these flies and the red-eyed wild flies led to the demon

stration of sex-linked inheritance. In explaining the 

inheritance of white eye color in Drosophilia, it was 

assumed that the gene for white eyes is located in the 

X chromosome and that the Y chromosome carries no normal 

allele for white eye color.

Morgan’s identification of the microscopically visible 

X chromosome as the seat of the genes for white eyes and 

for other sex-linked traits in Drosophilia was still based 

on an analogy: if one supposes that these genes are borne 

on the X chromosome, then the observed mode of their in

heritance necessarily folic 's. C. B. Bridges, a student 

of Morgan, completed the proof. He showed that, taking 

the assumption that genes are carried in the chromosomes 

as a working hypothesis, one can predict how the chromo

somes of certain flies will appear under the microscope. 

And, conversely, knowing the chromosomes, one can predict 

the behavior of certain traits of the flies in breeding 

experiments.

When Bridges made the crucial experiments, the re

sults came out as predicted. He published an account of 

his work in 1916 in a classical paper entitled ’’Nondis-
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junction as Proof of the Chromosome Theory of Heredity,” 

Bridges breeding experiments were the same as those

explained in chapter II with the exception that the at

tached X chromosomes carried the recessive allele for 

white eye color whereas my attached X stock has the dom

inant allele for red eye color.

14Ibid., p. 153.
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Preparation for the Cross

In order to insure the best possible results a certain 

amount of preparation was necessary. Clean, sterixxzed, 

half pint milk bottles with cotton and gauze stoppers had 

to be prepared and partially filled with culture media. The 

media used was an agar-corn meal preparation recommended by 

Dr. C. B. Bridges. The procedure is as follows: first add 

40 grams of agar-agar to 2000 cc. of water and bring it to 

a boil. At this time slowly add 200 gram3 of corn meal, 

stirring continuously. When well mixed, add 140 cc. Karo 

corn syrup and 140 cc. molasses and allow to boil slowly 

ten minutes. Care must be taken not to cook the medium 

too long, as excessive cooking will cause it to harden 

in the cooking dish, thus rendering it useless. During 

the last few minutes of cooking time a proportionate amount 

of mold inhibitor should be added depending upon the type 

used.

As soon as the medium has finished cooking, remove 

it from the fire and pour it into the sterilized bottles. 

Between one and two inches of medium us adequate.

When the medium has been poured into the bottles, 

strips of folded paper toweling cut the length of the 

bottles and treated with a mold inhibitor should be inserted 

into the medium, so that the flies will have a place on 

which they may crawl to pupate.
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After the medium has hardened and just before stock

ing the bottle with the flies, dissolve a small portion of 

yeast cake in some water and inoculate each bottle with a 

drop of this mixture.15 The yeast cells will grow on the 

culture medium and the flies eat the yeast cells.

Mold spores, which are always floating in the air, 

often get into cultures so it is of utmost importance when 

working with Drosophilia cultures to take all precautions 

against contamination. Transferring flies to or from 

cultures should be done as quickly as possible. It is 

very important that all containers, as well as the cotton 

plugs, paper toweling, and ether bottles, be well steri

lized before using. Unless this is done, good results are 

difficult to obtain.

A number of mold inhibitors are on the market, eg. 

’’Tegosept M”, "Dowicide A", and "Moldex" (sodium-para- 

hydroxybenzoic acid). For my experiments, 1.5 grams of 

Moldex dissolved in 5 cc. of 85% alcohol was used per 

1000 cc. of culture medium and for the treatment of the

paper toweling.

The stock used was, as already mentioned, white-eyed 

males (wY) and red-eyed attached females (X-XY) . The at

tached X females being the result of primary nondisjunction.

Correct handling and sexing of the flies is important 

if one is to obtain accurate counts of the offspring.

15The Culture of Drosophilia Flies and Their Use in 
Demonstrating Mendel*s Law of Heredity, Turtox Service 
Leaflet No. 15, (Chicago, Illinois, 1959) p. 1.
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Flies are etherized in order to keep them quiet while 

they are being examined and when they are transferred 

into culture bottles for matings. A few drops of ether 

are sufficient to etherize a batch of flies, and they can 

be kept asleep for half an hour or longer by re-etherizing 

them at intervals.

An adequate etherizer can be made from a small con

tainer with an opening of the same size as the culture 

bottles. Drive a nail part way into a cork which fits 

the etherizing bottle so that it protrudes an inch or two. 

Tie some absorbent cotton around the protruding portion 

of the nail. When the ether is to be used, a fes drops 

of anesthetizing ether are put on the cotton, flies are 

shaken from the culture bottle into the etherizer, and this

is corked so that the nail with the cotton soaked in ether 

protrudes into the container. In a few seconds the flies 

become iimtobilized. They are shaken out of the etherizer 

for examination. If the flies should begin to awake before 

the examination is complete, they can be re-etherized by 

covering thou with a flat dish, for example, a Petri 

dish, with a strip of absorbent paper or cotton fastened 

on the bottom of the inside of the dish. Precaution

should be taken not to overetherize the flies since they 

may be killed or permanently injured. In overetherized 

and dead flies, the wing3 are extended at a 45-degree 

angle.
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In examining the flies it is best to use a white 

background, and the flies are moved around with a small 

camel-hair brush or some pointed object. After flies are 

examined and recorded, they are disposed of by dropping 

them into a jar of light mineral oil or alcohol.

Male and female flies can be distinguished from each 

other by several differences. The tip of the abdomen is 

elongated in the female and somewhat more rounded in the 

male. As the female matures the abdomen becomes distended 

with eggs. In many stocks the pattern of darker markings 

on the abdominal segments are sufficiently distinct In the 

two sexes to permit their separation on this basis with

out recourse to the microscope. The abdomen of the female 

has seven visible segments, whereas that of the male five.

The males of this species possess the so-called sex combs, 

a fringe of about ten, stout, black bristles on the distal 

surface of the basal tarsal joint of the first legs. These 

bristles are lacking in the female. By these various criteria 

it is possible to distinguish the adult male from the adult 

female, either by naked eye inspection or, in doubtful cases, 

with the aid of low-power magnification.

16Demerec, Drosophilia Guide, p. 9



CHAPTER V

Expected Results of the Crosses Carried Out 
and

a Chi-Square Treatment of Those Results

In Chapter II, the explanation of the crosses, the 

expected phenotypes, genotypes, and ratios were given in 

the cross diagrams. Here we will give a brief summary of 

the expected results.

1) . The control cross of homozygous deminate red-eyed 

females and the white-eyed males should result in a 50:50 

ratio of red-eyed heterozygous females and red-eyed males.

2) . A control backcross of the foregoing females 

with the recessive white-eyed male parental type yields 

a ratio of 1 red heterozygous female : 1 red male : 1 

white female : 1 white male.

3) . The experimental cross of the attached X chromo

somes females and white-eyed males should result in a 50 : 

50 ratio of red attached females to white males.

*+) . A backcross of the red attached females with the 

recessive white-eyed male parental type yields a 50 :590 

ratio of parental types.

In 1900, Karl Pearson, developed the Chi-Square or 

Goodness of Fit Method, as a statistical method to deter

mine the probability of getting an observed ratio which 

is slightly different from an expected ratio. The Chi- 

Square formula is:
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x— (Observed - Calculated)2 
X2 - / Calculated

Using the X2 value and the number of degrees of 

freedom (which is always one less than the number of 

classes you are dealing with), you can determine the 

probability value from a special statistical methods 

chart. If the probability value is more than 5% the 

experiment is significantly valid statistically.

A Chi-Square analysis of the control cross will be 

worked out first and the Chi-Square results of the other 

crosses will follow.

In this cross we should get a 50 : 50 ratio of red

eyed heterozygous females and red-eyed males. The experi

ments yielded 758 Individuals, of which 410 were females

and 348 were males.
2

v— (Observed -Calculated)
X2 = \ Calculated

(410-379)2
379

(348-379)*
379

X2 =

131)J
379

.W
379

961
379

2.6

Using a chart, the value of X2 « 2.6, and the number 

of degrees of freedom being 1, we get a probability value

of .10. So if we repeated the experiment many times we 

could expect just as large a deviation in 10% of the trials
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1

as we got in this experiment.

2). The control backcross should be a 1 : 1 : 1 : 1

ratio of red-eyed females : red-eyed males : white-eyed

females : white-eyed males. Of 172 Individuals we get:

, (50-43)2
X2 = 43

♦ .CW-43)2
•43

+ (40-43)2
43

+ (37-43)2
43

, izd .
= 43 43

ud +
43

(6)2
43

2.2

Here the number of degrees of freedom is 3 and the chart 

shows the probability value to be 50%.

3). The result of the experimental cross should be

a 50 : 50 ratio of red attached females : white-eyed males.

Of 606 individuals we get:

(317 - 303) 2 + (289 - 3Q3)2
X2 = 303 ' 303

(14) 2
303

392
303+

X2 = 1.3

There is just one degree of freedom and the chart 

indicates a probability value of 25%.

4). The experimintal backcross yielded 982 individ

uals having a theoretical ratio of 50 : 50 of the parental 

types.
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X2
(474 - 491)2

491
(508 - 491) 2

491

as

X2 = 1.2

Here again there is but one degree of freedom and 

the chart indicates a probability value of 28%.

The Chi-Square treatment shows all of the crosses 

to be significantly valid statistically. The experimental 

crosses all showed a slight favoritism of male offspring 

over female offspring, thus making the probability values 

somewhat low for those crosses.



CHAPTER VI

Summary, Conclusions, And Connotations

The object of this experiment was to demonstrate 

the abnormal ratios resulting from the nondisjunction 

of the X chromosomes in a female Drosophilia melanogaster.

A cross of these ’’Attached X” females was carried out and 

compared to acontrol cross of non-attached females. The 

results of these crosses was then subjected to statistical 

treatment via the Chi-Square method.

The significant? f this experiment is that it is 

quite similar to the one carried out by Dr. C. B. Bridges. 

His experiments yielded evidence which strongly substanti

ates the chromosome theory of heredity. In Dr. Bridges* 

experiments the evidence is more conclusive that that pre

sented here for lie took advantage of the attached X chro

mosomes in that he correlated microscopic cytological stud

ies with predictions of what types of offspring would re

sult. The evidence here demonstrated is based on an analogy 

in that, we assume the genes for eye color to be borne on

the X chromosomes and thus the observed mode of their in

heritance necessarily follows.

The difference between this experiment and Dr. Bridges’ 

is that in Dr. Bridges’ experiments he worked with the rare 

situation of primary nondisjunction whereas with culture 

stock of nondisjuncted females one can work only with second 

ary nondisjunction. The Fj males of primary nondisjunction
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are steril for they result from the fertilization of an 

egg having no X chromosomes (for it is still attached in 

the mother cell) by an X chromosome bearing sperm. In 

secondary nondisjunction the i'esulting males are visual 

in that they obtain their X Chromosome from their paternal 

parent and their Y chromosome from their maternal parent!

The fertility of the secondary nondisjunctive Fi males 

was demonstrated in the course of thia experiment when 

they were placed with virgin red-eyed females and, in other 

culture bottles, with their own sister red-eyed attached 

X females. In both cas»es, and in all trials ran, the 

offspring were obtained in the expected ratios.

In closing, it seems here fitting to mention the 

evolutionary conotations envolved in the fact that the 

male offspring consistently out numbered the attached X 

female offspring. Genotypically the males were a normal 

XY but the females had two X chromosomes and a Y chromo

some, thus producing the possibility of physiological 

selection pressure against the females of this particular

genotype.
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