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The Problem Stated

It is evident that almost everyone is interested in hercdity, espe-
cizlly the hercdity that is related dirsctly to their lives. It is a
subject which appeals bo all ape sroups, the adolescent boy or cirl, the
bride and groom, and the mabture person. High school students have shown
umusnal interest in gzenebics and peperally want to know more about human
heredity. However it should be noted that the aversge youth leaves high
school with very little krnowledse sbout human heredity. This is unfortu-
nate in the ligsat of the fact that completion of high school erds the

formal schooling of many students.

Bacause of these rsasons bhe writer decided to prepare a syllabus

for a unit on human heredity s school bislogye

Purpose of tnis Study

The purpose of this study is three fold: (1) to provide the writer

T o Few selected charscteristics of the

with a satisfaclory know

field of human heredity thal may be sasily commmunicated to hizh school

3 (2) to present a ceneral gulde which ﬁfula serve &s re-—

spurce mabterial for bLoachers in the teaching of human heredity on the

and (3) an attempt 4o build up a baekground of infor-

heredity and provide suflicisnt reference for the



teacher to proceed to further studies in particular areas of this topic

that he may choose.
Limitations of this Study

This study is limited by several faclors. First, since there is so
muchn literature on this subject, hence this study will be a survey of the
field rather than an attempt to thoroughly investigate it. Secondly, in
order to limit the area of study so that adeguate treatment could be given
to the ideas.presented, it has been necessary to select a few topies out
of many related and equally'important topics. Thirdly, since the mecha=-
nism of heredity is so linked with the process of reproduction, it is not
possible to getl a clear picture of heredity without some understanding of
this body function. However information on this lopic has been omitted
from this study because it is likely that most individuals who read this

report will have a basic knowledge of reproduciion.
Plan of Procedure

Generally, this study has been based mostly upon elementary litera~
ture in this fleld. Information was gathered from many different sources.
A variety of textbooks on genetics have been surveyed as well as many
other books, articles, bulletins, and other research studies devoted to
some specific area of the study of genetics.

The first part of the study has been devoted to the historical back~-
ground of cenegtics. HMendelian Laws and their application to human hered-
ity have been studied.

Throughout the study the use of hereditary characteristics in man has

been usad to illusirate such factors as mulbiple alleles, sex~determination,
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" CHAPTER 1T
HISTORICAL BACKGROUND

mdst of our knowledze in the field of genetics has been developed
since the beglmning of the present century. As we search back into the
nistory of scientific thought, however we find that speculations on the
nature of heredity are as ancient as the history of manikind.

The first accounts of definite attempts to formulate an explanation
for conception and inheritance were largely speculation, with little, if
any, support. Pythagoras, 500 BC, proposed the theory that a moist vapor
descends from the brain, nerves, and other body parts of the male during
coitus and that from this, similar parts of the embryo are formed in the
uterus of the female. This would give us some explanation of the trans-
mission of likeness from the male parent to the offspring, but leaves
unclear how the female could transmit any gqualities,

About two hundred years later Aristotle proposed thal the semen of
the male was produced from the blood, and that it was, in fact, highly
purified blood. In such a purified state, it possessed the abllity to
give forwm to a new life. The menstrual fluid of the woman was supposed
to be semen also, but the woman did not have the power 1o acheive so high
s ae

ree of purification of bleood as the man. This less purified semen

g
was supposed to furnish the hWuilding material while the male furnished the
life-givin power, which enabled this material to be formed into an embryo.

Little of importance relating to heredity was discovered, from the
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time of the Greeké until ébout the eighteenth century. The idea that both
male and Temzle must contribute somethins to the embryo, as Aristotle had
done, was recognized and some ansndments were made in these ideas.

In the latter part of the seventesnth century Anton van Leeuwenhock
with the use of his microscope, observed living sperms in the semen of
aninals. He also noted the association of the sperms with the eggs of
frogs and fishes and believed that the sperm furnished the life of the em-
bryec while the egg provided a place for the nourishment and development
of the embryoc.

Jan Swamnerdam developed the preformation theory, wialch held that the
development of the embryo was actually only the enlargement of paris that
were already present in the sperm or egg. Some scientist of this time
even imagined thalt they could see a miniature humasn beinz inside the
sperm.l

There was much disagreement with thé idea that the sperm was the sole
agent of heredity and it was pointed oul that children often show physical
characteristics which are found in the mother and not in the father.

A Dutch scientisi, Regnier de Graaf studied the ovaries of mammals
and noted the protuberances which he interpreted as eggs which were sime-
ilar to the eggs of virds. He believed that the ez breaks from the ova=-
ry, is fertilized, and makes ils way to the uterus for development.

Daring the eighteenth century a Frenchman, Pierre-Louis Woreau de
Haupertuis, thoroughly disagreed with the idea of preformation, for he
felt that a consideration of the plain facts of biparental inheritance

ruied out the idea that one parent formed a miniature preformed embryo.

1. Winchester, Genetics (Cambridge, Hasséchusetts, 1958), p. 18.



He proposed the beliefl that both parents produced semen which united dur-
ing coitus to form the embryo. The senen, he believed, was made up of
tiny particles, each of which was destined to form some specific body

part, and that two such particles, one from each parent, unite to form
each body part. Une of these might dominate the other, howsver, to make
a child more like ope parent in this one respect. AlL of this sounds very
much like the conclusions drawm by lendel over a century later.

ldany other theories were advanced such as the encasement theory which
stated thal each preformed embryo contained the still smaller preformed
embryos of the generations to come.

In the latter part of the eighteenth century Jean Baptiste Lamarck
proposed the significance of "use and disuse" and the inheritance of ac-
quired characteristics. He held, for instance, that giraffes have long
necks because they have stretched them reaching for food through the ages.
He believed it was the habits and manner of life and the conditions in
which its ancestors lived that have in the course of time fashioned its
bodily form, its organs, and its qualities.

Charles Darwin proposed the hypothesis of pangenesis. According to
this every cell, tissue, and organ produces minute pangcenes. These are
collected throughout the body by the currents of blood or other fluids
and becone a part of the germ cell. These pangenes are passed on to the
offspring and they recreate thesc cells, tlssue and organs from whence
they came, thus a child represents a blending of the gqualities of its two
parents.

August von Weismann formulated the germ plasm theory, according to
wihich all organisms possess a special germplasm which preserves itself by

repeated divisions. These germ cells were merely carried by the body and



were in no way influenced by what happened to the body during its life-
time. The hereditary factors which a person can transmit to his off-
spring are determined at the time his life begins as a single cell and
there is nothing he can do to alter the trait which may be transmitted
through his reproductive cells.

This theory does not appesl to the imaglnation as much as the idea
of the inheritance of acquired characteristics, but it is essentially cor-
rect. Many people would prefer to believe that somehow their attaimments
in life can be transmitted to their children; it seéms frustrating to
think that each individual mmst bulld each achievement anew.

In 1901, Hugo De Vries proposed his mutation theory, thalt living or—
ganisms occasionally but regularly produce new types of offspring through
sudden changes, mutations, in the heredltary mechanism. These mutations,
he believed, were a much greater factor in evolution than the small grad-
ual changes which Darwin thought to be so important. It was evolution
through a series of sudden jumps. e now know that sudden changes in the
units of heredity do take place to produce new types of organisms and that
these changes are very important in providing new characteristics for se~-
lection.

Gregor Mendel discovered the principles of heredity for which he is
called "the father of modern genetics". lendel's greatest discoveries

N

were made possible by the care with which he planned his experiments, his
careful records of all phases of his work, and the mathematical precision

with which he analyzed his results. Also he contimued his experiments

long enough to accumilate data in large enough gquantities to have statis-

23. i. Winchester, Heredity and Your Life (New York, 19
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say at this point that ho discoversd the fundamental basis for the inher-
itance of characteristics, which hold true for all forms of life. Hendel
presented the resulls of his work inm 1865. In spite of the great signif-

findings, the world took little note of his paper.

et

icance of
It was not untlil the beginning of the present cenbury that the re—~

sult of Hendels work and their great significance were (o become known to

he sclentific world. AL this time several invesitipators began checking
the literature in an effort to explain some of their own resulis from hy-

bridization, and they soon recognized the importance of lendel's work.

1

tiost of ocur present day knowledge of genetics dates from the time of this

rediscovery.

o

Within the scope of this report the writer camnot begin to mention

s

all the many outstanding men who have bulll our gepelic knowledge during
the vressab cenbury. However the work of many of them will be roferred

to in later chapters.
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In man as in othier plants and other animals, the key to an uwnder—

standing of the laws of heredity lies in an understanding of the be-

by

cell division. This is because
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havior of the chry
the units of heredily, the genes, are, with vory few exceptions, as in-
tegral part of the chrouosomes.

There ore regularly two of each kird of gene in each ccll. These

("‘

two penes are found on two differcnt chromosomes within the cell, and the-
twe chromosonmes will slwsys be sindlar to one another. The chromossmes
witnin any cell may be of different lengtis and shapes, but for every
chromosome of a given length and shape there is, as a rauls, another like
it. These are called bhomologous chromosomes, and each bears the same
type of genes in the samwe sequence. For instance if you carry a gene
wear the center of a V snaped chromosome which affccts the pigmentation
in your eyes, there will always be another Veshaped chromoscae of the
sane kind which will carry a zene Jor eye pigmentaiion at a corresponding
locus. 7Thiz is truc of all chromosomes with an exception which will be
covered in cornection with sex~detsrainstion. Thus the human chromosones
may bo grouped into bwenty-four pairs. Thesw btwenty-four poalirs are found
in all of the body cells exeept the reproductive cells, but the mature

human sperm and egp each contain only twenby-four single chronosones, one

of each of the different kinds. This condition is brought aboul through

NG
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the process of melosis. Dssentizlly the process consists of two succes-
sive cell divisions accompanied by only one splitting of the chromosomes,
resulting in a reduction in the number of chromosomes from the diploid
numbar to the haploid number.

This number of chromosomes (L48) has had peneral acceptance since
1923 however since 1956 fifteen individuals have been reported to have
L6 chromosomes. Some Japaness state that there is no doubt that this
number (L6) exists in man, but this is not the only possible number in the

species; besides individuals with L6 chromosomes, some with 47 and others

The number of Whiles and Japanese studied so farvare too small to
provide the basis of reliable estimates of the freguencies of the three
karyotypes in the two ethnie groups.

An obvious function of melosis is the maintenance of a constant chro-
mosome nuaber in the species, for without it as a consequence of fertili-
zation, there would be a doubling of the chromosome sets in each genera-
tlon. A second functlon of melosis is to serve as a physical mechanism
for the sepregation, assortment, and recombination of the genes.

A conplete discussion of the process of meiosls will not be given in
this report bDecause this information is obtalnable from almost all the
references used. It was the bhelief of the writer that simplified methods
of presenting this material to high school students would be of more
value.

In order for the student to better understand what happens to the

chromosomes wnen a cell divides a model using several strings of beads

l“Three Chromosome Numbers in @Wnhites and Japanese,” Science (June 6,
1958), 127:3310.
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may be used to represent the chromosomes.
We will assume in this model the cell has four chromosones: two
long and two short chromosomes. Use a red string of polyethylene pop-

beads to represent one cof the long chiromosomes and a green string of

<

beads to represent the other long chromosome. A shorl blue string and a

it

short yellow string represent the pair of short chiromosomes.

0DOGA000 00000000 000000 000000
rad green yellow blue

Figp. 1. The four chromosomes

The first significant thing thalt happens during melosis is the forme
ing of partnerships. The two long chromosomes come together. Also the

Lo 26

2

two short chromosomes come together as shown in Fi

red Q000000000 000000 yellow

green  0000GO0000 000000 blue

!

g. 2. The partpership

The next thing that hapnens is duplication, however, this does not
ret involve the centromeres, the bodies shown as small circles, in the
A 3 >

center of the chromosome.

red OOOOQQOOOO ‘ 00goC0o vellow
00C0000000 ' 000000

green 000030000 , Q00000 blue
0QO0QCC000 7 000000

Fig. 3. The chromosomes duplicated

In meiosis there are two divisions. FPFirst, there is the separation
of the partner chromosomes. That is to say, the original red chromosome

and its duplicate separate from the original green chromosome and its
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duplicate. The yellow chromosome and the blue chromosomes separate in a
similar manner. MNow we have two palrs of chromoscmes in each of the itwo

cells, one long palr and one short pair.

0000CO0C00 000000 OOOO%QDOOO 0GG000
OOOOd%ODOO 000030 Q00000000 Q00000
red yellow green blue
Fig. L. TFirst division in meiosis

<
In the second division in melosis there is the splitting of the cen~

tromerses., Thus in the splitting one of the red and one of the yellow
chromosomes go into one cell. The other red and yellow chromosomes go

into a second cells Precisely the same thing occurs, in the cell, with

the green and blue chromosome.

000000C0000 000000 Q000000000 000000
red yellow green blue
Cell 1 ' Cell. 2
Cell 3 Cell L
Q000CC0000 00G200 0000030000 000000
red yellow green blue
Fig. 5. Second division in meiosis

We now have four cells and each one has two chromosomes, ohe half
the mumber present in the cells from which they developed. This 1s mei-

Y

osis in its simplest forn.
ays occur like this if it were not for the fact

-t

Yelogis would alw

ndividual strands thalt make up the chromosome become inter—

L"J"
&
OL
ot
&
o
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twined and entangled. This is crossing over and will be discussed later

2N. B. Abraham et al., laboratory and Fleld Studies in Bioclogy

(Washington, D. Ca, 1957), pp. O71-673.
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in this regort.

Haturation of the male sex cell is known as spermatogenesis; matura-
tion of the female sex cell is known as oogeﬂesis; Four spermatozoa re—
sult from the maturation of one spermatogonium. The result of the two
maturation division in the female is one large cell, the ovum, and three
small, nonfunctional cells, the polar bodies.

The human ovam has twenty-four cnromosomes, and the spermatozoon has
the same nueber; thus at fertilization the chromosome number, which is
forty-eight, is restored.

There are several points a student should understand after a study
of melosis. First, the chromosomes (genes) are passed on from parent to

ooy

offspringz. ©Second, the cnronosome number is reoduced by one half when the

gametes arsg formed. Third, the chromosome number is restored at the time

f fertilization. Fourth, chance operates in reduction division and fer—

O

tilization. Fifth, each parent contributes one half of the chromosome

=
657
0
ol
—
=
ot
et

n the offspring and one of each homologous pair. Sixth, in the
offspring therse is a "mixing! and some chromosomes present in the paremnt
and grandparents will be absent.

& very likely question that wight be asked at this point is: what
is there in living organisms that cause the development of different
characteristics in humans? What we inherit is nothing more than a very
tiny bit of cytopliasm and some chromosomes.

There is "something" in the chromosome that determines these charac—
teristics called genes. Some pencblcists think of genes as separate mol-
ecules--tiny invisible chemical particles. Unfortunately, we can't see
these tiny zenes. Lo one gnows how many genes there are in a siugle hu-

man cell.
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Yo can say o.at a gene is a molecule or part of a molecule located
in & specific position in a chrowosome and is responsible for conbrolling
cerbain cheunical changes in the cytoplasm. Thus determines different
characteristics in different individuals.

In a living chromosone each gene is found only in a certain position
on the chromosome. A gene which can produce ibs effects even though the

other gens is present is known as a dominant gene. The other gene ls

&

E Y3 e ‘3 3
known &s & recegsive gence.



o conduct decisive experiments in heredity and to
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formulate bthe basic laws of genetics was Oregor kKendel. Iendel planned
carefully his experiments with sarden peas and spent two years in select-
ing races with distinciive and contrasted charvacters and in making cer-

tain tnebd each of his original stock was pure. During the next six years

he nade many croases by arbificisl pollination, sach of which was carried

throuch thrze or more penerstions. Nendel kept an acourate statistical
K3

2

record of all plants and seeds of esach kind that was produced, analyzed

A

ced the two wost important fundamental

g-:,

these resulis, and from thenm ded

The first of these lsws stetes that the factors for a pair of charac-

teristics are sopregabted. The factors responsible for a palr of alterns—-

tive or conbrasted characters are known as alleles. This can be illus-
trated by a monohybrid cross. A cross in which the parents differ in one
pair of slternative characters. It will be easy to follow if wo take a
specific case as an example. Sufficient families have been studied in
wnich it has been found that the gene for albiniswm is recessive, while
the gene farvnarmal plgmentation is domipant over it.

First lets consider o marriage bebtwecn an albino and a homozypous

normalliy~pignented person. All the individusls of the Py generation are

pigmented, no matlter which parent is pigmented and which is an albino.

15



All these children will carry the gene for albinism and can pass it on to

If one of the heterozyzous pigmented children marries a heterozygous

3 2 2 1

pigmented individual, on the average bthree fourths of the children are

plgmented and one fovrth have no pigrment in their skin. Further study of
the p“'lgf'@ would show on the averapge one fourth would be homozyzous pig-

ous pirmented and one fourth would be

pe
<

mented, ong hall would be hebterozyg
In case of 2 marrigze bGtWQdH two albipos &l the children from such
a marriage will be albinos.

1
¥

In the case of intermediate s mach

because there are no hidden genes. It 1s possible to tell ithe

genes which a person carries when they are of this nature simply
by observation of the person. For instance, if a neumber of the Caucasian
rece has wavy hair we know that he has a gene for curly and a gene for
straight hair since waviness is the intermediate expression of these two
genes.  We do not need to depend upon ancesbry in such cases.

differ from each other in iwo or more pairs of factors,

the inheritance of one palr of factors is indepsndent of that of the

strabted with a dihy-

;
k“"
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characters. This can be illustrabted by the use of two well known huzan
neritable characlers, polydactyly and atbached ear lobss. Polydactyly a

¢ 18 an exbtra finger on one hand an an extra toe

dosinant over the gene for noraal fingers and toes

e
sl

lTracy I. Storer, General Zoology (Mew T 57)s pe 156.




17
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In the case of attached ear lobes, free ear lobes are dominant over at-
tached ear lobes.

If an individual homozygous for both of the bwo dominant trails mar-
ries an individual homozyrous for the two recessive traits sll their off-
spring will be heterosyoous for esach of the two trails and will exoress
the dominant traii in each case.

If an individual heterozygous for each of the two trailts marries an
individual helerozypgous for sach of the fralbs and a large numbder of off-
spring were examined from this same type of croﬂs, on tihe average the
phenotypic results would be as follows: 9/16 polydactyl with free ear
lobe”’ 3/16 polydactyl with atbached ear lobes; 3/16 with normel finger
and free ear lobes; 1/16 with normal fincers and attached ear lobes.

The different zenotypes noted under these conditions would have been:

1/16 pure bred polydactyl and pure bred for free ear lobes, 1/8 pure bred

e

polydactyl and hybrid for free ear lobes, 1/8 hybrid polydactyl and pure

ear

('J

bred for free ear lobes, 1/h hybrid polydactyl and hybrid for fre

loboes, 1/16 pure bred polydactyl and attached ear lobes, 1/8 hybrid pol-

ydactyl and attached ear lobes, 1/16 normal fincers and pure bred for free

o

ear lobes, 1/8 normal fincors brid free sar lobes, 1/16 normal fine-

A

rers and attached ear lobes.

C“’J

This can be very clearly illustrated by using syabols for the charac-

£ : s 14 . TR ORI i Y P o
teristics and 10 scuares, filling in the genotype of sach of all possible

There are some very good class demonstrations which can be carried
on an illustrate random or chance combination. ¥For instance, if we toss

a penny in Lhe air, the chance of it falling heads is one half. The chance

(";

.

of it fallinpg talls is one half. Yel we do not think it impossible if we



toss a penny four times and get heads four btimes. If we should toss the
penny fpur hundred times, however, we would gebt a ratio very close to
1:i., This will illustrate what happens 1o a gene pair durdng nelosis.

! 3

It is Just a Lli:l chance as to which gene will be found in a given gamebe.

Two colos can ve used in he toss to illustrate ramdom or chance
combination of two objects whlch can combine in only lhrse ways. This is
essentislly what sceurs duripns fertilizatlon, when a pair of entities,
he gene palr, recombine after being separated during melosis.

Thers are three types of head-tail combisalions that might appear,
a head-nead combination, a head-tail combination, or a tail-tall combina-
tion. I a large munber of tosses were made the resulis would be aboulb
1/l head-head, 1/2 head-tail, and 1/hL tail-tail combinations.

This can also be shown by the use of red and white marbles, beans,
beads or some other small object. Place egual numbers of red and white
beans in a container on a table. In another container place equal'num~

ners of red and white beans. To minimize errors due to picking of un-

egqual mombers of red and white beans {rom the containeyr, mary more begans

o
&
&

should be provided than are nseded. This helps to insure that the chance

is not interfered with through an inbalance of colors

Ca

selection of beans
oresant in any one LHox.

Selzct a group of studenis and each will fsxe nis turn in taking one
bean from each container. DBe sure the student doss not look at the beans
as he picks them from the container. Placs the two beans next to each
other on the table., Have each student pick several pair of beans from the
containers and place them on the table. Now the group will decide into

.L

how many rows the poairs of beans can be grouped. The decision will be

based on two facts: the beans selected together must remain topether as
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daents will find there are three groups inls
eombination, red-whlbe
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can be

applicable to gen

colors are being selected.
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large number of samples are picked the
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Lhtempts of all sorts have been mede artifically to cause an unborn
child to be a male or female at will. Bub all sueh attempts have falled.

"

5 a male or female at the moment he ber

fda

The fact is a person

e
id}
[~
¥

"y

ence ay a fertilized egg,

The difference bhetween the sexes is due to a difference in their

(i

chromosomes. Of the twenty~four pairs of chromosomes in each cell of
human beings twenty-three pairs are similar in both sexes. The tweniy-
fourth pair determines the sex of the individusl. In females this pair

consists of two similar chromosomes called A-chromosomes. In males the

pair consists of one X-chrotcsome and one Y-chromosome. The Y-chromo-

some is smaller. Thas ths genolype of males is XY and the genolype of

females iz XX,

Waen reduction division takes place in the female all the esges re~

)

»

ceive an X chromwsoms. In the male, hall the sperm cells receive an X

and half receive a2 ¥. An ezg (X) may be fertilized by either an X or ¥
spern. The fertilized sggs, thersfore, will Le either IX or X¥. 4ll the

cells of the body produced by mitosis arse like the fertilized epg and are

©2

either XX or XY, szd so they develop into either a girl or a boy. Halfl

~r

the sperm cells contain an X and half a ¥. Hence, the number of fertili-
zations thalt produce gzirls (XX) and boys (XI) are about equal.

3,

However, there is a slight ineguality in the sex ratio. HMale births

20



somewhot excesd the female births —— about 100 males to 100 females.
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Several explanations have been sugrested to account

departure {rom eguality in the sex ratic. However none of the theorie

e

re supportad by any definite evidence. It has been suggested that the

fa

Y containing spersm cells can move a little faster than the ones containe
ing the ¥ chromosome and so reach the egg & little more often at the time

Lhar suppestions are

serhans the Y contalining sperm

enters the epg wore roadily afber contact then do the X conbtaining sperms.

Lol

to 100 females. At

106 to 100, but th
During childhood the rate is aboutbt 103 nales to 100 females. During the
young adult stage or the time for marriape the proportions of the two
sexes is about egual. At Tifty years of age we find that the males have
shrunk from eguality tu a point where there will be about 85 men to every
100 womer. At eighlty-five the women oubnumber men almost two to one and
at one hundred there are about {ive times as many women a5 men.

fnowledge of the X and Y chromosome has explained ceritain iraits asg-
sociated with sax, such as color blindness in man. Vomen are much less

often color blind thap men. Bat if 2 woman doos happen to be color blind,
and 17 she merries a normel many all of ner gsons are color blind but none

of her daughters arc.

Ve can readily explaln this faect with a simole illustration. The X
chronmosome conbalns peneg not only for sex bub also for other treits,

such as normal color vision, or s recessive color blind gens. We can

designete the recessive color blind gene as ¢, and its normal allele as

O & color Blind woman carries a ¢ in each of her X chromosones.e A
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Hemophilia is zlso inberited as a single sex~linked recessive. The

o

primary symptonms of the disease is an abnormal btendency to blsed because
of an extremely slow rate of coarulation of the blood. In hemophilious
the coagulabion time is greatly prolonged, varying Irom one-half hour to
22 hours or wmors, according to the severity of the discase. Thus it is

a lethal gene because 1t causes death before mabturity of the majority
individuals exprossing the gene.
The fact that ib 1s a sex-linked rocessive indicates that a female
can develop bhe disease only if she receives the gene from her father who
nas the gene and thersfore the disesse, as well as from her mother, who
mzy be heterozyzous. 1o view of the rarily of the disease, and the fail-
ure of most affected males to leave offsprings, this colncidence would
seldom happen. Thus oxplains the fact, with a few doubtful exceptions,

b %

kemophillis bas not been reporited in women.

I

The most famous pedigree of hemophilia is that of Jueen Vicitoria of
Englamd.l Victoria was neterozypous for the gene, perhaps as the resull

of a new mutation since there is no record of hemophilis awmong her ances—

TOrss.
Many false conceptions related to sgex-linkage should be corrected.
4 popular misconception is thal boys tend to inherit most of their char-
ascteristics from the mother while oirls inherit most from the {sther. It
i85 true thal = msn receives all of his sex-~linksd genes from his mother

N N

his father, bub this reprssents only aboubt one twenty-—

e
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fourth part of his total inberitance.

are often confused with sew-linked genes bul are

Llenments of Cenclics (New York, 1956), p. 2u5.




entirely different in wmethods of inheritance. OSex-limited genes are those
which produce characteristics that are expreséed in only one of the
sexes.2 They may be located on any of the chromosomes, whereas sex-—linked
genes are located on the X chromoscone. Sex-limited genes are responsible
for some secondary sexual characteristics, such as the beard on men, as
well as primary sexual characteristics.

A1l the evidence indicaltes that the expression of gsex—-limited charac~
teristics depends upon the presence or absence of one of the sex hormones.
A woman, normally does nolt have a beard, yet she carries all the genes
necessary to produce a beard, and they will express thenselves only when
the male hormeone is present. In rare cases abnormalities in hormone se-
cretion may occur in a woman and allow these genes 1o express themselves.

Sex~influenced genes are genes that are dominant in man and reces-
sive in women. Baldness 1s the only one which is commonly observed. To
determine the heredity of daughters, we treat the trait as a recessive
and to determine the heredity of sons we treal it as 2 dominant. Thus a
woman may carry bthe gene for baldness without showing 1t, and she will
pass it on to ome-half of her childfen. The sons who recelve the gene
will become bhald, but the daughters will have normal hair growth, pro-
vided the father gave them the normal gene. 4 bald man, may have only
one gene for baldness and, in this case, one-~halfl of his sons will be
bald, but all the daughters will be normal if the mother carries normal

genes. Other combination of genes for this trait can be worked out by

€2

2&. Y. Winehester, Genetics (New York, 1951), p. 122.



Sazx~linkage can be shown with pipe cleaner "ehromosomes® and test
£ XN

.

tube Peells".”™ If we use a sex~linked character such as color blindness,.

the results of the matlng of parents of any genolype can be shown. To

(&)
@
<04
5

ghow the carrier woman and normal man mating, for example, we nesd four
tecell® (test tubes) to represent the zygobtes. In addition to the cells

F o - . a4 . . v
"chromosomes", (pipe cleaners), 2i's, LxY and 2 XC. %G re-

presents the X chromosomes with the normal gene and X® represents the X
chiromosomes with the color blind gene.
1ill each test tube about 3/L full of wzter and add a little brom-

«

thymol blue indicator to such test tube and add Just enough acld or hase

Soak the xC cnromosomes in a weak solution of sodium hydroxide, and
the 1° chromosomes in aboub a 10% nydrochloric acid solubion. Do this
avout half an hour before using them. Lesve them in solubion until the
last minubte. Hemove then with forceps and place t

hem on paper towels

e '
. s 5 .wc ol o - T P 3 e R P - o
labeled X7, X7, and Y. Lake the desired cross and the resulls are as

B

A7

Deep blue

Fig. 8, Results of differsnt combinations of chromosones

A« H. linchester, Heredity and your Life (Mew York, 1%56), p. 15k.

Y%, B. Abroham et ale, la baratary and Fileld Studies in Biology
{{ashington, D. C., 1957}, p. 70%.




Hany cases are pow khown of more lhan two altsrnative factors that
affect the same character; these are called mitiple alleles. Iultiple
zllieles refers to all penes that occupy the same locus onr a chromosonme.

Une of the best examples of multiple-azlleles in man is the four
plood types called, 4. D. AB, and 0. it was found that blood cells of

man may conbain two distinet antigens. Persons with type O blood pos—

ses neither of these antigens, bul posses bhoth anti-4 and anti-3 anti-

% g

todies in the plasma. Type 4 persons have the A antigen in the red blood

m...

cell and anti-3 antibodies in the plasma. Type B persons have the B

a

antigen and anti~A antibody and people with type AB have both antigens

"?.

s

andd no antibodies in the plasma. Neither & nor B is dominani over the
other, but both are dominant to .
The genotype of individuals with type A blood could be AL or AU, of

type B elther B2 or 30, of type AB it is 4B, and of type U it is 00.

e method of inheritance of blood types is well undersiood. It i

w

gasy Lo see Irom Flg. 9 the possible blood types of children from parents

of various hHlood Lypes.

By knowing th

@

might have, one can readily follow the table and see why children of the
given Yyre are possible.

The human race is also subdivided intso thres ME blood groups; &4,

26
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N, and MN. These three have no relationship to the ABO blood group; that
is, a person of group A might belong to any omne of the three EN blood
groups. However, unlike what applies in the case of ABO groups, people
wno belong te ¥, N or MN blood groups do not contain natural antibodies
against those of another M or N group. Generally a transfusion from a

person with a different ¥ N group than the recipient leads to no compli-

cation.
BLOUD TYPE OF PARINTS POS51BLE BLOOD TY¥pPeS OF CHLILDREM

0x 0O 0
Ox A 0, &
0x B 0, B
0 x AB &y B
Ax A Ay O
4 x B 0, A, B, AB
A x AB A, B, AB
Bx B 3, O
B x 4B 4, B, 4B
AB x AB A, B, AB

Fig. 9. Possible blood types

There is another interesting ssries of multiple alleles related to
the blood known as the Hiesus blood groups or Rh blood groups. Actually
there are about eight kinds of Rh alleles but these will not be consid-
ered in this report. For simplicity and ability to explain to high school
students thie writer selected to present this material as if some people
have the Rh antigen, while others do not. Those with the antigen are des-
ignated Rh-positive; those without il Rh-negative. About 85% of the peo-
ple in the United States are Rh-positive and 15% Rhi~-negative. No one has
been found who contains the natural Anti-RBh antibody, but it has been
found that an Rh-negative person can develop these antibodies if exposed

to the Rh antigen. This is important in trapsfusion and in childbirth.

If a Bh-nepative mother and a Eh-positive father have children the



23

child may be either Rh-~negative or positive, because the hh antigen is
produced by a dominant gene., When this pgene is absent a hh-negaltive

individual results. A Bh=-negaltive person is homozygous for the reces-
sive allele. If the child inherits the Eh antigen from the father and

the mother's blood has been sensitized either from a previous Rh posi-

tive child or 2 blood transfusion and there i

0

2 lezkage across the pla-
centa so the antibodies of tie mother may pass into the blood streams of
the child it destroys the red blood cells of the child and is often fatal
to the child unless special precautions are taken in advance by the phy-—
sician.

There are many characteristics which are not clearly defined or di-
vided into distinct groups, but show variations from one extreme to an—
other. It 1s not possible to explain such variations on the basis of two

or wmorae alleles at a certain chromosome locus. However this can be ex-

plained on the basis of a mumber of different genes located at different
loci on the chromosome. Characters such as this show multiple gene in-
heritance.

Skin color inheritance in man depends upon quite a number of genes.
Also the body heipht in man illustrates multiple gene inheritance.

The color of the skin 1s dependent upon the awmount of a pigment,

b=

melanin, deposited in the skin. This depends upon the genes and of course
the amount of sunlight the skin receives. According to the hypothesis
negroes differ in skin color from members of the Caucasian race malnly be-
cause of the nature of two gene loci which influence skin color.

4 cross between a white person and a negro show segregation of genes

according to the dibybrid ratio. The first generation offsprings results

in a mulatin, an intermediate skin pigmentation. When two mulattos marry



their children mey have any one of five different skin

QB
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SUD £E8NOS, negrsid.

hed if we assume there ave four

cencs dnvolved. Actually there are more involved bubt the principle

-
X

£ Y
5 wae 5

b

transmission

Two medium sized parents can produce a tall child. The parents may

be heterozygous for a mumber of rscessive for talloess and an off-

spring recelve these recessive genes and be tall.

(A%
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CHAPTER VII
LINKED GuES AND CROSSING OVER

sreater

It 1s very obvious, that the number of genes in man is far g
than the number of chromosomss, and hence not all genes can be independ-
ent. & given chromosome must contain numerous genes. The genes located
on the same chromosome are said to be "linked". Linkage is the tendency
of two genes to remain together in the process of inheritance.

Two genes may be closely linked, that is, they almost always stay
together in transmission, or they may be loosely linked, and frequently
are not transmitlted together to the offspring. These genes are sub-

jected to frequent alterations by a segmental interchance between chro-

LS

%,

matids of the homologous chromosomes. When this segmental interchange

occurs, the genes are said Lo have "ercssed over". The freguency of
croseing~over between two genes is used as a measure of the relationship
of their location on the chromosone,

The rnumber of linkare groups corresponds to the haploid nunmber of
chromosomes, also the linear order of the genes within a linkage group

can be specified by a study of the freguency with which genes within this
group cross over with one another. The distance between these genes are
specified in terms of their recombinatlion frequencies.

The amount of crossing over between linked genes varies with their

distance apart in the chromosome. The further apart they ars, the

greater amount of crossing over between them.

30
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OTHER CTHERIS u.c;: I# LAl

3

Many human characteristics have been studied bssides the ones men—

tioned so far, and since the kunowledge of some of these may be useful in
hisgh school teaching and are interesting, this chapter will be devoted
to some of them.

3

Eye color is probably one of the most often talked about human char—
acteristics Ordinary eye colors are due to the presence of pigment in
the cells of the iris. The difference in eye color depends largely uoon
the melanin pigment which develops in the front layer of the iris. It
is an optical effect. In fact, all eyes are basically just as "blue' as
blue eyes. The other eye colors are due to the aadition of pigment in
the front of the iris.1

In blue eyes no pigment whatsoever is produced in fromb of the irds.

Y 4

In green gyes there are diluted brown pigment cells in front of the iris
superimposed on the blue background produces the effect of green. OGray
gyes are due to scatiered dark plgment in front of the irls screening the
blue. Brown eyes are due to the concentration of dark pilgment in front
of the irls masking the blue. Pink *albino! egyes are due to the reflec-

tion from pink blood vessels, because they have no pigment in thelr eyes

1 o , .
Amram Scheinfeld, You and Heredity (New York, 1950), p. 56.
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with the exception of mutalions when both parents are blue-eyed, all
their children have blue eyes3 when one parenl is heterozygous brown-eyed
and one blue-gyed the children are partly brown-eyed, partly blue-eyed.
Harriaze of two brown-eyed persons usually results only in brown-eyed
children; yet blue-eyed ones may appear. These facts indicate that brown
is dominant to blue, and blue-eyed individuals are homozypgous recessive
for eye color,

Hzir color follows the sawe general principles as does that of the
eyes. In hair the color is due to the plgmentation of hair cells.

Thers seems to be two primary plgments in the hair each of which is
subjected to variation throush multiple genes. One is vlack the other
light blond. In addition to this there secms to be another pigment which
ranges from sandy red to yollow. Various genes influence the intensity
of thess pigments in such a way as to produce the wide variations in hair
color. HRed hair ssems to resull from a single pair of recessive genes.

A marriage belween two light blondes almost always yields light blonde
children, a fact which indicates tine recessive nature of the blénde gene.
Children resulting from marriages between dark haired persons arse typi-
cally dark haired. This indicates a dominance of the genes for dark hair
over the genes for light hair.

There is not conmle e agreement as to the exacl cause of the graying
of hair. It is known that the age at which the hair begins turning gray
is influenced by heredity. It is difficult to establish the exact meth-
od of inheritance, however, because of environmental effects of diet and
other factors.

Some persons are bora with a white forelock of hair which ls given

the genetic designation of blaze. 7This isolated island of white hair
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grows oub from the central portion of the sealp whers 1b joins the fore-
head and is usually combed back over bhe head Lo produce a whibe streak

i a head of halr otherwise normal in pigmentation. This condition re-

e

sults from an autosomal dominant gene.
The development of the skelebon is also affected by genes. There

are about two hundred bones ian the adull human body, and their size, shaps,

and arrancome: a larce extent dcta:mmes the body btuild. Acholie
droplastic dwarfism seens to resulb from the influence of a dominmant gene.

The head pnd trunk of {he porson with this tyoe of dwarfisny are normal
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s lengbh of the limbs, and this
Tho wene inhibpits no w**l kil we i ne o7
LG gene LnNioLLs oyt crowih of the long
is condition ars found in entire humaen groups such

sinilor condition has been achioved by selection

The dachshund has short bowsd leps and was bred for

this character so that it could gobt into the burrows of foxes and badgers
easilye

The Ateliotic dward is well proportismed bubt spall in sll parts of
the skeleton. This characteristic is due to a deficliency of the growth
hormone of the pitultary, which influences the growth of the skeleton.
Normal=sized children nave bedn bora of parents both of whom wers midgets.
#ary stadiss in humen penetics dealing with the relative effect of

heredity an enviromment have been made of twins, "Identical', monozyzous,

or one~gnn being, which arise from a single

et

= 4 By o gy
arise from two oyrotes.

twins have & resull, wake ideal subjects for stud-

les of the effccet of snviroment upon developmzent, sisce any differerce

wirich they show must be onvironmentel. Fraternal teins serve very nicely
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to illustrate the effects of differsnce in heredity in a constant envie
romsent.  They will have differentes in many of thelr genes, since Lhey

are v nore alike

genetically than any

other brother or sisier in the

Pamily, yebt they are wost likely to have g very similar environment.
The results of many of thess studies pakes it appearent that heredity
places its imprint upon almost every aspect of human development and be-

havior and the en

viromment modifles the effects of these genes.

Trus the

in“i idual is 3 product of his ernvirormment as it acts upon his hereditary
potenticlities.

The inheritance of twinning is not well established, howsver, core
tain facts associated wibh toin birth seem to be reasonably well estab-
lished: {1) twin births tend to cluster in specifie families, and (2)
the frequency of twinning varies with maternsl age and some exteont with
parity. It hgs been estlmatod thal a wmother who has glven bBirth to one
seb of twins will at her nexbt delivery repeat with anolher twin blrth

approximately 3.64 of the time.

whether the {irst twin pair
nalr was Jdigygous, then the pro

then the chance =2f a
than the probabllity of a twin

One important

bringing

g

training
£ * A

WAS MONDLYIOUS

second set of btwins

intellicence.

nental capacity among

variations in general

This per cent varies on the basis of

or digvoous. 1f the first

THEEY

Dability that tne mother will regsat wilth
tHowever, if the [irst pair was monozygous,

is only 1.43%, not much higher

birth in the general population.

human factors influenced by hersd

fivisteY

c.

rtal. Trzining pleys an important oart in

but even anonz persons with similax

¥ gy ade F b .
nes, aptlitudes,
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and other characteristics. Since these variations are gencrally conbin-
uous and not clear-cut, it is obvious that multiple genes are involved.
Thus there are many cases in which variations in a single gene may have
a very obvious effcct on mental ability. A person may be born with a
whole pene complex for a brilliant mind, yet also inherit a single pair
of recessive genes for a particular type of idiocy, which would be epi-
static to the entire complex and tims make the person an idiot.

in spite of the extremely complicated problem of the inneritance of
mental characteristics, a great deal of information has been given on the
relative significance of hereditary and environmental factors in deter-
mining mental capacity. y general bright parents tend to nave bright
cnildren, and dull parents, dull ones, however there are many exceptions
to this case. Generally the children of parents at elther extreme of
the intelligence-rating scale will show a tendency to regression toward
the average of the population.

Special aptitudes, are independently inherited and may not have any
close correlation to general intelligences. This phenomenon is well il
lustrated by the interesting case of a woman moron with an I.4. of about
60 who could never learn to tell time by a clock, but could play the piano
very nicely by ear.2

b5

nilensy

o]

fde
[*/]

a disease characterized by sudden seigures known as epi~
leptic fits. In the most extreme forms this develops into unconseious-
ness and muscular spasmse. Some people have the disease in a milder form
in which the fits are minor. 3Brain injury is known to be an environmental

agent which can induce the onset of epilepsy, but the majority of cases

27, If. Winchester, Genetics (New York, 1951), p. 336.



arise withonl such injury and have a heredibary besis. Safficient studies

have oeen oade to indicate that it is inhorited as a dosdnent trait.

¢ stady of hereditary mental defeets ls of increasing lmportance.
It seems bhat mental defccts are lunereasing in freguency. Several zil-

lion people in the United States have an I.3. of aboyt 70 or lower. 4

arpe mumber of these cases are of hereditary origin. The fecble-minded
beeore jJuvenile delinguents, problem children, and cases for public chare
ity and relief. Thoy breed early and often so tend to inerease thelr kind.
The ond result is a rapidly mounting bill of thelr cars and for dealing
with the erimes that bthey commit.

Hany organiz dulOﬂo and persons are now interested in eugenics, a

ield of endeavor which secks to bebler the human race by applying the
ﬁrGClgl““ of penebtlics. Sinee it is not possivle to control the matings

1,

are wade to determine the facts of human

o)

Tem e wamary el ey
peuwWean MDA L8INTs,

heredity, to educste the senersl public on the effccts of good and bad
matlngs, and to encourage legislation that will prevent matings between

obviously defective persons. Attespts are also made Yo improve the eorne
vironmental conditions under which human beings develon and live so as

to give the best possible

¢
@

sxpraessions to the genetie counstitaotions pro-—
sent in each indiviaual. lo wmeasurable ald in husan genctlces will be

possible until much fuller records on human inheritance are availadble.



CHAPTER I

The result of this study revealed many facbs wnich can be used by

g

it seems evidenb thal everyone should

I

the teacher in teaching biology.

3

.

ave sopme practical knowledge about heredity, especially human heredity.
Because this knowledge will not be attained at home, 1t is left up to the
teacher of biology to supply‘thié information.

The study did reveal many demonstrations, illustrations, and exper-
iments that can be performsd by the teacner and pupils which would help
the pupil understand the principles and phenomenon of heredity.

Hany models and charts can be made by the students and teacher which
will be very helpful as teaching aids in teaching different principles.
Plagster of Paris models, charts, and polyethylene beads can be used to
illustrate the differsnt phases of c¢ell division, types of éffsprings
expected from a particular Cross, cCNromosomes, genss, crossing over, and
many other phenomenon that occur in heredity.

Recog d1z1ng the fact that human heredity'is one cf.the most inter-
esting phases of the study of heredity to most students, the teacher can
do much to intersst the students by using the inheritance of human char-
acteristics to illustrate many genetlc principles. With this in mind

this sbudy has been presented,
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