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The Problem Stated 

It is evident thnt almost everyone is interested in heredity, es:pe-

cially the heredity that J.s related diroctl~,r to their lives. It is a 

subject ·which appeals to all a{:;e groups, the adolescent boy or girl, the 

bride and r;roor:1, and the mature person. High school students have shown 

unusual interest in genetics and ,.;encral]s want to lmow more about human 

heredity. However it should be noted that, the average ;youth leaves high 

school with very little lmowled.1:;e about human heredity. This is unf'ortu-

nate in the light of the fact that. completion of high school ends the 

fonnal schooling oi' many students. 

Because of tt1ese reasons ·the writer decided to prepare a syllabus 

for a unit on human heredity for high school biology. 

Purpose of this Study 

The purpose of' this s'tudy is three fold: (1) to provide the writer 

vrith e. satisfactory krn)'ldedGC o.f a. few solectf.:.'Ci characteristics of the 

fi.eld of hw-:-.an heredity that 1:i.:iy be e.;:.sily communicated to high school 

biology students; (2) to present a reneral cuide which. ,could serve as re-
.. v 

source material for tea.chem in the ten.china; of human heredity on the 

high school level, and (J) an attcr.pt to build up a backr;rou.nd of infor-

riation about hi.i.ruan heredity and provide sufi'icient reference for the 
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teacher to proceed. to further stu.dies in particular areas of this topic 

that he may choose. 

Lirnitations of this Study 

2 

This study is limited by several factors. First, since there is so 

much literature on this subject, hence this study will be a survey of the 

field rather than an attempt to thoroughly investigate it. Secondl~y, in 

order to limit the area of study so that adequate treatment could be given 

to the ideas presented, it has been necessary to select a few topics out 

of many related and equally i..111portant topics. Thirdly, since the mecha­

nism of heredity is so linked 11ith the process of reproduction, it is not 

possible to get a clear picture of heredity without some understanding of 

this body function. However information on this topic has been omitted 

from this study because it is likely that most individuals who read this 

report will have a basic knowledge of reproduction. 

Plan of Procedure 

Generally, this study has been based mostly upon elementary litera­

ture in this field. 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 pa.rt of the study has been devoted to the historical back­

ground of genetics. Mendelian L.'tws and their application to human hered­

ity have been studied. 

Throughout the study the use of hereditary characteristics in man has 

been used to illustrate such factors as multiple alleles, sex-determination, 
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sex-linked, and sc.x-infL,encod characterisLics. The la.st part of this 

rep:::n<:. involi;ed the study of linka..ge, crcssing over, and sevaral charac­

tori3tics inherited by man. 

Uost of tho study pr0sents • .. fa.ta. f'ror:1 the literature used. It is 

q_~itc basic to tt1e exp0rt. in this field. However, the material has been 

presented in such a way that. it may be easil:y co:mmunicated to the high 

school student. 



· CHAPTER II 

HISTORICAL BACKGROUND 

Most of our knovdedc;e in the field of genetics has been developed 

since the beginning of the present century, As we search back into the 

histor.1 of scientific thought, however we find that speculations on the 

nature of heredity are as ancient as the history of :mankird. 

The first accounts of definite attempts to formulate an explanation 

for conception and inheritance ,,ere 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 qualities. 

About two hundred years later Aristotle proposed that the semen of 

the r:1ale was produced from the blood, and that it was, in fact, highly 

purified blood. In such a purified state, it possessed the ability to 

give form to a new life. The raenstrual fluid of the woman was supposed 

to be semen also., but the woman did not have the power to acheive so high 

a degree of purification of blood as the man. This less purified semen 

was supposed to furnish the building material while the male furnished the 

life-givin pmver, 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 Greeks until about the eighteenth century. The idea that both 

male and female must contribute somethine; to the embryo, as Aristotle had 

done, was recognized and some amendments were made in these ideas. 

In the latter part of the seventeenth centur.y Anton van Leeuwenhoek 

with the use of his microscope, observed living sperms in the semen of 

aninals. He also noted t."1e association of the sperms with the ee;gs of 

frogs and fishes and believed that the sperm furnished the life of the em­

bryo while the egg provided a place for the nouristunent and development 

of the embryo •. 

Jan Swamrnerda.m developed the preformation theory, which held that the 

development of the embryo was actually only the enlargement of parts that 

were already present in the sperm or egg. Some scientist of this time 

even iinagined that they could see a miniature human being inside the 

l sperm. 

There was much disagreement with the idea that the sperm was the sole 

agent of heredity and it was pointed out that children often show physical 

characteristics which are found in the moth€r and not in the father. 

A Dutch scientist,, Regnier de Graaf studied the ovaries of mammals 

and noted the protuberances which he interpreted as eg6s which were sim­

ilar to the eggs of birds. He believed that the egg breaks from the ova­

ry, is fertilized., and makes its way to the uterus for development. 

During the eighteenth centU"l;'".f a. F . .:-enchman., Pierre-Louis Moreau de 

Maupertuis, thoroughly disagreed with the idea of prefonnation., for he 

felt that a consideration of the plain facts of biparental inheritance 

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

1A. M .. Winchester., Genetics (Ca:mbridge, Mass~chusetts, 1958), p. 18. 
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He proposed the belief that both parents produced semen which united dur­

ing coitus to form the embryo. The semen, he believed, was made up of' 

tiny particles, each of which was destined to form some specific body 

part, and that ti.7o such particles, one fror:i each parent, unite to form 

each body part. One of these might dominate the other, however, to make 

a child more like one parent in this one respect. All of this sounds very 

much like the conclusions drawn by Mendel over a century later. 

Many other theories were advanced such as the encasement theory which 

stated that each preformed embryo contained the still smaller preformed 

embryos of the generations to come. 

In the latter part of the eighteenth century Jean Baptiste Iamarck 

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 aJ1d 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 Darvdn proposed the hypothesis of pangenesis. According to 

this every cell, tiss;.1e, and organ produces minute pangcnes. These are 

collected throughout the body by the currents of blood or other fluids 

and become a part of the germ cell. These pangenes are passed on to the 

offspring and they recreate these cells, tissue and organs from whence 

they crune, thus a child represents a blending of the qualities of its two 

parents. 

August von Weismann formulated the germ plasm theory, according to 

vrl1ich all organisms possess a special germplasm which preserves itself by 

repeated divisions. These germ. cells were merely carried b;y the body and 
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w,2;re in no wa-;,/ infl'J.enced by what happened to the body during its life-

time. 1'he 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. 

'I'his theor;:,r does not appeal to the imagination 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 attainments 

in life can be transmitted to their children; it seems frustrating to 

2 
think that each indi vicfaal raust build each achievement anew. 

In 1901, Hugo De Vries proposed his mutation theory, that, living or-

ganisms occasionally but regularly produce new types of offspring through 

sudden changes, mutations, in the hereditary mechanism. These mutations, 

he believed, were a much greater factor in evolution ·t,han the small grad-

ual changes which Dari:fin thought to be so important. It was evolution 

through a series of sudden jumps. We no1N 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 11 the father of modern geneticsn. Mendel's greatest discoveries 

were made possible by the care vtith which he planned his experiments, his 

careful records of all phases of his work, and the mathematical precision 

with which he unalyzed his results. Also he continued his experimmrts 

long enough to accumulate data in large enough quantities to have statis-

2, A. Winchester, Heredity and Your Life (New York, 1956), p. 31. 



8 

M.cal sio::iif.icarice. 

Sooe of the detai],.s of UendeI's results are given later. Suffice to 

say at this point that he discovered the fu.ndrunental basis for the inhe:r­

ita.nce of ch.nract,eris'ties, which hold tru.e for all forms of life. Mendel 

presented. the results of his work in 1865. In spite of the r;reat signif­

icance of his findings.,. the world took little note of his paper. 

It was not until the beginning of the p:rssent century that the re­

sult of h1endels work and their groat significance were to becooe known to 

the scientific wo:rld. At this tine several investigators began cheeking 

the literature in an effort to explain some of their own results from hy­

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

Most of our present day kno,vledge of genetics dates from the time of this 

rediscovery. 

Wit.bin the scope of this report the writer cannot begin to mention 

all the many ou:tstanding men who have built our genetic knov.rledge during 

the present century. However the w0rk of roony of t11em rdll be referred 

to in la.tor chapters. 



CflAP'TER III 

liililOSIS 

In :man as in other plants and other animals, the key to an under­

standing of tho h1•rs of heredity lies in an understanding of the be­

havior of the chromosomes at the time of cell division. 'l'his is because 

tbe units or heroo.ity, the genes, are, with VCrJi' fe",1 exceptions, as in­

tegral part of the c..~roi,1osomes. 

There are regularly two of each kind of gene in ea.ch cell. These 

two gm:les are found on t .. w different chromosomes 7lithin the cell, and the· 

two chromosoraes will always be similar to one another. The chromosom.es 

within any cell l'i'.JBY be of different lengths und shapes, but for every 

chro.lt:osome of a given length and shape there is, as a rtJ.le, another like 

it. These are called homologous chromosomes, and each bears the same 

type of genes in the same sequence. For instance if you carry a. gene 

near the center of a V shaped chromosome v;hich affects the pigmentation 

in your eyes, there will always be another V-shaped ehrom.osofu>e of the 

same kind which t'lill carry a gene for eye pigmentation at a corresponding 

locus. Thin is truo of all chromosomes with an exception which will be 

covered in cormection with sex-detcr'Lu.na·tion.. Thus the human chromosomes 

may be groupcc. :i..nto twenty-four pairs. These twenty-four pairs a.re fou.."ld 

in all of the body cells except the reproductive cells, but the mature 

human sperm aro.d egg ea.ch contain only twenty-four single chronosomes, one 

of each of t:·.e different kinds. This condition is brm.lfht a.bout throueh 

9 
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the process of :meiosis. Essenti2.lly 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 

number to the haploid nmnber. 

This number of chromosomes (48) has had eeneral acceptance since 

1923 however since 1956 fifteen individuals have been reported to have 

46 chromosomes. Some Japanese state that there is no doubt that this 

number (46) exists in man, but this is not the only possible number in the 

species; besides individuals with l.i.6 chromosomes, some with 47 and others 

with 48 exist.l 

The number of Whites and Japanese studied so far are too small to 

provide the basis of reliable estimates of the frequencies of the three 

karyotypes in the two ethnic groups. 

An obvious function of :meiosis is the maintenance of a constant chro-

mo some number in the species, for vri thout it as a consequence of f ertili-

zation, there would be a doubling of the chromosome sets in each genera-

tion. A second function of meiosis is to serve as a physical mechanism 

f.:Jr the segregation, assortment, and recombination of the genes. 

A coraplete discussion of the process of meiosis will not be given in 

this report because this infornation is obtainable from almost all the 

references used. It was the belief of the writer that simplified methods 

of presentinr, this material to high school students would be of more 

value. 

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

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

l.,,Three Chromosome Numbers in Whites and Japanese, 11 Science (June 61c 
1958), 127 :3310. 
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may be used to represent ~he chromosomes. 

\Te will assume in this model the cell has four chromosomes: two 

long and two short chronosornes. Use a red string of polyeth;ylene pop-

beads to represent one of the long chromosomes and a green string of 

beads to repi;;.~sent the other long chromosome. A short blue string and a 

short yellow string represent the pair of short chromosomes. 

00000:JOOO 
red 

00000000 
green 

Fig. 1. The four chromosomes 

000000 
)ellow 

000000 
blue 

The first significant thing that happens durine r.ieiosis is the form-

ing of partnerships. The two long chromosomes come together. Also the 

two short chromosomes come together as shown in Fig. 2. 

red 0000000000 000000 yellow 

green 0000000000 000000 blue 

Fig. 2. Tho partnership 

The next thing that hap;,ens is duplication, however, this does not 

ye.t involve the centromeres, the bodies shown as small circles, in the 

center of the chromosome. 

red 

green 

OOOO(WOOOO 
OOCX)<ioOOOO 

OOOOQPOOOO 
oooo<rooooo 

Fig. J. The chromosomes duplicated 

ooqpoo 
ooouoo 

OOQDOO 
00()000 

yellow 

blue 

In.meiosis there are two divisions. First, there is the separation 

of the partner chromosomes. That is to sa;y, the original red chromosome 

and its duplicate separate from the original green chromosome and its 
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duplicate. The yellov1 chromosome a....--id the blue chromosomei:i separate in a 

similar raanner. Wow we have two pairs of chromosomes in each of the two 

cells, one lonr: pair and one short pair. 

OOOOQ()OOOO 
oooocfloooo 

red 

J 

OOQPOO 
ootlloo 
yellow 

0000~0000 
oooo(iboooo 

green 

Flg. 4. First division in meiosis 

oowoo 
oocrooo 
blue 

In the second division in meiosis there is the splitting of the cen-

tromeres. 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 cell. Precisely the same thine occurs, in the cell, with 

the green and blue chromosome. 

0000000000 000000 0000000000 000000 
red yellow· green blue 

Cell 1 Cell 2 
Cell 3 Celi 4 

0000000000 000000 0000000000 000000 
red yellow green blue 

Fig. 5. Second division in meiosis 

Fie now have four cells and each one has tHo chromosomes, one half 

the number present in the cells from which they developed. This is mei­

osis in its simplest f orra. 2 

Meiosis would always occur like this if it were not for the fact 

that the individual strands that make up the chromosome become inter-

twined and entangled. This is crossing over and w--i.11 be discussed later 

2N. B. Abraham et al., Laboratory.~ Field Studies in Biology 
(\fashington, D. c., 19.57), PP• 671-673. 
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in this report. 

Maturation of the male sex cell is known as spermatogE;Jnesis; matura­

tion of the fenale sex coll is known as oogenesis. Four spermatozoa rG­

sult from the maturat,ion of one spermatogonium. 1'he result of the two 

maturation division in the female is one large cell, the ovu.m, and three 

small, nonfunctional cells, the polar bodies. 

The human ovum has twenty-four chromosomes, and the spermatozoon has 

the same number; thus at fertilization the chromosome munber, which is 

forty-eight, is restored. 

There are several points a student should understand after a study 

of meiosis. First, the chromosomes (r,enes) are passed on from parent to 

offspring. Second, the chronosome m.unber is reduced by one half when the 

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

of fertilization. Fourth, chance operates in reduction division and fer­

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

present in the offsprlnc and one of each homologous pair. Sixth, in the 

offspring there is a 11mixing 11 and some chromosomes present in the parent 

and grandparents will be absent.. 

A very likely question that might be asked at this point is: what 

is there in living organisms that cause the development of different 

characteristics in humaris? What we inherit is nothing more than a very 

tiny bit of cytopla::im and some chromosomes. 

'fhere is "something" in the chromosome that determines these charac­

teristics called genes. Some geneticists think of genes as separate mol­

ecules--tiny invisible chemical particles. Unfortuna tel~,:, we can I t see 

these tiny zsnes. lfo one 1,;nows how many genes there are in a single hu-

man cell. 
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can say that a is a molecule or part of a :molecule located 

in a spec:if:l.c position in a chromosome arn::. is respons:fole for controlling 

certain che-mical chan2:es in the cytopL;1sra. Thus detar;;lines different 

charact,eristics in different. individuals. 

In a li.vi:ng chromosome each gene is found only in a certain position 

on the chromosome. A gene which can produce its effects even though the 

other gene is prosEmt is known as a dominant gene. The other gene is 

kno,.-m as n racessive gene. 



CHAi~ER IV 

The .first person to conduct decisive experiments in heredity and to 

formulate ·the basic laws of genetics was Gregor Mendel. Mendel planned 

carefully his experiments with garden peas and spent two years in select­

ing races vfi·th distinctive and contrasted characters and in making cer­

tain that each of his original stock rms pure. During the next six years 

he w.ade many crosses by -artificial pollination., ea.ch of 11vhich was carried 

through three or more generations. Mendel kept an accurate statistical 

record of all plants and seed.a of each kind that v,as produced, analyzed 

these re.sults., and fron them deduced the two oost i.."'llportant fundamental 

laws of heredity. 

Tho first of thess laws states that the factors for a pair of charac­

teristics are segregated. The factors responsible for a pair of alterna­

tive or contrasted characters are known as alleles. This can be illus­

tr-ated by a monohybrid cross. A cross in which the parents differ in one 

pair of alternative characters. It will be easy to follow if we take a 

specific case as an example. Sufficient families have been studied in 

which it has been :found that the gene for albinism is recessive, while 

the geoo for normal pigmentation is dominant over it. 

First lots consider n. marriage between an albino and a homozygous 

normal4'-pigmented per~on. All the individuals of the Fi generation are 

pigmented, no matter .,1hich parent is pignented and which is an albino. 

15 
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All these children will carry the gene for a.lbi:rJ_sm and can pass it on to 

their children. 

lf one of t,he heteroz;y gous pigment,cd children marries a heterozygous 

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

Q.nd one f':Ju.rth have no pigment in their skin. Further stud:, of 

the 

mented, ona half wo...;.ld be heterozygous pi[;:mented and one fourth would be 

albinos. 

In caae of a mar:riuge between t',,o albinos all this children from such 

the case of interr,:ediate r;enes, inheritance predictian is mu.ch 

si.mp1er because there .e.re no b:'Ldden genes. It is possible to tell the 

t;ype of genes 7rhich a. f)erson carri(JS iuhen they are of this nature ni.rnply 

observation of the person. For instance, if a member of the Caucasian 

race has wavy hair we lmov, that he has a gene for curly and a gene for 

straight hair since waviness is the int"mnediatc expression of these two 

genes. do not need to depend upon ancestry in such cases. 

k'i'hen :races differ .from each other in two or more pairs of factors, 

the inheritance of one pair of .factors is independent of that of the 

others.1 This 1.s Tu'k:,ndols second law and can be illus'.trated rrith a dihy-

ch24ra.c tors. '!'his can be illustrated the use of' two well known htr:nan 

heritable cbarac-ters, oo1 vdact,,lv and attached ear lobes. j,, ~r t,i.,,. 

condition :1.n w?,ich thGre is an extra finger on ;)ne hand an an extra toe 

on one f'oot. Tbis is doninant over the gene for nor.0,'12.l f:1.ngers and toes. 

Lrracy I. Storer, General Zoology (New York, 195'7), p. 156. 
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In the case of attached ear lobes, free ear lobes are dominant over at-

tached ear lobes. 

If an individual homoz:ygous for b,)th of the tvm dominant traits niar-

ries im :lndividua.l homoz;vrou:;; for the t1vo recessive traits all their off-

the dominant t.ra:Lt in each case. 

If an iridi vidual heterozygous J'or each of t-he two traits :marries an 

individual heteroz;;.,1:;ous for ea.cri. of th(~ traits and a largo rn.1r11ber of off-

phenot;ypic result,:i would oe as foll:Jws: 9/16 pol,yda.ctyl with free ear 

lobes; 3/16 polyd.actyl with att,achcdl ear lobes; 3/16 with normal finger 

and free ear lobes; 1/16 v:ith normal finGCl'S and attached ear lobes. 

The different ;;cnotypes not,ad under these conditions would have been: 

1/16 pure bred polydactyl anci pure br·ed for free ear lobes, 1/8 pure bred 

polydact.sl and hJbrid for free ear lobes, 1/8 hybrid poly<lactyl :;mu pure 

bred for free car lobes, 1/4 l1ybrid polydact;yl and hybrid £'or free ear 

lobos, 1/16 pure bred pol;ydactyl and attached. ear lobes, 1/8 hybrid pol-

:ydactyl and at tach0d ear lobes, 1/16 normal fin:c;ers and pt.ire bred for free 

ee.r lobt;;s, 1/8 nor:11al f:Lncers and r1yb:rid free ear lobes, 1/16 normal fin-

gers and a:t.tachr:od ear lobes. 

This can be v,sry clearly ilb.stratsd by using sy:abols for the charac-

filling in tbe genotype of each of all possible 

t,Ype,:;1 of offspring. 

'l'here are some very good class dzmonstra:tions wi1lch can be carried 

on .an illu.strate random or d:ance combination. F'or instance, if v;e toss 

a penny in tbe air, the ctiance oi' it falling heads is one half. The chance 

of it fallin2; tails is one half. Yet, we do not think it im,2ossible if we 
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toss a penny four times and get heads four times. If m:? should toss the 

penny fpur hundred times, however, tre would get a ratio very close to 

l:l. Tr.is will illustrate what happens to a gene pair during raeiosis. 

It is just a 1;1 chance a.o to which gene viill be found in a given gamete. 

Tuo coins c.an be used in the toss to illustrate random or chance 

combination of two objects w;:1ich ca.11 combine in only three ways. This is 

essentially \that occurs durinc fertilization, when a pair of entities, 

the gene pnir, recoinbine after being separated during meiosis. 

There are three types of head-tail combinations that might appear, 

a head-head combination, a head-tail combination, or a tail-tail combina­

tion. li' a large number of tos.s,:::s were made the result,s would be a.bout 

1/4 head-head, 1/2 head-tail, and 1/4 tail-tail coobinations. 

This can also bo shown by the use o.f red and white marbles, beans, 

beads or some other small object. Place equal numbers of red and white 

beans in a. eontainer on a table. In another container place equal num­

bers of red and white beans. To minimiz.e errors due to picking of un­

equal numbers of red and white beans f1"'0m the container, mart{ mGre beans 

should be prov-ided than a:re needed. 'l"his helps to insure that the chance 

selection of be-ans ls not interfered with through an inbalance of colors 

present in any one box. 

Select a group of students and each will 'take his turn in taking one 

bean from each container. De m.lre t.he student does not look at the beans 

as he picks them f·rom the container. Place the two beans next to ea.ch 

other on the table. Have each student pick several pair of beans from the 

containers and place 'them on ·the table. Now the :;roup '11'ill decide into 

how many rows the pairs of beam, can be e;rouped. The decision will be 

based on two facts : the beans selected together must remain together as 
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a pair; and be.ans of t'a'JO different c::ilors are being selected. The stu­

dents will .find there are three groups into which the pairs of be.ms can 

be placed. The red-red combination, red-wh.ite combination, and the white­

white combirw:tion. If a large number of sa:nples are picked t:he ratio will 

be close to 1:2:1. 

These exercises C.."l.n be used to allow the students to discover fo.r 

themselves certain principles applicable to genetics. 



TO SEX 

Attempts of all sorts have been made artificall;'.r1 to cause an unborn 

child to be a male or fen.ale at will. J3ut all such attempts have failed. 

The fact is a person is a mal(1 or fe:male at the moment he begins his ex-

istence as a ff~rt.ilized egg. 

The difference. between the sexes is due to a difference in their 

chromosomes. Of the twenty-four pairs of chromosomes in each cell of 

hu.,nar,:. beings twenty-three pairs are similar .in both sexes. 'rhe twenty-

fourth pair determines the sex of the individual. ln females this pair 

consists of two similar chromosomes called l-chromot,omes. In males the 

consists of one X-chroncsome and one Y-ch:comosom.e. The Y-chromo-

some is s1tialler. Tlms the genotype. of males is XY and t.he gcnot;y_;:)e of 

fe.males is XX. 

roduction division ta .. t;:es place in the fenale all the egzs re-

In the r:iale, half tho s;,erm cells receive an X 

and half n~ceive a Y. An (X) may be fertilized by either an X or Y 

sperm. The fertilized eggs, therefore, will be either or J;..;t. All the 

cells of tht:J body produced mitosis are like the fert:Llizetl ec::; and are 

either XX or XX, s:.uid so tLes dev1:1lop into either a girl or a boy. Half 

the speriI1 cells contain an X. and half a Y.. Hence, the number of fertili­

zations that produce girls (XX) and boys (XY) are about eciual. 

However, there is a slight inequality in the sex ratio. Male births 
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somewhat exceed the f8raale births - about 106 :nales to 100 females. 

Several explanations have been sugg:ested to account for the slight 

departure from equality in 'the sex ratio. However none of the theories 

are supported by any definite ev1dence. It has been suggested that, the 

Y containing sperm cells ca11 move a little faster than the ones contain-

tng tho X chromosome :and so reach the-; a little more often at tbc time 

o:.f :f-crt-i.l,izatl.on. Y conta:tnins sperm 

ente:rs the more readily after contact than do the X containing sperms. 

It has been in1gs;ested that at fert.ilization the ratio is 150 males 

to 100 females. At birth tbe Jo.ales outnumber :females by a ratio of about 

106 to 100, but the cklath rate is greater f.:ir males at ever-:;, s of life. 

During childhood the rat~ :Ls ab,:,;..1t 103 i:;m,les to 100 females. During the 

young adi.ilt stage or the ti;me for marriage tb'i;; proportions of the tvn:> 

sexes is about eq:ual. .ht fifty years of age we find th.at th.; males haYe 

shrunk from equality to a point where there will be about 8.5 me:n to every 

100 women. At eight;;;-five the women outnumber men almost two to one and 

at one hundred there are about five times as many women as :men. 

Knovvledge of the X and Y chromosome has explained certain traits as-

sociated v;rith sex, such as color blindness in man. Vfomen are much less 

often color bl.ind than men. fart if a woman doao happen to be color blind, 

:Lf she 1n,1J:'rieri a normal man, all of her so:1s are color blind but none 

"/Je can readily explain this fact with a sim1)1e illustration. The X 

chror.1vt~o1:::-1e co11t.i1ins not ,:mly for sox but also for other traits, 

such as normal color vILsion, or a recessive color blind gene. can 

designate the recessive color blind gene as c, and its normal allele as 

C. A color blind vr,Jman carries a c in each of her X chromos::11::.es. A 



normal allele in his X chromosome. 

gard :his 'Y ct:romosor::ie as a partially empty sack that carries no 

the locus under discussion. 

sible ·types of offsprings would be as in Fig. 6. 

Xe ,r or .... 

Fig. 6. First ge:neration 
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at 

J.11 the mnlcs oi' the f:ir;sd;. ce:tE:n:ntion would be color blind and all the 

f'eraa.le.s 

"""i:ision. 

be cnrriern of" the color blind gene but would have normal 

If one o.f 

of childrG:n would be as in F'ig. 7. 

xGy-

XA; .. -
0 "' y ...... 

Fig. 7. Second generation 

All the daurshters would have nonaal vision but might be carriers of the 

color blind gene and the sons might be color blind o:r have nornml vi-

sion. 'I'be expected ratio would be S05.~ sons color blind and soi£ with 

normal vision. 

It ls naw apparent color blindm)ss is less often found a;:nong wom-

Both re:eesstvea be present in ·the fm:'.lale for the trait to show·. 
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Hemophilia is also in."lerited .as a single sex-linked riecessive. The 

primacy symptons of the dise,.,:1.se is an abnormal tendency to bleed because 

of an extremeJ..y slow rate of coaGUlation of the blood. In hemophilious 

the coagu.lation ti."l!e is greatly proloneed, va:cy· .ing from one-half hour to 

22 hours or more, according to the severity of the disease. Thus it is 

a lethal gene because it ca.uses death before maturity of the majority of 

individuals CY~prcssing the gene. 

The fact that it is a sex-linked recessive indicates that a female 

can develop the disease only ii she receives the gene f'rom her father who 

has the gene and therefore the disease, as well as i'rom her raother, who 

may be h~te.rozygous. In vien of the rarity of the disease, and the fail-

ure of most affected raales to leave offs_prings, this coincidence would 

seldom happen. Thus rue.plains the fact, with a few dO!J..btful exceptions, 

hemophilia bas not been reported .in ~vomen. 

The most fal'Jlous pedigree of hemophilia. is that of Queen Victoria. of 

Englund.1 'Victoria was hetei\:>Z)'gous for the gene, perhaps as the result 

of a ne1,v mutation since there is no record of hemophilia among her ances­

tors. 

}Jany false conceptions related to sex-linkage should be corrected. 

A popular misconception is that boys tend to inherit most of their char­

a.cteristics :f'rom the nother while i;irls inherit most from the r.a.t.~er. It 

is true that a:c1an receives all of his sex-linked genes from his mother 

and none from his :father, but this reprzsen.ts only about one twenty­

fourth part of his total inheritance. 

Sex-li.in.ited. geues are often confused with sex-linked genes but .are 

l::?dward C. Colin, ~nents of Gimeties (New York, 1956 ), p. 2i.i5, 



24 

entirely different in methods of inheritance. Sex-limited genes are those 

which produce characteristics that are expressed 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 chromosor:1.e. Sex-li.'Ilited genes are responsible 

for soLle secondary sexual characteristics, such as the beard on :men, as 

well as primary sexual characteristics. 

All the evidence indicates that the expression of sex-limited charac­

teristics depends upon the presence or absence of one of the sex hormones. 

A woman, normally does not have a bearJ., yet she carries all the genes 

necessary to produce a beard, and they v.ri.11 express themselves only when 

the male hormone is present. In rare cases abnormalities in hormone se­

cretion may occur in a woman and allow these genes to express themselves. 

Sex-influenced genes are genes that are dominant in man and reces­

sive in women. Baldness .is the only one which is conwonly observed. To 

determine the heredity of daughters, we treat the trait as a recessive 

and to determine the heredity of sons we treat it as a dominant. Thus a 

woman may carry the gene for baldness without showing it, and she will 

pass it on to one-half of her children. The sons who receive the gene 

will become bald, but the daughters will have normal hair growth, pro­

vided the father gave them the normal gene. Ji. bald man, may have only 

one gene for baldness anl)., in this case, one-half of his sons will be 

bald, but all the daughters v1ill be normal if the mother carries normal 

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

2A. M. Winchester, Genetics (New York, 1951), p. 122. 
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-, 
~ . t ;) rozereri.ce to a cri,:i.r .. 

I, 
tube 11 cells u. 4 If' we us 1c, a s sx-link(d charactor such as color blindness, 

the results of the 1,.mtlng of 9arcnts of any gon,type can be shown. To 

shou tilh3 carrier woman and normal man matin1:,, for exam.ple, we need four 

ucell0 ( test tubes) to represent the zygotes. ln adrlition to the cells 

·1'!E'J need eiJ:;"ht 11 chromosomes 11 , (pipe cleaners), 21 's, 4xC and 2 xc. C X re-

presents the X chromos,:>mes i:ith the no:rma.l gene and x0 represents the X 

chro111osomes with the color blind gene. 

Fill eac:1 test t:..tbc about 3/h full of w~ter and add a little brom-

thyrrK)l blue ind:i.ca:t,or to e.'.ic:1 test tube anj add ju.st en(mgh acid or base 

to cot a light blue color. 

solution of sodium hydroxide, and 

in abont a 107b hydrochloric acid solution • .Do this 

a.bout half an bsf ore usin;c; theth Leave them in solution until the 

last ninu:ce. Remove then with forceps and place them on papor towels 

take tho desired cross and the results ars as 

indicat,ed in . {). 

Deep blu.e 
XCAc 

Deop hlu.e Deep blu.e Yellow 

Fi·g. 8. 

' 
l}N·. B. 

Results of diff crent colc!binations of chrom,::isomes 

et al., Laboratory. arid l•'ield Studies in Biologv 
D. C., 1957), P• 703. 

154. 
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cases are no.w known of more than two alternative factor;.; that 

affect the same charact('J:r; these are called multi:ple alleles. Multiple 

alleles refers to all genes that occupy the same locus on a chromosome. 

One of the best examples of multiple-alleles in man is the four 

blood types called, A. B. AB, and O. It was found that blood cells of 

man may contnin two distinct antigens. Persons wl th type O blood pos-

ses neither of these antigens, but posses both anti-A and anti-B anti-

bodies in the plasma. T,11Je A persons have the A antigen in the rect blood 

cell and anti-B antibodies in the plasma. Type J3 persons have the B 

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

no ,arittbociies in. tb_e pl.a..sma. Neither A nor Bis dominant over tho 

other, but both are dominant to o. 

of indi viciuals vdth typo l!. blood could. be A;.1 or AO, of 

type B either or .BO, of· tspo AB it is AB, and of typ0 O it is 00. 

inheri ta.nee of blood t,;ypes is well understood. It is 

easy to see fron l"i.g. 9 the possible blood t;ypes of children from parents 

of various blood 1:,ypes. 

By knorling the possible genotypes a parent. of a given blood type 

have, one can readily follow the table and see ~ihy children of' the 

r,iven 
: ..... ?. a;•e possible. 

The hu,--nan race is also subdivided into three MN blood groups; M, 
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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 one of the three MN blood 

gro-c1.ps. However, unlike what applies in the case of .ABO groups, people 

who belong to :M, N or MN blood groups do not contain natural antibodies 

against those of another Mor N group. Generall~ a transfusion from a 

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

cation. 

BLOOD TYPE OF PAR:DKTS 

OxO 
Ox.A 
0 .x 8 
0 x AB 
Ax A 
AX B 
Ax AB 
BxB 
Bx AB 
AB :x. AB 

Fig. 9. 

POSSIBLE BLOOD TYPES OF CHILDREN 

0 
o, A 
o, B 
A, B 
A, 0 
o, A, B, AB 
A, B, AB 
B, 0 
A, B, AB 
A, B 

' 
AB 

Possible blood types 

There is another interesting series of multiple alleles related to 

the blood known as the Rhesus 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 the 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 it Rh-negative. About 135% of the peo-

ple in the United States are Uh-positive and 15% Rh-negative. No one has 

been found who contains the natural Anti-Rh antibody, but it has been 

found that an Rh-negatj_ve person can develop these antibodies if exposed 

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

If a Rh-negative mother and a R.11-positive father have children the 



child :may be either Rh-negative .or positive, because the Rh antigen is 

produced by a dominant gene. Vfoen this Gene is absent a Rh-negative 

individual results. A :Rh-negative person is homozygous for the reces­

sive allele. If' the child inherits the R.11 antigen from the father and 
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the mother 1 s blood has been scnsi ti zed either from a previous Rh pos i­

tivo child or Et blood transfusion and there is a leakage across the pla­

centa so the antibodies of the mot.J1er may pass into the blood streams of 

the child it destro;ys the red blood cells of the child and is often fatal 

to tho 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 shmv variations from one extreme to an­

other. It is not possible to explain such variations on the basis of t,w 

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

pLt1ined on the basis of a number 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 height in man illustrates multiple gene inheritance. 

The color of the skin is dependent upon the amo1:mt of a pigment, 

melanin, deposited in tbe 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 mainly be­

cause of the nature of two gene loci Yfbich influence skin color. 

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

according to the dihybrid ratio. The first generation offsprings rG:sults 

in a mul:J.tto, an intermediate skin pigmentation. vJhen two nrulattos marry 



their children ma;y have any one of five different skin shades, ranging 

from white to the negroid pigmentation. 'I'he number of· genes for the 
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lWGl'Oid p::Lrr:i~,e:nt coul.:l ran;:e from zero t,o four ;ones for dark skin. The 

offsprin.1:~s with zero E;enes were white; one gene, brunet,te; two genes,, 

mulatto; three g-enes, chocolat-a; and four e;enos, r:egroict. 2 

Body heigb.t in man rnn;;- be illustrated if we assume there are four 

genc.s involved. Actu.a.llJ; there are more involved but the principle of 

trans-mission is tl10 same. 

Two medillil"'l sized p,ironts c.1.n producG a tall child. Tbe parents :maji 

be he:terozygairn for a number of recessive genes for tallness ar.d an off­

spring receive th!f;'lse reces~ive genes and be tall. 



CHAPTER VII 

LINKED GltNi:S AND CROSSING OVER 

It is very obvious, that the rn:miber of genes in man is far greater 

than the nrnnber of chromosomes, arid hence not all genes can be independ­

ent. A given chromosome must contain numerous genes. The genes located 

on the same chromosome are said to be II linked 11 • Linkage is the tendency 

of two genes to remain together in the process of inheritance. 

Tvw genes may be closely linked, that is, they almost always stay 

together in transmission., or thej1 may be loosely linked, and frequently 

are not transmitt.ed together to the offspring. These genes are sub­

Jected to frequent alterations b;y a segmental interchange between chro-

matids of the homolo['.ous chromosomes. When this secmental interchange 

occurs, the genGs are said to have trcrossed. ov.ern. 'l'he frequency of 

crossing-over between two genes is used r,s a measure of the relationship 

of their location on the ch.romos o:me. 

The number o±' linkage groups corresponcls to the haploid murrber of 

chromosomes, also the linear order of the ger1es within a linkage group 

can be specified by a study of the frequency ·with which Genes within this 

g:r'oup cross over vrith one another. The distance between these genes are 

specified in terms of their recombination frequencies. 

The amount <>f crossing over betvreen linked eenes var.ies with their 

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

greater amount of crossing over bet\iveen them. 
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Crossing over occurs during tr.1e first divlaion of 1ueiosis. At this 

stage each chromosome con:;,i~Jt~ of .four ctu:·orn.aticls. The chro;uatids be­

come twisted about one another, and oft~n a breakag<: and a reattachment 

of portions of t.he chrot::i._"itids from homologous chromosomes. 

This .tJr,.>cess c~~n be illustrated oetter than words can describe it. 

'!"he teacher or studonts e:m make ver,y adequate drawings on charts to il-

lustrnto t::.c. proccos of crossir.g over and lirtl':ar10. Deads can also be 

uaed to show this. Strj.nss tlf two diffl.')r,;:nt c~lore.i beads can represent 

t;·fo chromoBoi~ies.. ?art. of one str'i..ng can be ron1J'\1C;..-d antl attached to the 

other string sh:Jwin; c:rons:i.nr; oV"3r durire meiosis. 

1 t ls Ve!j ctif fieuil t to n tu.uy a:utosomal llni:<;.age in man. Sex-link-

been mfide in the oopping of the sex chromosor.1es of man. In r.i.an there 

should be 24 linkage groups, but it will probably be a long tiir:.-e before 

marker genos are kr1::.nm for all 24 pairs or chrom:>Somes. 

On the basis of pres.s,nt knov1ledge., a li.st of a number of more or 

less definite autoso:ml linkae;e gro,ups or linked pairs, antl a list of 

genes known to be in t.he X and X chromoso.iae can be gi ven.1 



DHAPT.EH. VIII 

!Jany human characteristics have been studied besides the ones men-

t:i.oned so far, and since the knowledge of some of these may be useful in 

high school teaching and are interesting, t,i1is chapter will be devoted 

to soine of them. 

Eye color is probabl;y one of the most often talked about human char-

acteristic. Ordinary eye colors are due to the presence of pigment in 

the cells of t?1e iris. The difference in eye color depends largel;y upon 

the melanin pigment which develops in the front la:yer of the iris. It 

is an optical effect. In fact, all eyes are basj_cally just as "blue" as 

blue eyes. 'I'he othtn:· eye colors are due to t:1e addition of pigment in 

th f · f' t·· . '· l • e · rom:. o .. ne 1.r:1.s. 

In blue e;yes no pigment whatsoever is produced in front of the iris. 

In green a;yes there are diluted brov1n pigment cells in front of the iris 

superimposed on the blue background produces the effect of green. Gray 

eyes are duo ·to scattered dark pigment in front of the iris screening the 

blue. Brown eyes are due to the concentration of dark pigment ln front 

of the iris m.asldng the blue. Pink 11a1bino 11 eyes are due to the reflec-

tion from i'.)ink blood vessels, because they have no pigment in their eyes 

at all. 

1Amram Scheinfcld., You ~ Her0dit~1 (Wew York, 1950), P• 56. 
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With the exception of mutations when both parents are blue-eyed, all 

their children have blue eyes; when one parent is heteroz;ygous brown-e;yed 

and one blue-eyed the children are partly brown-eyed, partly blue-eyed. 

llarriage of two brown-eyed persons usually results only in brovn1-eyed 

children; yet blue-eyed ones may appear. These facts indicate that brown 

is dominant to blue, and blue-eyed in:iivictuals are homozygous recessive 

for eye color. 

Hair color follows the same general principles as does that of the 

eyes. In hair the color is due to the pigmentation of hair cells. 

There seems to be two primary pigments in the hair each of which is 

subjected to variation through :multiple genes. One is black the other 

light blond. In addition to this there seems to be another pigment which 

ranges from sandy red to yellow. Various genes influtmce the intensity 

of these pi1:7,ments in such a wa:v as to produce the wide variations in hair 

color. Red hair seems to result from. a single pair of recessive genes. 

A marriage between two light blondes almost alwa;ys yields light blonde 

children, a fact 11mich irldicates the recessive nature of the blonde gene. 

Children resulting from marriages between dark haired persons aro t;ypi,­

cally dark ha.ired. '!'his indicates a dominance of the genes for dark hair 

over the genes for light hair. 

There is not complete agreement_ as to the exact 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 born with a white forelock of hair which is given 

the genetic desi:;nation of blaze. This isolated island of white hair 
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grcr,vs out i'rom the central portion of t~·m scalp, l.'lierH it joins the fore­

head a:i:rl is 1.umall;y combed back ove1· ti'1a neact to produce a w:1ite streak 

in u ho.id of hair athen1ise normul in p:i{;merrtation. This condition r.o.;. 

sults fr:,m an nutosomal d;):r;1irw.nt gene. 

'l'he development of the skeleton is also affected by genes. 

are about two hundred bones in the adult hur;u.m body 1 and their size, shape, 

Ac hon-

d1°oplastic dwarfism seems to resnlt from the influence of' a domirJt1.nt gene. 

The head this type of d;>'8.r.fism are normal 

1.s a 0:reat reduction i:n the longth of tbe 1itrib8_, and this 

result~, in short st;1tu.re. Tho gene inhibits normal growth of tho long 

bones.. Thci for th:Ls con.di tion aro found in entire hUJic~n c;:t{>ups such 

A similar condition has been achtnved by tielection 

in one hr~l,'tl of dogs. The dachshund rtas shot·t bowed le.e;s and ,,as bred for 

easily. 

'£he Jltcliotic dwarf is nall propGrt,i::me1l bu.t sruall in all parts of 

the skia leton. '1'his charr:1;cteristic io due to a deficiency of th.a growth 

hormone of the pituitary, which in.fluences the growth of the skeleton. 

Norm.al-sieed children have been born of 1n1rents: both of whom v.ere midgets. 

t;;a:ny studies in hurm,u:1 genet.ics dealing with the relative effect of 

heredity a11 environment have boen made of twins, 0 Identical", monozygous, 

or on0-eg:s twins, nhich ar:i.sc from a sincle zygote; and. the fraternal, 

tt..rin.s havo identical and, as a result, make ideal mtbjects for stud-
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to illustrate the effects of difference i.11 heredity in a constant envi­

ronment. They will haV(;l differences in u.ar\1r of their genes, since the"J 

are n,:, more alike genetically than ;my other brother or sister in the 

family, yet they are mos-t likely to have a very similar environr..ent. 

The results of many of these studies ma.ires it apparent that heretiity 

places its imprint upor1 alraost ever3 aspect of human development and be­

havior and the environment modifies the effects of these genes. Thus the 

individual is a product of his environment as it acts upon bis hereditary 

potentialities. 

The inherit . .ance of twin.-1:tng is not, well established, however, cer­

tain fa.eta assoc:ia:ted w1:th trdn birth seem. to be reasonabfy well es.tab­

lished; (1) twin b:trths tend to clUBter in specific families, and (2) 

the fre1fi.lency of ti1:innin:& varies with ma.terna.l ago an-,.i some extent with 

parity. It has been estimated. that a mother who has given birth to one 

set of twins will at. her next deliver., repeat with another ttdn bi:rth 

approximat.::\l.y J.65( o.f the time. This per cent varies on the basis o.f 

whether the .first twin pair was monozysous or dizygous. If' the first 

pair was Jizygous, then the probabilitJ,' that the mot.her vlill repeat with 

another set of twins is 4.5.55.;. Howe·ver, if the first pair was monozygoue., 

then tha chance of a second set. of t·wins is only 1..43,:., not much higher 

than the probability of a tv.in birth in the general population. 

One of the most in1portant hur.ian factors influenced by heredity for 

t.he future of r.k"\n ia intelligence. There :i.s a'W,;:ile ev1d.ence to show that 

the a·,ftreme varia. ti :,ns in ne:n ta.l oa.paci ty a.t10ng hurmn beinGs are partly 

hel'OOitaey and partly environmental. Trainirit: plays ml important part it1 

bringing out inherent potentialities., but even ar:iong persons with similar 

training there aro great. variations in general intelli6ence, aptitudes, 
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and other characteristics. Since these variations are generally contin­

uous and not clear-cut, it is obvious that multiple genes are involved. 

Thus there a.re many cases in which var·iations in a single gene may have 

a very obvious effect on mental ability. A person may be born with a 

whole gene complex for a brilliant mind, yet also inherit a single pair 

of recessive genes for a particular type of idiocy, which would be epi­

statie to the entire complex and thus make the person an idiot. 

In spite of the extremely complicatGd problem of the inheritance 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. In general bright parents tend to have bright 

children, and dull parents, dull ones, however there are many exceptions 

to this case. Generall;t the children of parents at either 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 intelligence. This phenomenon is well il­

lustrated by the interesting case of a woman :moron with an r.Q. of about 

60 who could never learn to tell time by a clock, but could plaji the piano 

very nic1.1ly by ear. 2 

Epilepsy is a disease characterized by sudden seizures known as epi-

leptic fits. In the most extreme for.ms this develops into unconscious­

ness and muscular spasms. Some people have the disease in a milder form 

in which the fits are minor. Brain injury is known to be an environmental 

agent which can induce the onset of epilepsy., but the majoritjl of cases 

2A. M. Winchester, Genetics (New York, 19$1), P• 336. 
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arise vrithont such inj1u:: and have a he.rodita1.-;y basis. Sufficient st.udies 

have been r:iad.o to indicate that it is inherited as u dominant trait. 

'fhe study of hereditary rr..ental dei'octs ls of increasini:; ir.J.po:rtanco .. 

It seems that mental defects arc increasing in .froqiioncy.. Several mil­

lion people in the United Stutes have an I. J. -of abou,t 70 or lower. A 

largE:: munber of these ca.sos are 0£ hereditary ;;>ricin. The f'ecble-m.ind.ed 

becorae juvenile delinqaents, problem ct1ild.rsn, anct cases for public char­

it;:, and relief. They breed earl;;· and often so tend to increas~ thel:r kind.. 

The end result is n rapidly mou."lting bill of their oare and for dealing 

with the crimes that they commit. 

Maey oreanizations and persons are now interested in eugenics, a 

field of endeavor which seeks to better the human race by appl;;ing the 

principlti:s of c;cnetict;. Since it is not possible to control the m.:1tlngs 

between httrt,an beings, atte:npts are made to determine the facts: of human 

heredity, to educate the general public on the effects of g-ood and bad 

matings., and. to enc:;:>uraz-0 legislation 'that will prevent matings between 

obviously defective persons. Atte:mp·ts are .also z:w.uo to improve the o.n­

virorur..e,r1tal conditions under which h:urmn beincs develop and ll ve so as 

to c:ive the best possible expressions to the genetic constitutions pre­

sent in each individaal. :No .,11easurable aid. in huw.an genetics rrill be 

possible until much faller rec:.>rds on hu.ir.ta.11 inhe1·itance are available. 



CHAPTER IX 

CONCLUSION 

The result of this study revealed many facts which can be used by 

the teacher in teaching biology. It seems evident that everyone should 

have some practical knowledge about heredity, especially human heredity, 

Because this know-ledge will not be attained at home, it is left up to the 

teacher of biology to supply this information. 

The study did reveal many demonstrations, illustrations, and exper­

iments that can be perfon11ed by the teacher and pupils which would help 

the pupil understand the principles and phenomenon of heredity. 

Ma:n;y models and charts can be made by the students and teacher which 

will be vcr,y helpful as teaching aids in teaching different principles~ 

Plaster of Paris models, charts, -and polyethylene beado can be used to 

illustrate the different phases of cell di vision, types of off springs 

expected from a particular cross, chrornos o:nes, genes, crossing over, and 

many other pheno::1enon that occur in heredity. 

Recognizing the fact that human heredity is one of the most inter­

esting phases of the study of heredity to most students, the teacher can 

do much to interest the students by using the inheritance of huma.Tl char­

acteristics to illustrate macy genetic principles. ~1ith this in mind 

this study has been presented. 
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