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\ An Introduction

MENDEL'S CONTRIBUTIONS

The foundation of the modern theory of inheritance—-that hereditary infor-

~ mEtoN 1§ ransmitted-by distinct-units—was-first-proposed-by.a.monk_named.

Gregor Mendel. Before Mendel's time, inherited features were assumed t0

-be transmitted as though they were fluids. That is, the “bloods™ of the parents

were assumed to mix in the offspring. This is probably the origin of the idea
of “pure-blooded™ and “half-blooded™ living creatures.

A]lhough‘Mcndcl is recognized today as one of the truly grcal fames in
biology, he was largely unknown among his contemporaries. In fact, the great
significance of his investigations during the 1850s and' 1860's was not recog-
pized until 1900, sixteen years after his'death. In part, this was becaust his
experiments were performed in the seclusion of his monastery garden in
central Europe. Furthermore, he published his results in an obscure journal
and corresponded with few important biologists. .

Mendel's success in a field ‘that atiracted many other scientists can Ye
attributed largely to his methods. First, by studying only one characteristic
at a time (thatis, by taking a systems approach), he simplified the complex
hereditary system that frustrated other investigators. Second, mathematics
helped. By keeping track of the numbers of each type of feature, he was able
to predict the ratios that led him to hypothesize the particulate nature of

hereditary material. He also showed that particular traits would resegregate -

upon further Yreeding.

Mendel's work was done on the garden pea. "The structure of the garden
pea is such that it is normally self-fertilizing. However, Méndel cross-pollinated
peas by hand to prevent accidental pollination. After selecting peas that were
pure strain for the features that he was interested in, Mendel bcgan a seven-
year seri¢s of careful experiments by crossing the two pure strains. He carefully
collected the peas from the first-generation plants and found that they were

_all alike for the features he was studying.

- These first-generation seeds were planted, and each plant was allowcd to
fertilize itself. The resulting peas represented the second gcncratlon Figure
1 in Excursion 6-1 shows the results of some of Mendel’s cxpcnmenrs In fact,
Bxcursions. 6-1 and 6-2 both provide further background on this pioneer of

,gencdcs As shown in the figure, the trait from the pure strain that did not
Appear in the first generation rcappcarcd in'the second generation in a ratio-

of about 1 to 4 seeds. In other words, it seeme that one trait of the two

_purc-stram peas was hidden or masked for a’ generation by the other trait.

When it reappeared, the two traits were in a ratio of approximately 3 to 1.
The trait that seemed to-do the maskmg in the first gcncratlon Mendel

T3
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called dominant and indicated with n capital letter (for example, B); he vsed
the matching letter in lower case (for example, b) for the masked feature,
{ which he termed recessive. He explained how hidden features were transmitted
. ! using the concept that each individual contains a pair of these factors (two
bits) for a given feawure, and that cither of the two bits of information may
- be independently distributed to the offspring.
Although Mendel began with ¢rosses involving only one feature at a time,
he did not limat his studies to such crosses. Gradually Mendel produced plants

e s *thm'-'Wtrt"ptmr“nmin‘Tor"TWO'"'t’emure*s‘."'rjxrﬁ’ﬁ‘ﬁTéS‘““\‘vcrc smooth, yellow and ™

wrinkled, green seeds, described in Excursion 6-2.

When plants that were pure strain for the seed featurcs just described were
crossed, all the first-generation seeds were smooth and yellow. Mcnc‘icl then
planted the sceds and allowed the resulting plants to pollinate themselves.

At this point there was a problem in predicting the features of the offspring.

Did the features of seed color and seed shape always remain together, or were,

they assorted independently in the two gametes? Here Mendel ealled on a
; . branch of mathematics for help. '

) _ : Probability is the branch of malhcmali?xhal deals with the prediction of

chance events. Some knowledge of probability is very helpful in understanding
inheritance. Probability is measured on a scale that runs from 0 (impossibility)
" to I (certainty). For example, the probability of a coin’s being flipped and
coming up heads is .5 (or 4J. That is, we expect about half of a number of
coin tasses to come up heads. The probability of tails is also 4. Similarly, the
probability of a die’s turning up 3 is 3 : l
Of course, several events may occur at the same time. For example, we
may flip two pennies together. What is the probability of both pennies coming
up tails on the same throw? In such a case, the probability of the double
cvent is the product of the separate probabilities of the single events. There-
fore, because the probability of tails on each coin is 3, the probability of. tails
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Possible on both coins is § X §, or }. , _
sperm : - ) . . .
t One of Mendel’s important findings was the independent assortment of two
or more sets of bits. Thus, the ideas of probabilil‘just discussed apply to
Possible 7 | Tt | Tt genetic combinations just as they do to tosses of comffs or dice. .
®99s [T+ [*"  The “Punnett square”-is a convenient way of predicting the features and
. probabilitics of offspring from various crosses. In this method the bits from \
Figure 1 cach parent are listed on the sidles of a square or rectangle. The possible unions %
of the various types of bits are shown in the boxes of the square.
Possible Figure, | -illus‘tratcs the use of this method with the cross of a single trait—
oL T’p“": tallness, The spérm are pure sirain for dwarfness (tt) and the eggs are pure
: strain for tallness (TT). . - _
Possibie T | TT | Tt The.first gencration shows a probability of { Tt in each square. Thi.s is
eggs because § of the bits for each parent are t and T. § X }is § for each offspring.
t ] Tt tt - : . oy o - 9 el
. Of course, all four squares are alike, 50 the. probability of a Tt offspring is
Figure 2 4 X }orl : - , '
- : Figyre 2 shows the cross of two first-generation offspring, each Tt. Each
T4 parent is thus § T.and } t. e '
( L . . . N . . 7 ’ ]
. %
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The sccond generation shows a } probability for TT AT x}7T)and }

" probability for tt. There are (wo ways that Tt can result, so the prébability

132 X § X ) or §. This meaus that the probabilities are for 1 out of 4 to

be TT, 1 out of 4 t be tt, and 2 out of 4 (or ! out of 2) to be.Tt. The “bit™

r makeup (called genotype) of a TT, tt, or Tt is different. But in appearance
g
i
i

(called phenotype) the TT and Tt are (Sc same, wusc of the masking of
.the recessive trait, t, by the dominant trdit, T So ph
bility is for 3 to be tall pnd 1 o0 be dwarf_

When Mendel followed two features at the smme time, as in Excursion 6-2,

o

notypically, the proba-

~..--—-.-.~.._:~.,. D M N -.nhc»-mun»d—onc-eAn—ga
that for a single feature.
The parents of the first generation were pure strain for smooth, yellow pczis
(SSYY) and wkinkled, green pchs (ssyy). In Figure 3. two of the first genera-
tion were crossed (remember. all first generation were the same-—smooth,
yellow seeds, SsYy). ' ’ '

’ Possible sperm
Sy Sy . 8Y sy

SY | 88YY | SSYy | SaYY | SsYy
_ Possible S,iy SSYy | SSyy | SsYy Siyy
/ ®99% oy | ssyv | ssvy | ssyy | ssvy
e / _ ) ‘sy { SsYy Ssyy ssYy | ssyy
Figure 3 .
'}
. The probability of each bit (S, s. Y. or y) is*]. Therefore. the probability

of any one square is § X §, or {5, When the phenotypes of all the squares

are totaled, we see that there are 9 chances in 16 for smooth, yellow seeds,

3 in 16 for smooth, green. 3 in 16 for wrinkled, yellow. and 1 in'16 for wrinkled,

green peas. ' . -

Modern views show that Mendel's conclusions were basically eorrect, but

) too simple to explain all observatigns. For example, crossing-over may compli-
cate application of the simple two-bit model. The bits of information from

' the parent for one feature may be exchanged with those for another feature.
Or one bit may not be dominant over another, but instead the two different

traits may blend. The morning glory example in Chapter 7 and Excursion
7-1 illystravgs this. Alsd, research since Mcndcl’s time indicates that there may"

be more than two bits for any given feature. . : >

| | GENETICS SINCE MENDEL

¥

L ! . : N . *
A gma‘l deal of rescarch has been done and countless books written on the

~ subject since Mendel’s time. Much of the terminology has changed. In the
student text, however,terminology has been kept to a minimum. You probably

o

v

in"Thit probabilities worked out In a manner similar to .~ 777
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'Te

5!\04() remind yourself that this is not a course in geneucs. The text should

be allowed to carry the sludcntmnough the.development af a simple model

for inheritance. Furidamentally, (Ris is the two-bit model proposed by Mendel.
£ Some teachers may have a definite orientation and extensive training in
genetics. Others may have varying amounts of expertise in the subject. There
may be some whd would welcome an introduction to the modern terminology
and concepts,"'not for the student’s use. but for their own use.

The twentieth century has seen the acvclopmcnl of the concept of chromo-
somes and genes. Chromosomes, sometimes referred to as the “threads of life,”
arc located in the cell nucleus. Their number varies with different plant and
animal species. They are paired, and in a.process called mitosis, each new
cell that results from cell division receives a complete complement of chromo-
somes, called the diploid number. However, in the process of formation of
gametes, or rcproduétivc cells, the chromosome number is halved, with each
gamete receiving only one of gach pair, called the monoploid number. This
process is called meiosis. Wheif the male and female gametes (sperm and cgg)
unite, the chromosomes pair up again to the. full number. -

Genes, which correspond to the factors or bits of information-in the Men-
delian model, are located on the chromosomes. If two genes affect the same
characteristic of an organism in contrasting ways, and if'a gamete cdn contain
either one but not both of the genes, then the genes are said to be the alleles
of cach other. Alleles are situated at the same location (locus) on the same
type of chromosome.

Gene names are usually abbreviated, commonly with a letter of the alpha-
bet. If the gene seems to mask its allele in the first generation, it is spoken
of as zdomina‘nl. The masked allele is recessive to the dominant gene. By
convehtion, the dominant gene is indicated with a capital (B), while the reces-
sive Is expressed by the same letter in lower case (b). -~

It 15 not always possible to tell from the appearance of an organism what
its genes are. Therefore, it is-often helpful to distinguish between the pheno-
type of an organism (its appearance) and its. genotype (its genetic makeup).
In general, BB and Bb organisms would be phenotypically indistinguishable,
but would be genetically different. — ' :

If bothfgenes of a yair are the same allele (BB or bb), the organism is
said 10 be homozygous for that feature. If the paired genes are different (Bb),
the orgamism is described as heterozygous for the feature. Hybrid is another
term for heterozygous, and pure strain represents the homozygous condition.

Because the genotype of an individual cannot always be determined by a
study of its phenotype, the test cross (sometimes called backcross) is often
helpful. In g test cross. the/individual is crossed with another individual that
is homozygously recessive for the feature that is of interest. The nature of
the offspring allows one to infer whether'the original individual was homo-
zygous or heterozygous for the feature.

. Mendel did not postulate a connection between his bits of information and
sex determination. Nor did he investigate certain characteristics that are linked
with the sex of phe individual. Noimally the members of a pair of chromo-
somes are similar in appearance. However, those in one patr, the X- and Y-,
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or sex, chromosomes, are easily distinguishable. In humans an XX individual
18 a female, while a male 15 XY. In other orgamsms this arrangement may
be reversed. Vanious abnormalities may be associated with unusual arrange-
ments of sex chromosomes (XXY. XYY, etc.)

In most cases it makes no difference whether the mating is Bb 3 X bb 9 or
bb 3 X Bb ¢. However, there are gcncs that do_not p‘élmvc identically in
rcaprocal matings. Among these are the sex-linked gerles. :

"Sex-linked genes are located on the X-chromosome. Like most other chro-

“mosomes, the X-chromosome is made up of many genes. Howcvcr lhc Y-

chromosome seems to contain few if any genes.

Thus, a sex-linked gene in"a female 'may be TEcted By s roumnrerpart-at——-

the same locus on the other X-chromosome. However, because the Y-
chromosome is a genetic blank, there is no allele to interact with the sex-linked
gene on the X-chromosome.

Several human disorders are known to be caused by sex-linked genes.
Red-green color-plindness and hemophilia are two comnion cxamplcs Both

of these difbrders are much more frequent in males than they are in females.
For example, in the United States the frequency of red-green color-blind men
is about 1 in '12. The comparable figure for women is | in 144.

Because ¢ of United States males are red-green color-blind, we can assume
that about # of the X-chromosomes bear the gene. For a female to be color-
blind, she must ave two X-chromosomes with genes for color-blindness. (If
she is heterozygous for the gene, she is merely a carrier.) Thus, for women,
ty of B (or ¢fy) will have X-chromosomes bearing the recessive gene for color-
blindness.

Another thing that Mendel dnd not investigate was the details of the ¢ffect
of enviranment upon the expression of inherited features. We now know that
an individual’s genes determine what he.may become, but it is the interaction
between genes and environment that determines what he does become.

AN OVERVIEW -

The.study of heredity, especially as it relates to human features, holds a
fascination for students of all ages. Most of the activities in thi$ unit are

- simple and easily accomplishcd within the classroom. A few may be done

at home. The activities will help students develop a simple and acceptable
model to explain the basic pattern of inheritance.
The student begins by exapmining a culture of fruit flies (Drosophila melano-

~ gaster). THe flies are a pure strain for curly wings of brown eyes. The student’s

flies -are mated with flies of the opposite sex kaving a different expression
of a feature (i.c,, red-cyed flies are mated with brown-cyed flies, or straight-

~winged flies are mated with curly-winged flies).

The ﬁrst-gcncratnon offspring are comparéd with their parents. The student
then designs an-experiment tg produce second- -generation offspring by mating

'specnmcns of the first gcncratlon. Fruit- ﬂy generations take about two weeks

to ‘develop. -




;} While warting for the fruit flies to develop, the student studies the physical
, features of several generations of bean setds, pea seeds, and tobacco seedlings.
For example, he scoops bean seeds from a bag to determine the ratio of one
feature to another, and thereby discovers a pattern of inheritance. Then, given
packages of peas, the student uses his model to predict the feature vanation
and ratios before opening the puckages. The pattern of ipheritance he finds
here helps him interpret the resylts of his fruit-fly experiments.
An imaginary organism—the ninsect—allows the student to conduct several
hypothetical crosses and to follow the inheritance of several features at a time.
S wmmn e frheritance-tn-the -ninsect-is-quite-stnitar-to-the- inheritanee-of -“either-or™-
"~ features in humans. An either-or feature is one in which the trait is cither
present or absent in an individual, with no possibility of a partial occurrence.
The taste test in Chapter 5 is an example.
\

GENERAL INFORMATION .

- Each_chapter of the Teacher’s Edijion contains an equipment list for that !
, . chapter. The same is true for each éxcursion. In addition, the last page of - ‘
] each chapter alerts you to preparatiorisTmécessary for the following chapter.

Among the materials listed will be some items that must be supplicd locally.

These include white cards and straight pins for Chapter 1; bags and boxés
. for Chapter 2; envelopes, paper clips, and paper towels for Chapter 3; paper &

bags for Chapter 4; and boxes, rubber bands, and paper clips for Chapter

6. In addition, there are the optional materials for Excursion 1-1, coins for

Excursion 4-1, and paper towels and scissors for Excursion 7-5. You also need

the jar containing motor oil for the dlspo§al of discarded flies in Chapter 1.

‘GET READY NOW FOR CHAPTER 1

Al(hough a few adults may be emerging, most of your frunl})é?ho
arrive in the pupal stage. Your first task will be 1o subculture them?/This sho

S o . be started when there are from 20 to 30 adult flies in- your cultures. To !ub—
4 culture, place 5 males and 5 females from rhe same ciiure into each subculture .
vial. As flies become available, continue separ ngr them until you have
cnough for your class requircments. Keep vial¢“in a\temperature range of

. 65°-80°F. Lower temperatures slow the life cygl€, and higher temperatures may
render the flies sterile. Refer to Excursion 1-3 for data on the effects of various

'-lcmperaturcs. Label each vial with a # 1 in the lower rﬂghl—hand corner, the - ¢

type of mutant in the upper right-hand corner, and the date of transfer. Do

4 not mix the cultures. Refer to the activities in Chaplcr l of the text for thc

~ ' handling technigues you should use.

' ’ ‘All the material dealing with fruit flies is in Chapter l\ However, students o
cannot work through the materials consecutively. Instead, tshcy will go on with ‘
other ghapters while the frujt flies from lhcll‘ crosses dcvelqp Sludcnls should

TS check their fruit-flies daily. '
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. - ~  Foreword

v

A pupil’s expe’riences between the ages of 11 and 16 probably shape his
ultimate view of science and of the natural world. During these years
most youngsters become, more adept at thmkmg conceptually. Since
ooncepts-are At the heart of science, this is the age at which most stu-
dents first Bain the ability to study science in a really orgamzed way.

\

" Here, too, the corimitingnt for or against science as_an interest or a_

vocation is often made. <
Parddoxically, the studénts at hl§ ritical age have been the ones
least affected by the recent ¢ffo oduce new science instructional

materials. Despite a numbe, of Comn‘iendable efforts to improve the

isituation, the middle years stagd today. as a compa¥atively weak link in
science aducation between th&tapidly changing elementary curriculum
-and the recently revitalized hjgh school science courses. This volume
and its accompanying materials represent one attempt to provide a
sound approach to instruction for this relatively uncharted level.

. At the outsét the organizers of the ISCS Project decided that it

would be shortsighted and unwise to trysto fill the gap in middle

school science education by simply writing another textbook. We chose

instoad to challenge some of the most firmly established concepts

about how to teach and just what science material ¢tan and should be

taught to adolescents. The ISCS staff have (endc%to mistrust what
-authormcs believe about schools, teachers, children
we havc had the chance to test these assumptions in actual classrooms

with real children. A¢ conflicts have arisen, our policy has been to rely * -

more upon what we saw happening in the schools than upon what

authorities said could or would happen. If is largely because of this- -
~ poli¢y that the ISCS materials represent a substanual departure from
- the dorm.

The pnmary difference between the 1SCS program and morc con-

‘ventional approaches is the fact that it allows each student to travel

.

nd teaching until
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" at his own pace, and it permits the scope and sequence of inslructjon -

o vary with his interests, abihties, and background. The ISCS writers
have systematically tried to give the student more of a role in deciding
what he should stirdy next and how soon he should study it. When the
materials” arc” used as intended, the ISCS teacher serves more as a
“task easer” than a “task master.” It is his job to help the student
answer the questions that arise from his own study rather than to try
to anticipate and package what the student needs to know.

There 1s nothing radically new in the 1SCS approach (o instruction.

Outstanding teachers from Socrates to Mark Hopkins have stressed the
need to personalize education. ISCS has tried to do something more
than pay lip service to this goal. 1SCS’ major contribution has been to
design a system whereby an average teacher, aperating under nornfml
constraints, in an ordinary classroom with ordinary children, can n-
deed give maximum attention to each student’s progress.

The gevelopment of the ISCS material has been a group cffort from

" the outset. It began in 1962, when outstandingeducators met to decide

what might be done to improve middle-grade science teaching. THe
recommendations of these cbnfercnce§ were converted into a tentative
plan for a set of instructional materials by a small group of Florida
State University faculty members. Small-scale writing sessions con-

ducted orr the Florida State campus during 1964 and 1965 resulted in \

pilot curriculum materials that were tested in selected Florida schools
during the 1965-66.school year, All this prelithinary work was sup-
ported by funds generously provided by The Florida State University.

In June of 1966, financial support was provided by the United States
Office of Education, and _the preliminary effort was formalized into
the ISCS Project, Later, the National Science Foundation made sev-
eral additional grants in support of the ISCS effort.

The first draft of these materials was produced in 1968, ‘during a .

summer writing conference. The conferees were scientists, science
educators, and junior high school teachers drawn from all over the

United States.” The original materials have been revised three times -

prior to their publication in this volume. More than 150 writers have

‘contributed to the materials, and more than 180,000 children, in 46

states, have been involved in their field testing. )
We sincerely hope that the teachers and students who will use this
material will find that the great amount of time, money, and effort

‘that has gone into its development has been worthwhile.

" Tallahassee, Florida The Directors

February 1972 INTERMEDIATE SCIENCE CURRICULUM STUDY
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The word science mcans a Jot of thmgs All of the mcanmgs are “right,”
but none are complete. Science is many things and is hard to de-
scribe in -a few words.

We wrote this book to help you understand what science is and what
scientists do. We have chosen to show you these thmgs instead of
describing them with words. The book describes a series of things for
you to do and think about. We hope that what you do will help you
learn a good deal about nature and that you will get a feel for how
scxcntlsls tagkle problems. !

How is this book dmerenl from other textbooks?

*This book: is probably not like your other textbooks. To make any
sense out of it, you must work with objeéts and substances. You should
do the things described, think about them, and then answer any ques-
tions asked. Be sure you answer each question as you come to it.

" The questions in the book are very. important. icy are dsked for
three reasons: _

1. To hclp you to thmk through what you see and do. i

2. To let'you know whether or not you understand what you’ve done.

3. To give you a record of what you have done so that you can

use it for review. . .
"

How will your class be organized?

Your science class will probably be quite different from your other
classes. This book will let you start,work with less help than usual
from your teacher. You should begin each day’s work where you left
off ‘the day before. Any equipment ard supphes,nccdcd will be wait-
ing for you. : .
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Your teacher will not read to you or tell yau the things that you are
to learn. Instead, he will help you and your classmates mdividually.

Try to work ahead on your own. If you have trouble, first try to
solve the problem for yourself. Don’t"ask your teacher for help until
you recally nced it. Do not expect him to give you the answers to the
questions in the book. Your teacher will try to help you find where
and how you went wrong, but he will not do your work for you.

After a few days, some of your classmates will be ahead of you and
others will not be as far along. This 15 the way the course is supposed
to work. Remember, though, that there will be no prizes for finishing
first. Work at whatever speed 1s best for you. But be sure you under-
stand what you have done before moving on.

Excursions are mentioned at several places. These special activities
are found at the back of the book. You may stop and do any excursion
that looks interesting or any that you feel will help you. (Some ex-
cursions will help you do some of the activities tn this book.) Some-
times, your teacher may ask you to do an excursion.

A
What am | expected to learn? . . , .

-

During the year, you _will work very much as a scientist does. You
should learn a lot of worthwhile informatron. More important, we
hope that you will learn how to ask and answer questions about
nature. Keep in mind that learning how to find answers to \y,_uesn’o’ns is
Just as valuable as learning the answers thentselves. o

Keep, the big picture in mind, too.h]iach chapter builds on ideas
already dealt with. These i1deas add up to some of the simple but

powerful concepts tf)at are so tmportant in science. If you are given a- -

Studenit Record Book, do all your writing in it. Do not write in this
book. Use your Record Book for making graphs, tables, and diagrams,
too. . N
From time to time you may notice ‘that your classmates have not
always given the same answers that you did.’ This is no cause. for
worry. There are many right answers to some of the questions. And
in some cases you may not be able to answer the qucsﬁons. As a
matter of fact, no one knows the answers to some of them. This may
seem disappointing to you at first, but you will soon realize that there
is much that science does not know. In this course, you will learn
some of the things we don’t know as well as what is known. Good luck!
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EQUIPMENT LIST
Per student

3 plastic vials, with caps

1 fruit-fly culture

1 dropper bottte of ather

Y etherizer (consisting of an aluminum funnel.
30 cm string, and a 50-m! plasuc beaker)

Red Eyes and
Curly Wings

Excursions 1-1, 1-2, 1-3, and 1-4 are keyed'

to this chapter.

A\
1 white card

1 hand lens
1 amall brush -
1 petri-gish lid
1 spraight pin
8 Ml fy tood

20 cm masking tape (or 3 labels) ’

] Chapter 1

~ CHAPTER EMPHASIS

The student uses fruit flies in tollowing traits
for genetic inheritance through succeeding
generations. The chapter sets the stage for
the whole unit and serves as the vehicle for

applying a simple model in genetics. .

Loy

Has anyone ever tqld you that you look like your father?
or your mother? or your brother or your sister? Possibly
someone-has, because parents usually pass along sdme of
their features to their children.YBut how does this happen"
Just how can a parent send a message like “Form blue eyes”

to an unbotn child? What color eyes does the child end up
with when the message from one parent says “Form blue
eyes” and the second parent’s message says “‘Form brown
eyes”?

In this unjt you will try to answer questions like these.
In it you will compare the features of parents with those of
their offspring. You will breed flies, study beans and peas,
and look closely at some of your own features and those of
your friends.

The two big questions in this unit that yoﬁ will try to
answer are these: *

1. Is there any pattern to the way features are passed from

. parents to their offspring?

2. What kind of model will explain how features are
passed from parents to their offspring?

For the next few weeks, you will breed and observe insects
called fruit flies. Much of what we know about how features
are passed along has come from studies of fruit flies. Your
problem is to compare the features of parent flies with those
of their “children” and “grandchildren.” Getting the
“grandchildren” will take about four weeks because it takes
fruit flics about two weeks to produce offspring.

I
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MAJJOR POINTS

1. Organisms generally have many features in

" common with their parents.

2. There seems to be a pattern to the passing
of features from parents {o offspring.

3. Careful experimentation aids the s!udy of
inheritance of features.

4. The study of inheritance of teatures is fa-
cilltated by using a systems approach.

5. Fruit flies may be anesthetized with ether
for observation and handling

6. The term pure strain is explained and op-
erationally defined.

7. The lite cycle of the fruit fly requires about
two weeks.

8. The stages in the lite cycle are egg, larva,

pupa, and adult.
9. The male and female of the adult fruit fly

differ in appearance.
10. Male and female fruit flies with different
features can be mated.
11. The two-bft mode! helps explain how fea-
tures are passed from parents to otfspring.
12. The sclence that studies mhentance is
known as genetics.

]
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Excursion 1-1 is short-and should be done by
mosl students to bring them to a mimimal level
ot understanding of some terms used in the
unit.

You should have the label on Vial =1 ahead
of time. Each vial should De labeled with a #® 1
in the lower night-hand corner. the type of
mutant strain in the upper right-hand corner.
and the date of transfer.

To ensure that a suitable supply of varmr'\ts

is avaitable for student crosses, alternate be-
tween types of {liss as you dlstribute cultures
to the students.

-

Notice that the students shoﬂlé’ork in pairs. .
“Also note the time caution. Timing and sched-

uling are very important in this unit.

2 .- CHAPTER -1
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To fully understand what you will do, you need to know
how plants and animals reproduce. To find out if you )do
answer the following checkup questions.

CHECKUP

¥

1. What is a “sperm”?

2. What s an “egg”? : ’

3. What happens when a male animal and female animal

“mate”? :

4. How do plants produce seeds? - ¢

Check your answers by quickly reading through Excunlon

LS -

NS ca . ' .
ACTIVITY 1¢1. Pick up a #1 vial. - The vial should contain 5§

or 6 fruit flles. Write your name, your class, and the date on
the vial's label. Do not remove the cap yet.

DAVID BROWN
CLASS 4 ’
9-13-72 ™1

Note Téke good care of your flies. The flies in vial #1 are
yours alone. You must keep them alive and healthy for the
next four weeks.

Before you can study the features of your flies, you will
have to know how to slow them down without hurting them.
Youalso must learn how to tell male fibes from female flies
and how to prepare food for the flies. Thé next few activities

‘will teach you these things. Work on thcsc acuvmcs with a

partncr

Time Caution” Do not-begin the next activity unless you have
ar least 30 minutes of class time left. - :
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I’s pretty hard to see the features of fruit flies in your vial
because they move so fast. It's fairly casy, however, to slow
down the flics without killing them. You just put them to
sleep with cther. Be sure to follow these directions carefully. -
Too much ether will kill your flies.
Cautlon  Ether is not dangerous when used properly, but:
. Be sure there ar¢ NO flames in your room."Ether fumes
' can be explosive,

2. Air should move through your room easily. _

) 3. Keep the ether bottle capped when you aren’t using it.
4. Don't breathe. the ether fumes yourself.

To learn to slow fruit flies, you ‘will need your vial #1

and these materials: '

I plastic bottle’ containing ether ,

I etherizer (made from a funnel, string, and a 50-ml plastic
- beaker) ) S
1 white card

1 hand lens

1 small brush

I petri-dish lid

If no finished etherizer is available, you will have to build
-your own. Activity 1-2 shows how to do this, and Activities
1-3 through 1-7 tell you how to use it.

R

ACTIVITY 1-2. Build the etherizer as shown. Be sure to bend
the end of the funnel outward. -

Bend out the end
of the funnel stem
with a pencil.

USING A
"FLY SLOWER"

»

FOLLOW ALL 8 SAFETY RULES

AN
5. Keep very small amounts of ether in the
dropper bottles. A level*of 1 c¢cm of ether is
Ideal.
6. Be sure there are no pilot lights in the
room.
7. Ingist on the dropper bottles being on the
supply table when not in use.
8. Provide adequate ventilation.

Some-teachers prefer to construct the sther-
izers themselves. Others aliow students to do
it. A plastic pen, a pencil, or a piece of }-inch
dowel can be used to make the flair in the
funnel. - *

Wrap atring and tle..




ACTIVITY 1-3. Add 3 or 4 drops of ether to the string. Cm-
media‘lely place the funnel in the 50-ml beaker Turn the tunnel
and beaker over on the table.

Add 3 or 4 drops of ather.

ACTIVITY 1-4. Gently tap your vial #1 on a book to knock
all the flies to the bottom.

Stress the importance of care in handling the .
fhes Your supply is limited, and accidental !
releass. drastic temperature change, or !
over-etherizing can be a serious setback. In .
an emergency, you might be able to obtain

flies from local colleges universities, or high

schools:

4 Tap gently on book

-~ .

ACTIVITY 1-5. Tap the vial whenever necessary to keep the
flies near the bottom. Quickly remove the cap Irom the vial T
and set the etherizer over the opening as shown

Continue tapping and
place etherizer a

over the vial.
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o P L . After the students have etherized their flies in

'W\ . _ Aglivity 1-7, they should put the funnel and

heaker some place wharo the lumes wiil not
Jdittuse into the room. You might want to use
a widemouthed jar (pickies, mayonnaise) with
a screw cap. Studen]s could be instructed to

return the funnel and beaker to the supply

Y

able and put them inside the jar. This would
have the added advaniage of making the
etherizers available to other studeants. of

ACTIVITY 1-6. Quicklx tip the two containers as shown. Tap coutse. if you have a vented fume hood or’

the vial gently until all the flles drop into the beaker. gg‘ﬁ; sz., of ventilation to the outside. {t can

&

ACTIVITY 1-7. Replace the cap on the vial and set it aside.
Put your finger over the opening in the funnel to trap the ether’
fumes. As soon as the flies stop moving, remove the funnel
and pour the flies-onto a white card. Warning: Do not over-

etherize your files gr they will die.

.

You can tell ‘if yow've - overetherized a fly by its out-
stretched wings. If you kill any flies, get rid of them. Your
teacher will tell you where to put dead flies. -

Figure 1-1
Do your flies twitch? Flies often twitch during sleep. 80
“dog’t worry if one moves. But if & fly should start 1o walk,
place a drop of ether on the card hear the fly. Then cover
" the drop and the fly with the lid of a peti ‘dish for a moment
until the fly goés back to sleep.



CHECKING
YOUR FLIES

1-1a. Slralght or curly: the curly wings do not

le frat against the body of the fiy

b. Red or brown (Brown eye Is often called
a8pia.’)

c. Light brown, with darker stripes around

lower body

d. Seven, or less, siripes

e. Wing size may vary. Most other variations

are too smail to be readily seen with the hand

lens. If the student finds a unique variation,

you might let him try a ¢ross with the variants

as & special problem brqm.

1-2. Each student's flies should be alike, be-
cause all the flies in each vial are of one pure

strain. Hopelully students will see the differ-
enhces batween male and female flies, how-
ever. )

‘Study your flies with a hand lens. If you need to move them,

do so gently with-the aid of the small brush.

[J1-1. Describe your fruit flies. List at least five featuros,
a. Shape of wing
b. Eye color
.¢. Color of body
d. Pattern on body
e. Other features

[J1-2. Are all your flies alike in each feature, or o the
features vary from fly to fly? . ;

Look closely at the tail ends of the flies. You will find that
they are not all alike. Separate the flies into two groups on
the basis of the shape of their talgcnds If you separate them
“correctly, one group will contaih only male flies, and the
other group will contain only females. Male flies have a tail
end that is blunt anl definitely black. Female tails are lighter
and more pointed. :

[11-3. Study the two groups closely. Then list any other .
differences you find between males and females in Table 1-1
~* of your Record Book. {Return all flies to vial # ! when you
are through studymg them.) . . '




Male

Female

Detinite black il end Lighter tail end

Table 1-1. The student may nole a difference

Blunt tail end Pointed tail end

in size between male and female Body and
wings of the male tend to be smaller than

those of the temale fly. There are other ob-
servable differencas. such as the sex comb

on the male It 13 sometimes quite dithcult to
distinguish the sex of very young flies. and

you may have to help students. One stray
male In a vial can negate the crossing experi-
ment.

Table 1-1

’ A}

To do many of the activities in this unit, you must be able
to tell the sex of flies. Before going on, be certain that you
can tell the difference between male and female flies. Figure
1-2 will help you do this. You may also want to check with
your teacher on this. ‘

e

N

Figure 1-2

Female 9

" Now you are almost ready to mate (cross) some of your flies.
Before you do, though, you should know that not everyonge
'n your class has flies with the same features. Some people
have flies with red eyes, while others have brown-eyed flies.
Also, some flies have straight wings and some have curly
wings. Compare your description of your flies (question 1-]1)
with your classmate’s descriptions. Find a partner whose flies

differ from yours in eye color and wing shape,
_ _ S

——

(11-4. Describe exactly how the features of the two sets of
fsﬂfigs differ by completing Table 1-2 in your Record Book.
o . , N . N

’ \

. B

+

25 -

4

o, Ay s =
St artayaee foep oy
TR SPCANTEYITON

TN YTy
S SR 1 i e LA TR
N Bflan 0 B el pHovd

‘

SR

* ' Q
. 5

b,

3 AN, U F R

it

Ventral view of

»

mn! abdomen

Ventral view of
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Note that the partner called for in this case
is nodnecessarily the same as previously. This
case calls for one person to have stranghl—"
winged, brown-eyed flies, the other person to
have curly-winged. red-eyed flies.

- -,CHAPTER1 7
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Features YouhYial a | Partner's Vial # 1

Shape of wings ° ;

Eye color

Table 1-2

This .explanation of pure strain is important You will read the term pure strain a lot in this unit. HCI‘C’S

Together with Figure 1-3. it should give the . . : .
sludent the necassary understanding fo make what it meany. When two flies from a ‘pure strain for red

the operational definition on the nextpage As  €ye color are mated, all their offspring will have red eyes.
8;::’:“2:23‘-s‘zv'g:g:'3:;::*;"2‘:;°N3&5'(h‘;‘: t:g If two of these offspring are mated, then their offspring also
two pure strains iustrated conaist of curly- Wil have red eyes. Similarly, the parents and grandparents
Bvrig?vzdiséf)?;?’f".‘,’y;'(;";;s“d straight-winged.  of: the pure-strain flies had to have red eyes. (See Figure

' B 1-3.) In a nonpure stram of flies, other eye colors might show

up in the offspring.

Figure 1-3
’ Pure Strain 1 o Pure Strain 2

Red eyes \p Brown eyes
[Curly wings Straight wings
Great '
grand-
parents

)

Aed syes ?ywn eyes
t

Curly wings raight wings

Grand-
parents

Red eyes . Brown eyes
Curly wings ~ Straight wings

{Red ayes Brdwn eyes ' J’
Curly wings Straight wings

L]

Children

-

_ Red oyes Brown eye#
Al Curly wings Straight wings_*
future
oﬁspﬂng '

A
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(11-8. Give an operational definttion of pure strain.

ou have forgotten what an operational definition is and
how ‘write ong tbrn to Excursion 1-2.
[:]1-3. Suppose you mated a red-eyed, curly-winged fruit fly
with a brown-cyed, long-winged fruit fly. If both flies are
from a pure strain, what color eyes and what shape wings
do you predict that the offspring will have?
4

Shortly you will test your prediction. To make the test,
you will mate some of your male flies with a classmate’s
female flies (or vice versa). Then you will compare the fea-
tures of the offspring with those of the parent flies. Flgurc
1-4 shows the plan.

F-Jc;male fliea

1-8 From the preceding explanation. pura
strain could be operationally Yefined as a
strain with a feature that has shown no vana-
tion over several generations Excursion «1-2.
keyed hero. can help with the definition

Y EXCURSION

1-8. Accept any answer here. The student
really does not have adequate evidence or
experience (o anticipate the features of the
offspring. Later he will be able to check his
prediction agalnst hls own expenmenml find-

ings.

Figure 1-4

¥ Your _ ¥ —fA claasmiate s .
pure strain pure stra n
%‘V flies q) Mt{) flles
. . l,n
. ; W ‘;1( %
Omprlnq

When you put your flies with your clasgmate’s flies of the
opposite sex, you hdpe they will mate anzir;»lroduce offspring.
But suppose the female flies had already mated before you
put the flies together. Then the parents of the offspring
produced would be from the same pure strain, not from two
different pure strains (yours and your classmate’s).

(11-7. Spppose this happened What do you prcdlct the
offspring would look like?

Fortunately, femalé fruit flies cannot mate for at least ten
hours after they hatch. So if you select, for your experiment,
female flics that have .been adults for less than ten hours,
you can be sure that they have not mated. Such flies are
called “virgin females.”
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MATING YOUR
FRUIT FLIES

CHAPTER 1 9




Nbte the italics regarding teacher help. Note
also that the mating times in the first column
of the Clearing Ghart, Table 1-3, are all tor
Thursday With the average life cycie of the
fruit tly being 12 to 13 days, this affords a
better probability of adult tlies appearing on
a weekday. (However, the tite cycle can vary
greatly. depending on temperature. See Ex-
cursion 1-3 tor detaiis.) Then the next cross
can be started with virgin females on a week-
day also. However, the clearing chart can be
written for any day of the week it you are
willing to clear the vials between 5 and 10
hours after the aduitls appear, on whichever
day this occurs. This might entail clearing the
vials on a weekend.

These new vials of flies that are returned
you (step 7) are pure-strain {lies and are suit-
able for use by other students. However, re-
member that the females may not be virgin
flles. . .

10 CHAPTER 1

First you need to clear your vial and your partner’s vial
of all female flies that may already have mated. Activity 1-8
will show you how to do this. But before you do the frame,
you need to check your timing,.

The trick s to clear your vial and your partner’s, five to
ten hours before you plan to cross flies from the two vials.

*Ask your teacher for help on timing this correctly. Table 1-3

will help you and your teacher to plan properly. Do not fry
to plan your clearing time without your teacher’s help.

Table 1-3

CLEARING CHART

If you plan your
mating (o start at

You must clear the female from vial #1

* —no carlier Yhan

. —no later than

7 aMm.* Thurs.
8 aAm* Thurs.
9 aAm* Thurs,
10 Am.* Thurs.
1t Am Thurs.
12 AM* Thurs.
1 p:Mm. Thurs.
2 p.M. Thurs,
3 p.m. Thurs.
4 p.M. Thurs.

9 p.M. Wed.
10 p.M. Wed.
11 P Wed.
12 p.M. Wed.
“1"am Thurs,
2 AM. Thurs.
3 Am Thurs,
4 aMm. Thurs.
5 a.m Thurs.
6 AM. Thurs.

2 aAM Thurs.
3 AM Thurs.
4 AM Thurs.
5 aM Thurs.
6 AM Thurs.
7 am. Thurs.
8 aAM. Thurs.
9 AM Thurs.
10 A.M. Thurs.
11 A Thurs.

*If your class meets during one of the starred haurs, you will probably have )

to do the clearing at home.

[y

d

‘When the clearing tiine that you and your teacher have
planned arrives, go ahead with clearing your vial and your
partner’s. Activity 1-8 will show you how clearing is done.

ACTIVITY 1-8. Five to ten hours betore your planned mating,

'you should do the following: - N

3

1. Uncap an empty vial. ‘
2. Tap vial #1 until the flles are on the bottom.
3. Uncap vial #1. Qulckly tum the empty vial over the

opening.

. Tap the side of vial #1 until all the flies 'Iy into the omply

vial.

. Quickly recap the new vial.
. Recap and keep vial #1. ._
. Give the new vial of flies to' your teacher.

. - ’
,‘h f

i




»

Tap vial #1 untl) nd
fly into the empty '5
vial above.

Give the new vial
to your teacher.

If your clad meets early in the morning, you may have
had to take the vials home to do thg transferring there. If°
you do this, return the new vial to your teacher the next
morning,.

In the food material at the bottom of vial #1 are fruit
flics at various stages of their life cycles. New adults should
hatch within five to ten hours. These are the flies you will
use for your mating experiment. If you have to wait for new
adults, go ahead with Activity 1-9. Then read ahead in the
next section, “What Happens Next?' to learn about the
details of how fruit flies develop.

Before you begin your mating experiment, you need to
prepare vial #2 contammg fly food. To do-this you will need
these items:

- 1 clean ¢mpty vial with cap
| stranght pin
1 50-ml plastic bcakcr
I packet of fly food- =

N

ami fpod\

Cap and keep vial # 1.

ACTIVITY 1-9. Add 6 mi of food and 4 ml of water to the
plastic vial. Add o this vial (vial #2) a label with your name,
your ciass, and the date.

4 m| water -

n




Tap the vial slightly.

ACTWITY 1-10. Let the fly food stand a few minutes to aboorb
| . the water. Then tap the vial gently to settie the lood

\ -

\ | -

WACTIVITY 1-11. Cut a thin strlp of paper and push one end .
JInto the fly food. . \,T\

Push one end
Into the fly food.

The paper wijli absort) excess moisture, which
could drown the flles.

ACTIVITY 1-12. With the straight pin, punch- 2”5\-“30 small alr Sl
: C holes in the vial cap. Warning: Do nol make the hpln big
12 CHAPTER 1. ' enough to let tho files out. N .
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You are now ready to mate some of your female flies with '
a classmate’s males (or some of your males with a classmate’s
females). Remember that your partner must have flies with
different cye color and wing shape than yours. You will each
! nced these things:

{ I vial #1 (from which all adult flies were removed 5 to :
10 hours before) '-

' 1 vial #2 containing food : : -

],_ | ¢therilgy : \

" I white card

| petri-dish lid.

| brush

|

‘ Before going Hn, you and your partner should review the .
! ' directions for etherizing fruit flies in Activities 1-2 through
1-7. When adult flies appear in the two vials # 1, go ahead

I with the following activity frames. {

The matlné must be dorie before the adult

Note Acrivities 1-13 through 1-16 should be done BEFORE  'Mesare 10 hours old. You cannot be sure that
. . . . the student will have five flles of each sex in
your newly hatched flies are ten hours old. Furthermore, they  vial =1 by this time. He should go ahead on

should be started in midweek unless the plan you worked our ~ Activities 1-13 through 1-18 with whatever

. . number he has. More can be added later as
with yOur teacher calls for you to work on the weekend!’ long as they have not baen adults for more
' than 10 hours.

ACTIVITY 1-13. Etherize lho adult flles In your vial #1 and
place them on a white card.

~a

] _ | Vial #1

T o
gt




Gurly-winged males should not be used with
struight-winged temales bacause ha poor
filying charactensgtics of the male make mating
diticult or Impossible.

8§ curly-winged temale flies
(They will have red eyes.))

N

ACTIVITY 1-14. Place In the cap of vial 82 five of your m
winged virgin female flies and five of your partner’s straight-
winged male flies. (Do not try to mate curly-winged males with
your straighted-winged females.)

5 straight-winged male flies
{They will have brown eyes.)

Cap from vial #2

ACTIVITY 1-15. Press vial #2 into its cap. Be careful not to
harm any flies in the process. Leave the vial upside down until
the flles wake up.

ACTIVITY 1-18. Return any of your (not your pariner’s) un-
used flies to the cap of vial #1. Press vial #1 into this cap.
Leave upside down until the flies wake up. Return vial #1
to_your teacher.

“t
-
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Make a smaller label like the one shown in Fig. 1-5. Re-
place the label on vial 2 with this new one. Write the same
information in Fig. 1-5 of your Record Book. Under Feature,
you should write either the eye color (brown or red) or the
wing shape (curly or straight) of your flies.

Figure 1-5
Mating: . e — X .
Sex Feature Sex Feature
Your Name: ___ e
Dalc; e Class Section: __.______ Vial #2

Depending upon the temperature of your classroom, it will
be ten to fourteen days until the parent flies in vial #2
. produce adult offspring. During that period they will go
through what is called a life cycle. The stages in that. life
cycle are outlined below.

e 2.
AN A 4%
L

Activity 1-18 directs the student to relurn un-
used flles from vial =t to you Il care has
been taken in handliing. these w:! still be
pure-strain fhes Howevear. from this point on.
discarded thes will be crosses, and you
should dispose of them A simpie means of
disposal is as follows  Use any haif-pint milk
bottle or widemouthed jar with screw cap Put
into it 3 cm of motor oil (new or used) and
close with the cap or a cork. Flies to be dis-
carded are simply dumped into the container.
y

/

WHAT HAPPENS NEXT?

The allowable temperature range is 65°F to
80°F. If temperatures above or below these
figures are anticipated in the classroom, spe-
cial arrangements should be made for storing
the flies as they go through the lite cycle.

N iezd
o RS vaan o8

Soon ‘after mating, the female fly will lay tiny white eggs .
; ' on the food in vial #2. If you look closely with a hand lens,

you will be able to see the eggs. They look like those in A

of Figure 1-6.

20 X lite size FRUIT FLY LIFE-CYCLE 8 X lite size Figure 1-6
Fruit Fly Egg e :
i -
. K I Xiite size TX ife size T
. About six days after mating, small wormlike crcaturcs
called larvae will come out of the eggs. You will see them i ] .
crawlmg through the food. They will look like the drawing CHAPTER 1 15
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i —— —— "
0, s S AR i TOERREE i AR S i AR e RS T g B oD e )
| e i ‘ .-
; Q . . -
« o -
~ERIC S - . .
| ks -.__-; &, * ® : M":“

o : : AP : .
SN e e D ) S (7




E .
|

¥

As larvae work the medium. it becomes wetter
and mushien, Excess moisjure may develop to
the point th;\)the nsk of drowning the thes 18
increased. it! the paper sinp becomes too
damp, it may have to be replaced by a new
dry plece. Extreme care should be used to
avold injury to the fly culture.

Fly culturés should not be kept 1n a retrig-

-arator, near a radiator, or in direct sunlight.

In extreme cases. it has been found that ants
or other insects may be aftracted to the fly
medium A cloth moistened with insect repel-
lent can be used to wipe the culture storage
area. Do not let chemicals come In contact
with tljes or media. Another method of pro-
tection is to set all culturé vials on blocks Iin
a pan of shallow water.

in" using the instant fcuit-fly medium tor food.
mold is not generally a problem. However, i

mold becomas excessive in the vials, dispose
ot the medium. Generally the activity of larvae

helps to keep mold growth to a minimum.

v

Boraes

KEEP TRACK OF
YOUR FRUIT FLIES

16  CHAPTER 1
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in B of Figur'c 1-6. When you see larvae, you should remove
all the adult flies from vial #2. Activity 1-8 will show you
how to do this.

When the larvae are about two or thrcc days old, they
will begih to move up the side of vial #2 and form a shell
around themselves. When the brown shell is compl'ctc the
fruit flies are called pupae. Pupae look like C in Figure 1-6.
They will be easy for you to find because of their brown
color.

Some time between the tenth and fourteenth day after
mating, the pupae will split open and out will come the adult
offspring that you want to study.

Here’s a schedule (Table 1-4) for the next couple of weeks.
It tells you what you will{see in your vial #2 and what you
should be doing for the experiment. Keep in mind that not
all fruit flies develop at the same rate. The Time column -
in the chart will probably not be exact for your flies. You
should be at the Day 2 point right now.

Table 1-4 N .
Time | Event
Day 1 Vial 21 cleared of adults
Vial 32 prepared
Day 2 Males and virgin females put in vial #2
Day 8 Larvae appear
. ALL PARENT FLIES
REMOVED -
Day 10 Pupac appear
Day 14 Adult offspring appear in vial #2

L)

Your teacher will tell you where to keep your flies while you
wait for them to develop. While you wait, you will be doing
other activities. But you are to check your vial every day and
keep track of how the life cycle.is coming along. A chart like
Table 1-5 is in your Reécord Book. You are to record the
date on which you observe or do the things listed on the
chart. ' - .8

37




FIRST-GENERATION PLANNING CHART -

Event Date Done or QObserved

Vial Wnrcd of adules

Vial #2 prepared

Males & virgin females put
n vial %2

Eggs observed

Larvac observed

Parent flies cleared from vial £2

Pupac Obscrvcd‘

Adults observed

Table 1-5

-

While you wait for your fruit flies to develop, you should
go on with Chapters 2 and 3. But bcfor’you do, quickly
read through the rest of this chapter. : _

This will give you an idea of the things that you must do
for the fruit-fly experiment, If you have any questions about
the chart or the rest of this chapter, discu,_ss thc?) with your
teacher now! : |

" While awaiting fruit-fly development, students
go on to jhe succeeding chapters. You will
need to have the materials prepared for them
in advance. Check the teacher notes. GET
IT READY NOW, at the end of sach chapter.

leht now . . .

Check the first-generation planning chart (Table 1-5) in
your Record Bqok and put a date next to anything you have
already done or seen. :

&

« When your larvge appear in vial #2 you should:

2. Follow the directions in Activity 1-17 for clearing the
vial of adult flies. '

I. Record the day in the first-generation planning chart.

Be sure that the student checks the vial each
day, and records the dates in Table 1-5.

It would be wise for you 10 keep an exira
supply of curiy-winged females and straight-
winged males for unexpected needs. The fe-

. . males should be placed in a vial with frash~ -

food when they are less than 10 hours old.
The males should be placed in a separate vial
with food.

»
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ACTIVITY 1-17. Remove the parent flies from vial #2 by tollow-
ing the directions given in Activity 1-8:

‘Don’t forget to enter in your planning chart the’ day that -
« Yyou first notice pupae in your vial. Pupae are brown objects
that usually stick to the. side of the, vial. /

v

. When new adults appear in vial #2 you should:

- Record the day in your first-generation planning chart. . :
2 Do the activities from here through page 20 at once. ' "
ACTIVITY 1-18. When you have 20 or more offspring, etherize
and qbserve them. Record in Table 1-6 either the flies’ eye
color or their wing shape. (See Figure 1-5.) Record also the
number of flles that show the variation. - >

< . ’

All the tirst-generation offspring ‘should have
red eyes and slraight wings. in other words,
they will resemble one parent in one feature
(red eyes) and the other parent in the other
feature (straight wings). But if you follow the
directions of observing either eye color or
wing shape, then the tirst generation will re- :
semble one parent or the other. '

Table 1-6 ! ' : | - '

Eve Color or Wing: Shape Number of Flies

18 CHAPTER 1. Lo _ . . ©oa LS
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(J1-8. Summarize the results of your experiment in Table
1-7 of your Record Book. -

Table 1-7

Fefiture Varintion
(State eve-color or wing-shape variation.)

Parents

First-generation
offspring

&, >

(01-9. How well do your results agrcc with your prediction
in question 1-6?

__[:]1-10. How does what you saw with fruif flics compare with
what you saw with beans and pcas_(Chaptcrs 2 and 3)?
Compare the length of the life cyclc described in your
first-generation planning chart (Table 1-5) with® the " times
found by some of your classmates. Did everyone in the class
have the same life-cycle time? If not, what do you think may,
have influenced the length of the life cycle? You mlght want
to try Excurston 1-3. You will discover one possible angwer
; therp_._ : : | AR » .
. 1. cht you will mate some of your male offspring wnh
| some of your female.offspring. Predict what you think their
; _ - offspring will lool; like. If you predict that you will get more.
' than -one kind ﬂy what number of each kind do you
' expect? Yo -

¥ »

o

In your ecord Book, describe the way you plan to do the
proccdurc should be very much the same’as the one’ yow
followed in your first ‘cross; so you can get some clues by

. _reading back over what you djd (pages 9-11), If you have

trouble, ask yomr teacher or.a classmate for help
When you have described, your plan, discuss it with your
teacher. When he approves, go ahead with the experiment. -

" Once again, keep track of the days when things happen and

L when you do things: Do this in the second-generation plan~

’ ., ning chart in your | Rccord Book (Table 1- 8) <

- AT

L
o ‘, ) ' o
“ .
- > P
» .
. .
.

cross between male and female flies from vial #2, The -

-

1-10. This is B good checkpoint. -With files,
peas, or beans, if you consider one feature
only, the first-generation offspring should all-
be like one'parent or the other,

- <

Excursion 1-3 is a short discussion on ‘the
aftett of temperatura on the life cycle of the
Srtruit fly.

L EXCU .~.~1 ‘N

i *

1-11. The student is again asked to, predict

without oxporimontal evidence. Accept any . -

-

answer.

ANOTHER GENERATION °*
- OF FLIES

-

Note that the student is instructed to get your -
approval of his plan for second-generation
breeding. It this plan calls for crossing other -

than first-generation flies, you mui’(*dquo .
wiether to let him go" ahsad with it and tace
the consoguonces of interpreting 1he resuits. -

a
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s : This Is anolher important table. As he ob- SECOND-GENERATION PLANNING CHART

serves his culture daily, the student should bc
sure {0 record the dates.
(‘

%
l - , . " Vial 1r 2 cleared of adults ’ 1
l . - !

Event - Date Done or Observed i

Vial ¢ 3 prepared .

Nnles & virgin femalcs put in
: vinl #3

Eggs observed .

L.arvae observed ot

Parent flies cleared from vial 3 .

Pupac observed

Adults observed

-

“Table 1-8

»

g Continue with later chapters while you wait for your

. . second-generation flies to emerge. Observe your vials of flies

. - - : daily. When the second-generation flies appear, return to this
: chapter and complete the next section,

- ]

, Note Do not go on ro the next section until you ‘have af least
P 60 seqond-generation oﬁkpnng This will take abbut two weeks.
: In the meantime, go on with the next several chapters,

.GRANDCHILDREN BY Befare you go on, let’s be sure you know where you ve been.
THE THOUSANDS Figure 1-7 diagrams-your re frmt—ﬂy experiment. ~-~

' First you found a nelghlm'vhose flies were different from

yours in terms of wing shape or eye color. Then you crossed

«.This is & good summation. However. the ftird  some of his flies with your flies. These were the parent flies

paragraph.‘though true. may be confusing to- .
Lthe student it says. “You should have found for your experiment.

_that they all had either straight wings or red Then you logked -at the pﬂ'"spring You should Hiii"é found

O g nlly, laey &l had bowh stralght — that they all had either straight wings or red eyes. Finally
*wings and red eyes. The ""sither-or' refers to

the feature ‘that the "student is interested in. - you crossed a male and a female from among the offspring.

' ' " .. Now ycu will find out what the eyes or wings of the second

generation look like. You will- decide whether the two—bxt' |

model you study in Chapter 4 can explam the fruit-fly data

. ' R 4o . 'CHAPTER 1 " you've collected.
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Brown eye Red eye : Straight wing Curly wing

— X — x—wﬁ

Red eyes Straight wings

0

. : — X — or :
" ‘ )
| .
= [ . I 1
? ? 7 ? _ ? ? ,
) Figure 1-7
ACTIVITY 1-19. Etherize your second-generation flles and
. .
check their features. Record your observations in Table 1-9
of your Record Book. Return the flies to the vial when through
with them. ~
! (( - .
N v Table 1-9. Thd observations should show a
] ratio of approxjmately 3 to 1 for the teature
. - . that is being féllowed. That is, there should - ¢
> be about 3 times as many red-eyed flies as
brown-eyed, or about 3 times as many
straight-winged flies as curly-winged. :
Table 1-9 " @
//.-7':' r- !
o Feature Variation
L c i - (State what eye colors and wing shapes vou find.)
_ Parents
_ Second-generition E . N
! offspring
- . . A
N \ . -
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EXCURSION 2

1-13. The most common observation is the
3-to-1 ratio In terms of the two-bit model. it
each parent contributes one bit of information
to the oftspring. and one bit can mask the
other. then the parents must have both been
heterorygous, or hybrids. Otherwise there
would be no way for the masked feature to
show up in the offspring.

Problem Break 1-1. Most students will {ind the
eye feature if they studiad the wing feature,
or vice versa. They will also note the approxi-
mate ratio of 3 to 1 in the feature. From these
observations, they can work back to the par-
ents and grandparents in the following way.

1. in order for the parents to have had off-
spring with the 3-to-1 ratio. they both must
have been able to contribute a ''bit" for the
masked. Or recessive,
must have been able to contribute a "bit’”" for
the dominant feature also. Thus, both of the
parents must have had two ditferent bits; they
were hybrids.

‘2. In order for the grandparents to have had

idéntical hybrid offspring. they must have both
been pure strain: aneé a pure strain of the
dominant teature and the other a pure strain
of the recessive feature.

'22° CHAPTER 1

feature. They each.

Perhaps you would like to know what the chances are of
getung one bit of information or another. If sp, try Excursion
14 Excursion 1-4 is for enrichment.

C11-12: How well do your results agree with the prediction
you made in question 1-11?7

[31-13. Explajn whas#you observed in the second generation
m terms of the two-bit model.

From time to time in this unit, you will be asked to do
Problem Breaks. These are problems for you to solve, without
. much help from your book or your teacher. The problcms
wnll usually help you understand what you are studying in
the chapter. But that's not their major purpose. They arc
designed to give you practice in problem solving and in
setting up your own experiments. You should try every Prob-
lem Break-—even the tough ones. And in most cases, you
should have your teacher approve your plan before trying
it. The first Problem Break in this unit is coming up next.

This problem break gives the student an op-
portunity to see that his partner’s cross gave
the same result as his, even though his pag-
ner was studying a ditferent feature.

PROBLEM BREAK 1-1

Examine your second-generation flies very carefully. Try
to find some feature (other than the one you studied) that
differs from fly to fly. When you find such a feature, deter-
mine the ratio of one typ& of fly to the other. Then try to
ﬁgurc out what the parents and grandparents of these flies
might have looked like in terms of the feature selected. Here
1s some inform&tion that you may find helpful.

1. The description you made of your ongmal flies (See
- page 6.) :

2. The results your partner gol from the cross of his flies

~ with yours (See page 18.)

3. Your partner’s description of his original flies

Describe your results in your Rcipord Book.

- ’
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So far the two bit model has explatned how many (but
not all) of the features are passed from parents to their
offspring. Scientists who study these problems have found
this t00. They have been able (o expand this model to explain
cvery situation they have come across so far. The (wo-bit
model was proposed about a hundred years ago and s still
the basis of the science called genetics. It is considered to
be one of the most powerful models in all of science.

Now your work with fruit flies is complete. You should
now returm to the place in your book where you last left
off. Before you do though, be sure that all your fruit-fly
supplies are clcaned and put back where they belong. Give
any living flies to your teacher for disposal.

znoloro going on, do Self-Evaluation 1 In your Record
ook. .

\?"\;‘ “
& -

-

Aruntoxt provided by Eric:
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GLTAT BEADY NOW 1O CHAPTER 2

important Tha studonts will be gomng to this

< Chapter from the nuddie of Chapter . so

theso preparations must ba donre well in ad-
vanco

Propare the Bean Expenment’ confamars
Thesa can consist of a shoe box (or other type
ol box) contamming the following supphos

-—

-

1

capped vial, labelod “'Parents and contain-
Ing a careafully matchad pair of beans. one
white and the other brown. with the only
obvious difterence tha color of tha beans
capped vial, labeled First Generation™ and
containing 10 brown beans. matched for

s1zg and shape as above.

paper bag. labeled ~"Second Generation. ™
into which has been put { of a baby-food
lar ot brown beans and |} of'a jar of white
beans. If you are prepanng 6 to 8 of thase
bags. a better way of Woing it 15 to put 6
jars of brown beans and 2 )ars of white
beans Into a large bag. Then mix them well.
and dip out a baby-foad jar full for each
Individual bag :

50-ml plastic beaker

Each box contains the matarials for 8ne stu-
dent or student team. Therefore you probably
should prepare at least six in advance. Labal
each box ‘‘Bean Experiment and list the
contents by general headings on the labsl to
serve as a checklist of the contents.

GET IT READY NOW FOR GHAPTER 3

Problem Break 3-1, Chapter 3, page 40, calis
for 3 petri dishas of sprouted tobacco seeds.
It takes from 8 to 11 days for germination, so
you will want to start them far enough in ad-
vance to be available. To take care.d! the
spread in your class, prepare a dish every few
days over a period of several weeks. Do not -
use .all your seeds, however. Some will be
needed later, in Excursion ,7-5. Follow ‘the
directions in this excursion in preparing the
dishes. All plants should be germinated in the
dark. Be sure to keep them watered.

3
[¢]
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EQUIPMENT LIST .
Per student or student-team CHAPTER EMPHASIS .
t container, labeled ~Bean Expaeriment” While waiting for his fruit flies to mature. the

(containing 1 vial labeled “"FParents,” 1 vial student performs a simulated crossing expor-

fabeled “Firat Generation,” 1 bag iabaled Iment with beans to see how a single feature

"Second Generation.” and | 50-m! piastic is reproduced in succeeding genaerations,

beaker). (See end of Chapter 1 for details.)

That’s Using Chapter 2
the Old Bean - \/\ | \

Exoursian 2-1 is keyed, and 1-1 is rekeyed, .
to this chapter. i

\

At this point you're trying to do two things at once—keep
track of your developing fruit flies and take a look at in-
heritance in another kind of living thing, the bean plant
Once ggain you will be trying to find some pattern 1n the
way features are passed from parents to offspring.

Unfortunately, plants grow so slowly that it would take
months for you to experiment with beans in the same way
you are experimenting with fruit flies. To save time, you will
be given some beans like the ones you would get if you
actually grew plants.

To begin, you will need a box labeled “Bean Experiment.”
Check to be sure the box contains these items:

1 vial labeted “Parents” .
:\;@_L :agc:cg “[S’lrst gcgernuo? " MAJOR POINTS
ag 1abc ¢ econ eneration 1. The use of the systems approZCh in study-

1 50-ml plastic beaker : ing Inheritance Is reemphasized.
2. In terms of one feature, all the first-

generation offspring from a cross of two

ACTIVITY 2-1. Examine the two beans in Iho vial labeled - jiyerent pure m,ﬁs resemble one of the
“Parents.” : . . parents.

' - 3, When two first-generation offspring are
crossed, the second-generation offspring
show a 3-to-1 ratio for a particular teature,
4. A ratip.is a convenient way to express a
relationship between -two séts of numbers.
8. The “'sampling'” idea can be used in study-
ing largs numbers of objacts.
6. The ypan expsriment poses several impor-
tant questions for further study.

t.i- =3
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Experience has shown that less than 757 ot
the studsnts do Excursion t-1 in Chapter 1.
it is so short. howeaver. that even thgse who
have done it can alford to repeal it. Some
students need help here. because they may
develop the idea lhal beans have sex difter-

ances.
) 1} l \‘»

EXCUR

N4

The systams approach—concentrating on one
teature at a time—was one of the reasons that
Mende! was successtul in developing a ge-
netic model where others failad. Tha choice
of an easily recognized teature (color) with
the bean makes It casier for the student to
follow the trait in this simulated crossing ex-
periment.

~ -

Viaa v ,--_,‘,,3}'@,},‘1 ’ VW e A j .sb'('#l!‘- r

[J2-1. In what ways are the beans different from each other?

Take a look at your answer to question 2-1. If you listed
sex as onc of the differences between the beans, you are
wrong. One of the beans is nopr the male parent, and the other
is nof the female parent. If you made this mistake, you \yould
really gain by doing Excursion 1-1 again.

In answering question 2-1, you could have listed a dozen
or more features as different—size, weight, color, SPottcdncss
and thickness of coat, to name st a few. Your problem is
to try to find a pattern in the way features like these are
passed from parents to offspring.

If you tried to keep up with all possible features at the
same time, the problem wouyld be pretty tough. But there
is an easier way. Rather than trying to follow all features,
you can concentrate on just one feature—color.

The two kinds of seed you've seen have come from two
different plants that were pure strains for seed color. Lcth
review what this means. Plants grown from pure-strain beans
for color always produce offspring with beans of the samé
color as the parent beans. Figure 2-1 shows this,

Figure 2-1

Pure-strain brown seed

-
K
N

Pure-strain brown seed offspring

L 4

1

M {

Continued use of the beans can change their
appearance. Thay can chip and break. Check
for such thanges and promptly replace dam-
aged or worn-out beans.

286 CHAPTER 2

In your experiment, plants grown from pure-strain white
beans were crossed with,plants grown from pure-strain brown
beans. Then the offspring beans were picked. A sample of
the beans that were picked is in the vial labeled-*First Gen-
eration.” ) u :

o
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Firat generation

ACTIVITY 2-2. Examine the beans in the vial labeled “First
Generation.” . W
. | )
(J2-2. Which parent bean color was the sameas the color,
of these first-generation beans?

(J2-3. Which parent bean color did not show up in the -

first-generation beans? .

The next step in the experiment was to plant the first-
generatiop beans. The plants that grew were then .croés\cd,'
and a second generation of beans was picked. A few of the
second-generation beans are in the bag labeled “Second
Generation.” ~

(]2-4. Before opening the bag, try to predict the color of
the beans in it

ACTIVITY 2-3. Open the bag and examine a few beans from
the second generation.

E]M Describe the color of the beans in the second-
generation bag. i}

Compare your observation with your prediction above.

. .ﬂwg_,_,f-.-—‘l.g.,.
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2-2. Brown; 2-3, White. This Is probably the
student's first experience with masking of a
feature. Don't make a pgint of explaining the
congept here. The idea should be allowed to
“g?bw“ through Chapters 2 and 3. Then, in
developing a mode! in Chapter 4, the student
should see how the concept fitsinto the tgal

A\

2-4. Accept the prediction whether or not it
is correcgt. The student checks it in question .
2-5. Stress honesty htrb: encourage students -
not to change their prediction after looking in -
the bag.

! s



SAMPLING BEANS

Sludont& should check their fruit tlies daily:

Some teachers tind it helpful to post a sign
on the chalkboard or builetin board. saying
"Have Yoy Checked Your Fruit Flies Today?"

Y

You might want to try the sampling first, or
at least chaeck the results of the first féw stu-
dents in Table 2-1. Toq widé a discrepancy
from a 3-to-1 ratio could point to incorrect
preparation of the samples.

28 CHAPTER 2
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[_J2-6. In this second generation, are there more brown beans
or more white b€ans?
Reminder Did you checkyour fruir flies today?

~

You may have read how television networks find out how
many people watch a-certain program. They do not call
everyone in the broadcast aréa. Instead, they call only a small
number of people. They assume that this.“sample” of people
will tell them something about the program preferences of
all the people in the arca. Let's apply lhlS idea to your study
of inheritance in beans. -
v

ACTIVITY 2-4. Stir the beans in the-second-generation bag.
Without.looking, take out 2 full beakers of beans. Examine
them and fill in the first two columns of Table 2-1 In your
Record Book. Then pour l(\ﬁ{mns back into the bag.

h] ‘

J

- Many students have an Inherent distrust of
samphng “techniques. Without going into a
discussion of statistics, about the only reas-
surance that you can glve is that the proce-
dure is widely used and has been foynd de-
pendable " enough to base so very
Important decisions on’ the Yindings. You
might want to point out, however, that a larger
sample can give a greater degree of confi-
dence than a smaller sampé. That Is the rea-
son they use 2 beakers eans, instead of 1,

Thc two beakers of bcans are a sample of the beans in
your bag. The bag of beans, in turn, is a sample of the entire
second generation. If your sample is a good one, it can tell
you something about the features of all the second-genération
beans. . -

Table 2-1

-

- R e . - s em

i

SAMPLE COUNT OF SECOND:GENERATION ‘BEANS

-~

b1 . . -
- Brown Beans White Beans Ratio .«
' Do ,
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One of the writers of this book took a sample of second-
¥ gencration beans just S you did. But his sample was larger.
It contained 721 brown beans and 238 white beans. To calcu-
late a simple ratio, he divided both these numbers (721 and

238) by the smaller number (238), like this: FV/
- Brown beans to white beans = 721 to 238

C=@o@ S o

RJugh ratio = 3.03 1ol

L The writer's sample contained about three brown beans for
Vo every one white bean. ‘ S
: .. .Rounding off his answer gives a ratio of about 3 (o 1. _

If you don’t understand how this calculation was made, . .
seo Excursion 2-1, “Ratio Simplified.”

Excursion 2-1 can supply hslp to thoso.who .
| have difficulty with the mathematics or the

! concept.

(J2-7. Using the data from Table 2-1, calculate a ratjo for
your sample of second-generation beans. If you have trouble,
turn to Excursion g-1. ‘

z

Nujl‘nbcr of brown beans

" to white beans = to
~ .
Rough ratio = to- PN

I

" ‘Rounded-off ratio . to . -

[J2-8. How does jour ratio compare with our writer’s? v

Figure 2-2 diagrams the experiment you have just studied.
Notice that the colors of the first- and second-generation

-

; beans are riot labeled. St 2-9. First-generation. beans are all brown.
o Second-generation beans are bm{vmd o
) " - . _ white in a ratio of 3 to 1. S
(J2-9. Study the diagram carefully and add the missing in- ‘ ‘

formation on bean color and ratio. | CHAPTER 2 29
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Parent plants

}.

First generation
piants

, Brown bean

First-generation beans

White bean

What color were the

flrs!—genermlon beans?

zJ ' '
. -
+

~ % What color were the v
second-generation beans?,

Don't expect students to have the answers for
these questions now. However. they are prob-
ably fairly good questions {or you to keep in
ming also. as a represeniation of the things
students should know when they finish the
unit,

30 CHAPTER 2

e B ry N
Second-generation R | U :‘ \ '¢ } Ratio- = to
beans e - - brown white
3
Figure 2-2 ) . __— .
9 Note In this example, and throughout the unit, the symbol

X is used 10 mean a mating or a crossing.

;-

At this point, you might be asking several questions:

1. Why were all the first-generation beans brown even
though one parent was a pure strain for white and the
other parent was a pure strain for brown?

2. Why were some second-generation beans white even

. though both parents produced brown beans?

3. Is there anything spccxal about the 3-t0-1 ratio of brown
beans to white beans in the second generation?

4. Do you get similar results when you cross other plants
and animals? ) o

These are some of the questions you’ll be trying to answer
m the next several chapters. Keep them in mind as you

procccd

o1 . -
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PROBLEM BREAK 2-1

An ear of corn contains a lot of kernels. Each kernel is
a scparate seed that can grow into a new plant. The ears
of corn shown tn Figure 2-3 represent three generations. Two
different pure-strain parents produce a first generation. A
second-generation offspring was produced from & cross of

first-gencration plants. '
. Figure 2-3

ML

X
e rl% ) &

as

Rure-strain parent

Pure-strain parent

7

' . 1
y First generatiop

~

First generation

T

£
-
et
F
-1 T
-
——
—
-
h

Second generation

‘

Study Figure 2-3 carefully. From your observations, dia-
gram a pattern of inheritance for the corn seeds like the
diagram for bean seeds given in Figure 2-2. How does the
ratio of colors in the second generation of corn seeds compare
with the one you found for bean seeds?

Record your findings in your Record Book.

Reminder Don’t forget to watch your fruit flies daily. Before
going on, check your calendar to see where you are- in your
Sruit-fly experiments.

Before going on, do Self-Evaluation 2 in your Record

Book.

“
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Depending on care in counting. the ratio of .

dark kernels to light kernels should be about
Jto 1.

GET IT READY NOW FOR CHAPTER 3

(Remember that students will go to this chap-
ter before completing Chapter 1)

Yol need several sets of packages labeled
# 1 through ® 6, prepared as follows:

# 1—containing 60 smooth pea seeds

# 2—containing 60 smooth pea seeds

# 3—containing’60 smooth pea seeds

# 4—containing 80 wrinkled pea seeds

# 5—contaiping 60 smooth pea seeds

3 6—containing 52 smooth pea seeds and 17

wrinkled pea.seeds

Use envelopes fastened with paper clips for
the packages. Check the peas carefully.
Some smooth peas may have deep dimples
and appear wrinkled. Select the, smoothest

peas. You also need the tobacco seedlings for .

Problem Break 3-1. See the note at the end
of Chapter 1 for details.

3 -
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EQUIPMENT LIST

Per student or student-team
1 petri gQish

3 petri dishes of tobacco seedlings
(S8es teacher notew, end of Chapter 1, for
preparation detalls )’

Watch Your Peas and Q’s Chapter 3

, 2 -

MAJOR- POINTS
',3.

The btudqnt tests the prodlctlvo power of his &
developing mode! In genetics. using pea '
seeds In another simulated crossing experi-

ment and tobacco soodllnga as another ex-

ample.

" 1 vt of pea putkages =1 to =@
(See teacher note, end of 'Chapter 2, for de-
taile of oonhnp )

CHAPTER EMPHASIS

1. Inheritance of seed texiure in pana seems
to follow the same pattern as inheritance of
seed color In heans. Specifically, the pattdrn
seéms to be thia:

.

In the last chapter, you observed how fehtures in beans are
passed from parents to offspring. By thinking about only one
fcaturc—-color-you found a pattern of mhcrltancc Let's
review what you did.

-

9

). Pure-strain brown X Pure-srram brown
When pure-strain brown-bean plants were mated with
pure-strain brown-bean piants, only’ pure-strain brown-
.bean oﬂ“sPrmg resulted. Similarly, a cross between
pure-strain  white-bean parents’ produced only pure-
strain white- bcan oﬂsprmg (See Figure 2-1.)

Pyne-stram brown X Pure-strain whire
You saw a different pattern when plants ‘grown {rom

pure-strain brown beans.were mated with ones.grown .
from pure-strain white beans. In this case, only brown
bcans showed up in the first g\:ncratnon But when plants
grown from the first-generation brown beans . were
mated, both brown beans and white beans showed -up

in the second gcncratnon There were three brown beans -

for chry one white bcam (Sce anurc 222) N

"

a. When two individuals of the same. pure

pa rema

b. When ‘two |ndeuals of dmeram pure.

strains are crosséd. the offspring resomblo
ono parant but not the other.

C. chmd-ger\erallpn ottspring of parents of .

two ditterent pure strains'may look like either
strain, but the featurs of one strain shows up
three times as often as the other.

LIRS

strain are crossed, Al oftspring look like the : .-

2. Predictions can be made for a feature of:
Does this pattern kdld for othcr bcah -plant fcaturés? Does  oftspring when the correspondirig features of ., |
;- the parents are known. . .

1t hold for other plants and antmals? If it does, yoil could "_-3 The pattern’ "ot nher..an” ,”m, to hotd "
use it to make prcdlcnons about the QtTSprmg of othcr sets t6r other plants hﬂ\ el v
—of parents: -

* Let’s’ try to use thc pattcm to predict the. mhentance of
.. features in gardcn peas. If pea plants and bean plants follow _,
the same pattern in passing features to thclr%oﬂsprnng, your L , _
prcdncnons should be accurate.. ST 3.

4. Thé pattern of inheritancs can bie ‘used 1o B
" work Bhckward* qum ar second-generation - "
“plant to predict a'teature in the first genera- -

-

“ tion and in the puro-straln grandparants

!
¥

There m‘:jo no ;)qw excursions in this chapter,
but Excursion 1-2 is rekeyed.




To begin the activity, you will need the following items:

It would seem logical to look 10 a pea oxperi- 6 packages of pea secd, numbered 1 to 6
ment in genstics Gregor Mendel used this . . : ’
plant as the basis for his greal discoveries in (DO-I)OII open these until told to do SO")
the nineteenth century I petn1 dish :
ACTIVITY 3-1. Open package #1; pour the peas from the
package into the petri dish. After answering questions 3-1

through 3-3, return the peas to the package.

-

[J3-1. List at least two features common to all the peas in
package #1.° '
[13-2. Can you tell by looking at these peas whether or not

the same generation. A pure strain is estab-  ‘they are from a pure strain? Explain your answer.
lished over several generations.- - -

3-2. No. Presumably these peas are all from_

A

[13-3. Suppose two of these peas were planted and the re-
sulting plants were crossed. What features do you predict

3-3. The most correct answer is “Impossible
to predict.’’ if the answer to question 3-2 is - _ -
No, then you cannot predict tar the otfspring: the next generation would have?

Like the bean plants in Chapter 2, pea plants'would take
menths t0 produce another generation. Therefore, you will
again work with peds gotten from an experiment done by
someone else. The peas you study will look just 1iké the ones
that the original experimenger used. _. _ N .

% : ~ First, peas like the ones in package # | werg planted; then .
) ‘the'plantsrthat grew were crossed. The offspripg plants pro-
duced peas like the ones in package#2. (See Figure 3-1.)

-~ - K -~
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- Planted seeds
from package #1

«D

Adult plants

First-generation seeds ‘
% from package # 2
: o

ACTIVITY 3-2. Open package #2. Examine the first-&

. « generation peas. Return the peas to the bag aftér answering
i ' qu‘ootlona 3-4 and 3-5.

(J34. How do the features of the first-generation peas in
package #2 compare with the features of the pafent-’
generation peas in package # L

(13-5. How do the features you see in the first-generation
peas compare with the prediction youn made in question 3-3?

- . s ;

: _ "% Flgure 3-2
Planted seeds -
from package # 2

V¥

f

Adutt plants

'Second-generaﬂon seeds '
from package #3




3.6 The predichons should be made w:ih
Increasing conhidence If the student has {ol-
fowed the reasaning caretully from the Chap-
ler 2 bean experiments. and has noled that
the parent peas were smooth and the firsl-
generation peas also smooth then there are
raally only two pradictions possible

1 That smooth peas result This would be
based on thg tgea of startng with a pure
stramn
2 That smooth peas and other than smooth
peas rasull (Note that theoretically the stu
. dent doesn't really know that there is anything
) but smooth peas at trus pont ) This prediction
would be baseg on starting with Jybnd peas.
" which would have all baen the same in the
ftrst generation and shown variation in this
second generation

3-11 They would all be smooth (pure-strain)
peas Note that this can be predicted with

i some confidence. The student has observed
everal generations necessary to establish a
pyre stramn.

]
It students have difticulty wilh questions 3-9.
3-10. and 3-11 above. you should check the
answer to questton 3-12 carefully You may
want to urge them ito Excursion 1-2 if they
can’t operationaliy define pure strain or don't
see the connection to the quastions

-

EXCURSION! =
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(J3-6. Supposc you planted these first-gencration peas and
crossed two of the offspring plants. What do you predict the
second-gencration peas would look like?

~

(7]13-7. Explain why you made the predictions you did.

In the original experiment, peas like those in package #2
were planted and the resultant plants were crossed. The peas
in package # 3 are a sample of the second generation. Exam-
ine these peas now.

. [13-8. Was your prediction in question 3-6 correct?

[(13-9. What features do the peas in packages # 1, #2, and
#3 have in common'{

[13-10. What do we call plants that always produce offspring
exactly like the parents? -

[[]3-11. Suppose some of ‘the peas in package #3 were
_ planted and the réultant plants were crossed. Predict what
the offspring peas would. look like. .

. \ | _

Return the peas to package #3, fasten the package, and
return it to the supply area.

In answering the last few questions, you probably used
the 1dea of pure strains. Let’s r&v\icw the meaning of the term
pure strain. Remember that scientists prefer to define their
terms gvith an operational definition.

(13-12. Give an operational definition of pure strain. (See
Excursion 1-2 if you need help.) Y o\

In the next section, you will study the inheritance of still
another feature of pea seeds. Before going on, however, study
Figure 3-3 to review what you have found so far.

. by

X
r
1]

Plants grown Plants grown
from peas # 1 from peas #2 Peas #3 .
O——>60 —>0
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Package #4 contains seeds from a hind of pea NOT related MORE AND
Yo the ones in packages # 1, #2, and #3. DIFFERENT PEAS

ACTIVITY 3-3. Examine the peas in package #4. Return the
peas to thelr package after answering questions 3-13 through
3-16.

i
b e fd ey

(J3-13. List at-least two features common to the peas in
package #4. ' ~

(}13-14. How do the features of the peas in packagc #3 differ  3-14. It some care has been exercised in se-

9 . lacting the smooth peas, there will be a
from the features of the ones in p'lckage #47 marked difference betwean them and the

wrinkled ones.
The peas in package #4 were first-generation peas. These
peas had features like those of the parent peas.

2

PkE - : SR ' ™3 Figure 3-4

1
Planted seeds )
from package # 4 &

3-15 and 3-16. The hoped-for prediction is
that the pesas would all be wrinkled, like the
parents in # 4. The reason would be that it
was & pure strain. For the student to make and
glve the reason for this prediction, he must
Adult plants do one of the following.

el -
¢ A il amis b S

1. Assume that it is a pure strain without ex-
perimental evidence, since he has not seen

: that three generations of these peas were all
. 4 the same. "
’ : 2. Recognize “wrinkled" as-a recessive trait
R : and realize that in order to have all the peas

- i show this recassive trait, they wqyid have to

» .: _,‘ Second generation seads? * be pure-strain peas. (This is highl¥ uniikely,
. o W as the student has not yet learned that traits
Tt s« b e < tonite . v e R L thens @k e e ..mé can be dominant, recessive, or masked.)

»

J3-18. Suppose these first- gcneration peas in packége #4
were planted and the resultant plants were crossed. What

1 . do you predict the second- -generation peas would look like?
_ h\' D3-16. Explain why you made the prediction you did. ) )
; ' : CHAPTER 3 37
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Note that both types ot peas gre referred (o
as pure-strain peas The smooth onas have
been experimentally determined as such, the
wrinkied onas could be assumed to be such
for the reasons given on the preceding page

4

Figure 3-8

3-19 On the basis of the bean experiments.
the student should be able to predict that all
the peas will look hke one of the parents.

38
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Let's snmphfy the study of inheritance in these peas by
concentrating on just one feature--shape. For the moment
we will study only the inheritance of seed shape in peas.

(713-17. What was the shape (round, or wrinkled) of the
pure-strain peas in package #3?

[(}3-18. What was the shape (round, or wrinkled) of the
pure- -strafn peas in package #47

In the original experiment, an interesting cross was made.
A plant grown from pcas like the ones in package #3 was
crossed with a plant grown from peas like the ones in package
#4. Then the first generation of peas (package #35) was
picked. |

"~ . . R v — . . . e
¥ -

In answering the next question, let’s assume that the in-
heritance of seed texture in peas follows the same pattern
as inheritance of seed color in beans.

]3-19. Wh'at do you predict the “ﬁégs' in package #5 will
look like?

_ACTIVITY 3-4. Open package #5, examine the seeds, and
answer question 3-20. Then replace the seeds in package #5,
close It, and return it to the supply area.

T
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(3-20. How do the features” of the 'pc'\s tn packngc #5
compare with thc prediction you made in question 3-19?

(0J3-21. Which parcnl do the peas resemble more?

The onginal cxpcrimcnt was carried one step further.
Seeds like those in package # 5 were planted, and some of
the plants that grew were crossed. Second- -generation peas
'  were picked from the offspring plants (package # 6).

[:]3-'22. What features do you sf)rc:dicl- the second-generation
peas _in package #6 will have? (Include a rati0.)

ACTIVITY 3-5. Open package .#6 and examine the seeds.
Answer questions 3-23 through 3-27. Then replace the peas
In package #6, close it, and return it to the supply area.

ot

[]3-23. Record the number of smooth and the number of
-wrinkled seeds.

[(]3-24. What is the rounded-off ratio of smooth seeds to

wrinkled seeds?
b Y

' [13-25. How do your obsérvations compare with the predic-
tion you made in question 3-227

[J3-26. How does this ratio compare with the ratio of seed
color you found in the second-generation beans? (See Table
21) :

(J3-27. In what way do beans and peas follow a 51m11ar
pattern of inheritance?

3-22. Again,_ based on the bean experiments,
the student should be able to predict that
there will be smooth peas and wrninkled peas
in a ratio of about 3 to 1. H4 should know that
there will be more smooth- thahi wninkled be-
causo all the first-generation peas in Activity
3-4 ware smooth.

-

This series of questions serves to reinforce
the 1deas from Chapter 2. Encourage students
to look back to the bean experiments if they
are having much difficulty.

CHAPTER 3
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This Is a good summation of the genetlics

model to this point. The model will be tested,

and its predictive power explored, in Problem
Break 3-1. which follows.

IMPORTANT NOTE

Tobacco seeds garminate .more uniformly.
grow taller. and need less watering when kept
in the dark. However, the seedlings will all be
colorless (white) until they are permanently
placed in the light. Then those able to develop
chlorophyll (tugn green) will do so within 24
hours. Consequently, you should bring the
dishes that are 1o be used into the light at
least 24 hours betore the student observes
them. .

Actually, the recessive gene for albinism only
inhiblts chiorophyll tormation for a period of
time. Some of the normally albino plants wil
turn green as they grow older. You will have
to be alert for this and discard the contents
ot those dishes in which seedlings no longer

. show albinism.

5 -

40 CHAPTER 3

Your observations-on the inheritance of seed shape and

color in beags and pcas show that information about particu-

~lar featares is somehow passed from parents to oftspring. The
message seems to- have been communicated like this:

1. When two individua)s of the same pure strain are

. crossed, g‘n\oﬂspm{g should Jook like the parcnts.

2. When two mdwnduals of different pure strains are
crossed, the oﬂsprmg should resemble one parcnt but
not the other.

3. Second-generation offspring of parents of two different
pure strains should look like etther strain, ‘but“thc fea-
tures of one strain show up three times as often as those
of the other.

PROBLEM BREAK 3-1

You have found « similar pattern in beans and peas. Does

s-pattern- hold true for other plants, too? Lets see!

- Pitk-up three petri dishes of sprouted tobacco seeds. Count
the numbebaf shooty of the two colors you see (green and
white). These plants came from seeds of second-generation
plants. Figure 3-6 diagrams the crosses that were made.

Figure 3-6
? . . “Wﬁ?"‘l“ . ? . - (?
n
Pure-strain parent X ¢ Pure-strain parent
. el -l N ,
? ?
_ First-generation plant X First-generation plant

¥ |

Second-generation plants
bo (Those in your pot‘ﬂ dishes) -

/‘
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of inheritance as beans and peas.

in the petri dishes to predict the color of the first-generation
and of the pure-strain parents. In your Record Book, draw
' " up a table of your predictions.
" Easily seen features of pea seeds and tobacco seeds have
taught you still more about inhentance. In the next chapter,
you'll be asked to develop a model to explain the pattern
. that you have scen here. If you like a challenge, you might
try to think of your own model now. If you’ve come up with
what you think is a good one, describe it jn your Record
Book. Later you can check to see how good it really is.

Reminder Don’t forget to watch your fruit flies daily. Before
going on, check your calendar to see where you are in your
fruit-fly experimentfs. y '

Before going on,'-do Self-Evaluation 3 in your Record
Book.

~— -

¥

Let’s assume that tobacco plants follow the same pattern .

Try working backward from the second-generation plants

piladiopadabiaa e i o ol
. SRS e gty

N

Studeants should find a ratio of approximately
3 to 1 for green and white (albino) plants. If
thay use the peas (and the beans) as exam-
ples, they should reason that all first-
generation plants ware alika (all gresn) and
the pure-strain parents were of two different
colors (green and white).

Untess students have some prior knowledge
of genetics, it is not reasonable to expect
them to postulate much of a model.at this
time. .

)

GET IT READY NOW FOR CHAPTER 4

No axtensive preparations are necessary for
the chapter. However, you should have the
brown and clear plastic squares and the
paper bags readily available. Students wiil be
going on to this chapter before completing
Chapter 1. *

CHAPTER 3 41
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EQUIPMENT LIST
Per student-team

2 paper bags
2 brown plastic squares
2 clear plastic squares

Bits of I_nformation

ExGursions 4-1 and 6-1 are keyed to this
chapter.

Your observations have shown that parent peas, beans, and
corn plants all pass features 10 their oftspring in the same
way. In this chapter your problem will be to develop a model
with which to explain the pattern you have found.

¢

experiment.

l. Each parent plant had beans with a distinctive color.
One pure-strain bean parent had brown beans, and the
other pure-strain bean parent had white beans.

2. Only one seegl color showed up in the first generation:

- all the beans of the first generation were hrown.

3. In the second generation, both seed colors appeared
again. Some second-generation plants had brown beans
and others had white beans.

4. In the second generation, the ratio of colors was three
brown beans to one white bean.

- @ x G

Pure-strain Pure-strain
brown white

M — 1

Parents

First generation

Second
go’non_ﬂon

2

White .

Let's start by summing up what you saw in the bean seed

CHAPTER EMPHASIS

On the basis of past observations, a modal is

developed to explain the pattern of genetic
Inheritance.

Chapter 4

MAJOR PQINTS _.

*1. A good mode! can help explain an ob-
served pattern of inheritance.

2. A good model should aiso enable you to
predict features In oftspring.

3. A sclentist always tries to build the simplest
model to explain his observations.

4. Although simple. the one-bit model cannot
easily explain genetic inheritance in suc-
ceading generations. .

5. The two-bit model assumes that each par-
ent has two bits for each featyre, and that
each parent passes one bit to the oftspring.
6. When two different bits of information are
received, one bit may mask the other.

7. Chance determines which of two bits will
be passed from parent to offspring.

8. The two-bit model accounts for the obser-
vations made go far.

9. Scientists use a test cross in looking for
hidden bits of information.-

10. In making a test cross, you should use a
pure strain of the masked feature.

Figure 4-1

Students should stiil be checking their fruit

fiies, dall_y.




Are your students famitiar with the concept of
a scientific model? You may want to have
some small-group dlscusmon with them on
the points below.

BUILDING A MODEL

&

Mental models are

(1) man-made,

(2) based on reasonabte assumptions,

(3) kopt as simple as posslb!e

(4) based on observations,

(5) used to suggest new experiments and
observations,

(8) used to predict what will happen in new
but similar sltuations,

(M

plain new observations, and -
sometimes discarded if they cannot be
changed to accoynt for new observations.

(8)

THE ONE-BIT MODEL

.
1

44 CHAPTER 4
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sometimes changed when they don’t ex- :
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[J4-1. For what feature did the peas you studied follow a
pattern similar to the one shown in Figure 4-1?

The mode! you develop for how parénts pass on thetr
features must explain why the becan experiment turned out
as it did. More than that. it should enable you to predict
the features of the offspring of other kinds of plants and
ammals.

You may #lready have decided that a message that deter-
mines the features of the offspring is somehow sent from,
parents to their offspring. Let’s assume that this is true, and
call this message a ““bit of information.”

Let's assume that offspring get all their bits ofmformatmn
from their parents. In other words, a brown bean'is a brown
bean because it got a bit of information that says “Form- - .
brown color” from either one or both parent plants. A whate
bean has a bit of information that says “Form white color,”
which was passed to it from one or both of its parents.

As you should know by now, in building a model you can
make any assumptions that seem reasonable. In building your'
model, you could assume that every individual receives from
his parents one, two, three . . . or more bits of information
for each feature. But the scientist always tries to build the
simplest model that will explain his observations.

The simplest model obviously assumes that each individual
has just one bit of information for each of its features. Thc
bit of information was passed along from one parent of the
other. Let's see how well this simple model explains the
pattern you've seen in the observations you’ve made.

According to this one-bit model, brown beans received one
bit of information for brownness, and this is what makes
them brown. White beans, on the other hand, got a bit of
information for whiteness. |
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To help you understand the way this model works, you
will use plastic squares to represent bits of information. A
brown square’ will represent a bit of information that says ~ Nole that the student uses two bags with a
g . . . ’ different kind of plastic square in each. Latar,
Form brown. Lnkcwysc, a colorless square will represent |, will use two of each kind of square with
a bit of information that says “Form white.” the two bags. '

Pick up these materials from the supply area:

2 paper bags

I brown square
l colorless square

Draw one sWe
from either one of the bags.

) i ? 3
ACTIVITY 4-1, Place the brown square in one bag and the /_j .
colorliess square in the other bag. Each bag now represents
one pure-strain parent. Draw one square from either one of .
the bags. The square represents the bit of information passed o

. .

on to a first-generation offspring.
Figure 4-2B reviews what happened when you crossed .
plants grown from pure-strain brown beans with plants grown
from pure-strain white beans. Eigure 4-2A shows what you ¥
know about the bits of information tnvolved. -
Use the one-bit model to answer the next five questions
about the experiment shown in Figure 4-2.

Figure 4-2A - " Figure 4-2B

Brown bit - White bit . Pure-strain Pure-strain
‘of information of information ~ parent #1 parent # 2

Pure-strain Pure strain érown J/ , White
Rarent #1 parent #2 : ‘First generation

First generation
7 bits of information

.

’
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This series of questions is designed to show

the difficulty with the one-bit model Since he
; has not been able to explain a!l the obsgerva-
i tions, the.student should-tfe led to decide to
, try a difterent model. You will probably find
that students are reluctant to discard a model
once they have started using it. Even good

! scientists have exhibited thjs behavior in the
past.
~
-
~
P
Figure 4-3

- mo—r— —
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((J4-2. What bit of information for seed color did the pure-
strain parent # 1 have?

(J4-3. What bit of information for sced color did the pure-
strain parent #2 have?

((J4-4. What color were all the first-generation beans?

()4-5. In Activity 4-1, what color square (bit) did you pick
from one of the bags (parents)?

[)4-6. What color square-(bit) would you havc ko pick in . .
order to produce the first-geheration bean shown in Figure
4-2B? . :

(]4-7. According to the one-bit model, did’ the ﬁrst-g_cn-
eration beans get-their bit of information for color from
parent #1 or parent #2?

The one-bit model explains the first generatjon only if you
assume that all the first-generation offspring réceived a bat
of information for brown. This bit would have had to come
from parent #1. - - \

b
" [J4-8. Why couldn’t parent #2. havc supplled a brown bit
of information? '

~ Parent #2 had only bits of information for white. It ap-

parently contributed no bits to its offspring. -
Now let’s try to apply the, one-bit model to what you N

observed in the second gcnevgtion. Figure 4-3 reviews that

_experiment. | ' ‘

A

First-generation parev;l Flrsl-gerfo?alldnp”arbni

Brown Brown

Second-crop plants

08¢0 G

3 Brown to 1 White

. "M
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'PnpaLEM BREAK 4-1 | s
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. Let’s use the one-bit model to see if-we can duplicate the
results of the experniment. ®

ACTIVITY 4-2. Place one brown square in each of the two
bags. Each bag now represents one (lrst-gonoratlbn plant,
Draw one square from either one af the bags. Each squfire
represents a bl\hat could be passed orf to a second-genera-
tion offspring. :

=N
=

’ v - Draw Bﬁnquam

§ vt
)

Y RN

gfom either one of the bags. \\

(J4-9r If you continue to draw squares (bits of information)
from either bag (parenl) what color square will you always
draw?

iN :
e

(J4-10. Usmg the-omy-bit model, how can you explain the
reappearance of the- white beans in the second generation
(see Figure 4-3)? , ¢

N,

e

If you were able to use lhc one-bit modcl at all to cxplam

why white beans showed up in the second gencrauon you -

probably had to rmake some pretty strange assumptions.
When this happens, it’s a.good idea to search for a more
useful model. The rest of this chapter will help you to do
this, but first you have a changg to work on your own, Try
to develop a “bit-of-information model” that will explain the
four points listed on page 43. In building your model, assume
that diff numbers of bits of information are passed
along. Then dedide which number of bits works best. Spend
up to one full day with this, and describe in your Record
Book the best ¢hplanation that you can come up with.

-

S R .68."
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4-10. 1t is impossible to explain the reappear- -
ance of the white beans In the secand gener-
ation by using the one-bit modef This. and the
earjiar fact that all the bits of information for
the tirst generation had to come from-only one
parent, makés the one-bit model unaccept~
able.

Problem Bregk 4-1. It is impossible to predict,
the new model suggested by the studant. He
may come up with a two-bit model, but may
be unable to make Il work. Accept the stu-
dent's best effort; he can check his-own suc-

.cass as the text develops its.two-bit model.

Encourage students to make individual nd
group attempts to produce a workable model =
(one' that explmns and predicts).

- .
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This I8 the model that ’Yvorks. Studems may
complain about bejng 18U dawn the falge path

"ot the one-bit model. This 1s the nature of

sclence. Many srroneous ideas are triqd be-

tore a successful one is found. AN
’ {
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e
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Perhaps your modél will do the job: perhaps not. But one
thing is sure. The one-bit model is in trouble. Let's look at
the next simplest ps)ssibililyﬂzi two-bit model.

o

For this model, you will. assume two things: (1) every indi-
vidual has two bits of information for each featuré, and (2)
one byt for each feature s passed from each parent to its
offsprifig. To make it easy to understand what is happening,

"+ syou will again use the plastic squares. This time you will

heed two brown and two colorless squares.
Let’s try to use this two-bit model o explain the experi-
ment reviewed in Figures 4-2 and 4-3. . : '

Remember that pure-strain brown-bean plants crossed’

ith similar plants always produced brown beans. This mhkes
1t reasgnable to suppose the pure-strain brown-bean plants
can pass along bits of information for brown only. Similarly,
pure-strain whitc‘*bca»r‘\s must pass along only bits of infor-
mation for white. '

¥

~

ACTIVITY 4-3. Place two brown=squares in one bag and two
coloriess squares In the other bag. Each bag now represents
one pure-strain parent. Draw one squar/q"'trom each bag. Stack
the two squares together. These two squares represent one

offspring.

——

—~—

Draw one square
from ¢ach bag. - &

'If you followed the directions ¢ xctly, you got one brown
and one colorless square. The squares represent the bits of
information that the offspring received from its pure-strain
brown-bean parent and its pure-Strain white-bean parent.

(J4-11. What is the Onlylcomf)‘l'-n'-a\llon of bits of information

A e 0

- . ' : K1

65, %

(squares) you can get by selecting one bit from {'e,ac\h’__bag? .




o

You now have an interesting problem. You know that the : .
offspring from the cross of a pure-strain brown-bean plant / v
: dnd a pure-strain white-bean plant, were all brown (see
~ Figure 4-2B). Yet your two-bit model suggests that each of -

’ . these offspring received a bit of information for white from
its white parent. Why didn’t the white bit show up? N

)

[14-12. An assumption about the bits of information can  4-12. Possiblessuggestiohs m.\%iincm&e the

) ) - - following. the white bit may be Jafectiva: the
. \ explain why only brown-beans showed up in the first genera whito bit gets ~l0st”. the brown bit over.
tion. What 1s that asmmpuon'? . powers the white bit. :

] 4 ~

Perhaps you had trouble wuh qucmon 4-12: If o, an
activity with the squares may help you out.
. NEIR b
ACTIVITY 4-4. Place one brown square and one colorless P
. square In a stack as shown. Hold the stack up to the Ilght '
« . and look through It. ’

* e Sl o«

- [J413. What is the overall color of the two-square stack? _ 4

(]4-14. What assumption about bits of information does this , 4-14. Thelwhite bit is masked (hidden, cov-
o B suggest to explain why only brown beans showed up in the - ¢ up) by the brown bit. .
t gcncratlon?

mportant assumption - ’

-

Suppose we make tﬁa important assumption about in-
herited bits of information—-the bit of jpformat{on for brown
can ‘mask the bitof information for white. This means that
a plant-with on¢ hit of information for -brown and one bit
of information for white would produce only brown beaps.

" CHAPTER 4
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Use your two-bit model, including the new assumption,
to answer the next two questions.

4-18 One brown and one white ((J4-15. What bits of information would offspring get from
a cross of pure-strain brown-bean plants and pure-strain
white-bean plants?

4-18: Brown ((14-16. Assuming that the brown bit of information can
. mask the white bit of information, what color(s) would you
expect the first-generation beans to be?

417. Brown
Check these answers carefully. The success [ ]4-17. What color were the first-generation beans (see
" of the two-bit modet and its acceptance tf the " {
student rest heavily on this reasoning t{ Plgurc 4—2B),? . . i
. e . So far, so good. But whayg about the second cro_p\7 You will
. remember that this is what happened when'the first-genera-
tion plants were crossed: . -
1 Brown Brown 3 brown and 1 white
; i ’ * first generation - first generation in second generation |
i | . - v
i : 5
| [ , ‘.
' R *"4 . ) )
[ —" Can thes&results be explained by the two-bit model? Let’s

_Parent #1 try an experiment to find out. -

(J4-18. What combination of two squares represented the
bits of information of the ﬁ(s)-generatri“on offspring?
’ [ 4
The first-generation offspring are also the second-genera-
tion parents (see Figure 4-3). Let’s see what would héppcn
if beans from two such parents were planted and a second
generation produced. ' '

ACTIVITY 4-5. Place one brown square and one coloriess
square In one bag (pareni_ #1). Place one brown square and
one coloriess square in the second bag (parent #£2). ]

These two bags now represent the parents of the second
generation. Remember that each square stands for a bit of
information. . ’

. .
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X (14-19. According to the two-bit model, how many squares
' should you take from ecach bag to produce a secqond-
generation offspring? - N -

Well, now you have another problem. Each one of this

pair of parents has two different bits of information. But only

. one bit can be passed along to the oflspring from each par-
ent. The question is, “Which one?” :
Once again you can use the “keep it simple” rule of model  One of the difficult things for students to ac-

Ny B . . , Lo : W ¢eptin genatics is the idea of chance. Mendel
buillding. About the sunplest answer to the “which onc fcognized this chance factor. and reafizod

question is “‘either one.” That is, you cam assume one bit  that it would require relatively large numbers

a uch ¢ of being passed on as the other. of offspring before a pattern of inheritance
has as much .chancc ( _b ! b P d as 0 . . couid be determined. Thus. in question 4-20,
In a mOH]Cnl, )"Oll “’lll blln(”y SC]CC[ one Sqll{lrc (bl[ Of all threa combinations are possible However,

! " information) from each bag. Either square in each bag has i one bit were drawn from each bag only

- . three times, It is highly uniikely that the three
the same chance of bemg selected. combinations would be attained incidentally.
for your information only, you will note that

. . - the middle combination (one brown squfire
(14-20. Plz'lce -Zl check mﬂark 'm your Record Book ,next' Lo and one colorless square) can be oblained in
each combination of squares listed below that you could pick.  two ways: a brown from the first bag and a

colorless from the second, or g colorless from

Two brown squares . ' " the first bag and a brown from the second.
0 b e, d -olorles . Each of the other combinations can only be
ne brown squarc and one colorless square obtained one way. This explains why there

Two colorless squares . sholld be approximately twice as many of the
. middle combination as there are of either of
> ' the other two.

~ ACTIVITY 4-6. Without looking, rech in and take one square :

from each bag. Indicate with a check mark in Table 4-1 in

your Record Book the combinagion of squares you got. Return ' ’
each square to the bag from which it came. Shake the bags
and repeat the procedure at least 60 times.

Note The success of this activity depends upon your honesty.
It may be possib/é to tell the squares apart by the way th;z_y

: feel. Do not let this influence you. Take the first square you .

“ touch each time. ' . CHAPTER 4
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Actually. G0 trialts are 0o lew
ﬂ[)[‘)l()aiﬂlﬂ(pl\:
15-30-1% When the dala s entered n Table
4 2t should show approximately 45 15
a rounded-oft ratio of 3 to |
this number of tnals, 1t 18 not usual to got
roundoed-ofl ratios cloger 1o 2 1o 1 or 4 to 1
It this bothars the students. have thom do 2
greater number of tnals ~

Jﬁ
!
{

CHAPTER 4

Sixty trials may seem like a Jot. You might think that two
or three times would be enough. A hittle later you will see
why so many tnals are necessary.

Table 4-1

+ . PN -

COMBINATIONS OF SQUARES IN SECOND GENERATION

1 Brown
2 Brown 1 Colorless 2 Colorless
Check
marks
Totals ‘

b

Use the data in Table 4-1 to complete Table 4-2. Remem-
ber that each pair of squares represents a second-generation
offspring. Remember also that brown bits can mask white

bits. ?'/
Table 42 Co
! ) Number of ~ Number of
Brown-seed White-seed
b Offspring Offspring
Total
Rough
ralio T)
Roundf:d-oﬂ' l]o
© rauo . l
L . / v . e

[)4-21. How does the ratio of brown to white in Table 4-2
compare with the color ratio you actually found earlier (Table
2-1)? .

Did you find three combinations of bits fohrxbrown Jeans
for every one resulting in white? If you did not, check over
your work. ‘

Well, the two-bit model should have passed the test fairly
well.. It accounts for the observations youw've made. To be
sure that you are clear on what your model says, let’s try
to state it clearly.

73

g : G L 16 1} 22, q Ko N b 1] o . 'y g ‘o ..
it Sk el AR RN B b yte LGRS SO e S R B AL AT RO IENGG v o




ANYBODY
GIVE ME

TWO BITS
FOR THIS
BEAN ?

Reuiewing the two-bit nmiodel

l. Every individual has two bits of information for each
feature; the individual’s appearance depends upon what
those bits are. .

2. During reproduction, each parent passes to its offspring
one bit of information for each feature. This gives the
offspring its two bits for each feature.

o ’ 3. Chance determines which of the two bits for a feature

' is passed from parent to offspring,

4. If an individual receives two different bits of informa-
tion for a feature, one bit may mask the other.

Your two-bit model is very much like the one now used
by.scientists. A bit of information has been gotten as to what
these bits of information are like and where they-are located.

* - The story of how this information was gotten 1s quite inter-
esting. When you get to Chapter 6, youw'll have a chance to
do Excursion 6-1, which will tell you a bit more about it

to take a look at this excursion now.

PROBLEM BREAK 4-2

The two-bit model explained nicely your earlier observa-
v tons of bean seeds. But remember that a good model will
help you to predict as well as to explain.. Can the two-bit
model predict as well as explain? Let’s see. "
The results of three crosses with bean plants are drawn
on page 54. For two of the crosses, the offspring’s'beans have
~not been described. It is up to you to use the two-bit model
to predict what color the offspring’s beans will be. Discuss
your results with your teacher, your classmates, or both. Write
in your Record Book a brief description of how you used
the madel to predict the bean colors. -

L)

and about bits, too. If you're really interested, you might want’
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This Is a good summation of the two-bit moda!
80 far.

Excursion 6-1Is interesting. but it is probably
a little premature at this point. It asks some
questions about material in Chapter 6 that thé
student has not yet studied.

Problem Break 4-2 is important. N will test the
student’s understanding of the model. You

may have to suggest a method for the studant

lo use. He may use the brown and clear :
squares in the paper bags (with a large num-
ber of triais for each case); he may use the
diagram method:

88 X —~WW

* EXCURSION

or he may use the ‘'square” method:

’
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Bean Cross #1
Pure-strain Pure-strain - Brown-bean
white-bean X tbrown bean -~ first gonarstion ,
" parent parent plants
]
5 Bean Cross #2
R Brown-bean Pure-strain -
' ¥ first genoration X white bean == . 7 bean plants
. : ‘ : plant . plam )
1
I, .
"_ . Bean Cross #3
% Brown-bean x Pure-strain - <
- <. first generation brown bean 7 bean plants
plant plant

i !
T | ' : Hint In solving rhe problems, you may want to set up experi-
ments like the ones shown in Activities 4-5 and 4-6.

1 N .
| PROBLEM BREAK 4-3 : | ,
' s
" . . A -
i ‘ - Will other models work as well as your two-bit model?
‘
B Here’s your chance to find out. You may test as many models
Students may be reluctant to try other modets  as you like, but do not spend more than one perigdd on this
after they have seen the apparent success of .. . : .
the two-bit model. They should find that ~ aCUVILy. As a start, you might try a three-bit model; then
models with more than two bits are CUmbe); a four-bit model; and so on.
:‘;’s';"o;,os:;‘;'?::sw”' probably fai to explay Eirst, insert some number other than one ot two in the _
, ' , ! ~ model description given below. (You've already used those.) .
l _

observations. Describe the results in your Record Book and

‘ : ) | Then try to use the new model to explam your bean-seed
|
| is a good one.

state whether or not the new mode

. ’ ‘ , l Each.adividual has bitd of information for each
o . ' . . feature; the individual’s appeargnce depends upon what
‘ : ‘ : those bits are. : :
f N 2. Durmg reproduction(each parent passes bit(s)
I ‘ - . . . . » .
' of information for eadh feature to its’ offspring. This
H gives the offspring its bits.

3. Chance determines whlc
to offspring.

4. Some bits of information m

54 CHAPTER 4 : mation.

bits are passed from parent .

k other bits of infor—
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Suppose you were given some brown bean seeds but were
told nothing about their parents. How would you know
whether or not they were a pure strain? Could the twe-ht
model be used to explain the background of these seeds?
Let’s ind out,

According to the two-bit model, a plant may carry bits
of information that don't show, because, one bit of informa-
tton may mask another bit of information. Scientists find a
test cross useful in finding out lforg'\msms hnvc ‘invisible”
bits of information.

In a test cross, you cross the unknown plant with a known
plant. Let us consider the unknown plant first. If you were
gven some brown seeds, they could have either of two poss-
ble sets of bits. They could be either: )

D - =
Pure ' Impure (One bit 1or brown,
(Two bits for brown) one for white)

K4

. Let’s see what would happen if you planted one of the
brown seeds and crossed the new plant with a pure—stram
brown plant. -

Figure 4-5A shows what the oﬂ'spnng wo,ufd bc like if the
unknown "se¢d had (wo bits of information for “Form
brown.” Figure 4-5B showswhat the offspring would be like
if the unknown seed had one bit of mformfmon for “Form
- brown” and another for “Form white.””

1

Figure 4-5A | o b

H ) \
— !

Figure 4-58

TEST CROSS

This material on a test Ccross can be useful
for two reasons.

{. It ¢an acquaint the student with this impor-
tant procedure and give him rules for carrying
it out

2. it can give htm practice in using crossing
diagrams, as shown in Figs. 4-5A and 4-58.

Figure 4-4

B P

)

Pure-strain . \‘ impure

brown bean

Pure |
“unknown’'

All brown-seed offspring

I

“unknown'’

" All brown-seed offspring

Pure-strain
brown bean

%

]
¥
H




The student's answers 10 these three ques-
tilons should indicate that he understands why
the brown-bean (the dominant) plant should
not be used in a test cross whatever type it
18 crossed with_ all tirst-generation seeds will
be brown.

4-28. When the pure-strain white-bean plant
is used in a test cross, there may be a ditfer-
ence in offspring. When the pure-strain
brown-bean plant I1s used, offspring are al-
ways alike (brown). Incidentally, as used here,
the term impure really means a hybrid, or
"mixed-bit" plant. The term hybrid has not’
been introduced at this point.

56 CHAPTER 4

If you wish, you can test the two crosses shown in Figures
4-5A and 4-5B with the plastic squares and bags.

(14-22. What color seeds resulted from both crosses?

(J4-23. Does the cross shown in Figures 4-5A and 4-5B tell
you whether your unknown seed was pure or impure?

[J4-24. Explain why a pure-strain brown-bean plant is not
a good plant to use in a 4est cross. "

Obviously, you have to make some other type of cross.
Figure 4-6 shows such a cross; plants grown from unknown

seeds are crossed with plants known to be pure strain for

white seeds.
i
;

i

!

Figure 4-8

“Unknown"' Pure-strain, white seeds

Half the sesds are brown Hall the seeds are white

" (]4-25. What color seeds resulted from ‘the two crosses? °

((]4-26. C.omparc your answers for questions 4-22 and 4-25.
How do they differ?

{14-27. How could you use a cross like this to tell whether
your unknown seed was pure or impure?
, S

(J4-28. Explain why a pure-strain white-bean plant and not
a pure-strain brown-bean plant must be used in a test cross.

((J4-29. What ratios are found in a test cross using a pure-
strain white bean?

Now you should tackle Problem Break 4-4 (o see-how well
you understand the idea of a test cross.

R, o 26 i AR s Lt
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PROBLEM BREAK 4-4

Suppose you were given some smooth pea seeds but were
told nothing about their parent plants. How could you find
out whether they are pure strain or not? Describe your ex-
periment in your Record Book.

o

. Ratios, ratios, ratids. You either have to be tired of them
by now or very suspicious. Aren’t you suspicious of the 3-to-1
ratio that keeps showing up in peas, beans, and tobagco
plants? A scientist rarely accepts a fact without proof. If you
would like proof of why certain ratios keep reappearing, turn
to Excursion 4-1, “Don’t Flip over This.” | -

\\ ’
Reminder Don’t forget to watch your fruit flies daily. Before
going on, check your planning chart to see where you are in
your fruit-fly experiment. *

Before going on, do Self-Evaluation 4 In your Record
Book. , o
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Encourage students to describe a test-cross
experimant, and nal just to say 'grow the
smooth pea seeds far several generations.
Although this mught prayide the answer, It
would take a much longer time. ’

3

1

 EXCURSION

Excursion 4-1 will generally be enjoyed by the
students. You may have to loan some coins.
It Is a good exercise to help understand
chance or probabllity.

GET IT READY NOW FOR CHAPTER 5 -

Students will need small pieces of PTC
(phenyithiocarbamide) paper for the taste
test. The strips in the supply vial are about 48
mm x 7 mm and can be cut into 4 equal
parts, 12 mm lang, for economy reasons.
These pleces should be placed in a capped
vial marked “Taste Paper A." Plain white
paper that is similar in texture should-be cut
in identical sizes and placed in a second
capped vial marked "Taste Paper B." These
will serve as a control. PTC is a harmless
chemical, but some students may find the
taste objectionable. You might consider hav-
ing a few mints or candiag MVailabte for use
after the taste tests. Orjatudents might be
allowed to rinse their Mmouths at the water

* basin.

CHAPTER 4 57
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EQUIRMENT -LIST . - CHAPTER EMPHASIS

Per student-teary - - = THe twb-bit model 1s used to predict and ex-
b plain the inheritance of ““eithar-or * lgalures in
humans.

2 or more places PTC taste paper A%
4 or more piaces untreated taste paper B -

“Sea page 87 o . ) )

‘Either Heads or Tails . . - Chapter 5

LS

There are no excursions keyed to this chap- ) "
ter. MAJQR POINTS

. - ' . 1. Now that the two-bit model-has been de-

. veloped, it can be tested with human features

Ly - R 2. Some human features, such as abihty to

It's ume te lake_a good look at where you've \been and where laste PTG. are of the either-or type.

you’re going. I’s taken you four chapters tq develop your 3. The bit of information that appears to do
~ : ) . ! the masking is called dominant.

“two-bit model The two-bit model you've built assumes 4. The bit of information that appears to be
that: ’ ‘ " masked is said 10 be recessiva.

5. A dominant bit may be represented by a

1. Each individual has gotten from its parenls two bits 6F capital letter; a lower-case lettef is usually
f t fi h f used for the recessive bit.
information for each feature. : y) 6. The it mode! works well with either-or
2. During reproduction, each parent passés to its offspring  human features.
7. Family trees of eithar-or features are help-
one b" of mformatnon for each fe'uure ~tul in understanding human inherntance.
3. Chance determines which of the two, bits | is passed from 8. Predictions about features of parents or
: N offspring can be made in terms only of proba-
parent to ot’fspnng. bility, not of certalnty
\ .

4. If an individual receives two different bits of informa-
tion for a feature, one bit may mask the other.
N Ba
/ /)" \"'
[ Ay
v A
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The model seems'to work with pea seeds, bean seeds, and
tobacco plams and you will soon be finding out if it works
with fruit flies. But can the model help to explain how human
parents pass their features on to thexr chxldren" Let's try to
find out. . :
' First, you'll study tﬂe ability of people to taste a harmless  Only small pieces of taste paper are neces-
chemical called PTC (phenylthiocarbamide). To begin the 37 Se¢ the teacher notes on page 57.
experiment, you will need four or five Sll'lpS of paper that :
have been soaked in PTC. ” 59

80 .
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The RTC is an example of an either-or feature.
It is either tasted or not tasted. About 70% of
people experience a bitter taste, while the
others taste nothing. Therefore, in question
5-3. there should be no “in-between’ re-
sponses.

860 CHAPTER 5

ACTIVITY 5-1. Put a plece of PTC paper into your mouth and
chew it. Have several of your classmates chew PTC paper.
Also, check with any others who have already chewed PTC.

,
»

(15-1. If anyone could taste the PTC, how do lhcy describe
the taste?

[]5-2. How did those who could not taste PTC describe their
experience?

[J5-3. If anyone got a different taste from the others, de-
scribe it o
((]5-4. Every student might have chewed something to pro-

vide a control for this experiment. What was it? (Go ahead
and have them do it as a check, if you wish.)

As you have just discovered, some people can taste PTC
and some cannot. Figure 5-1 shows the response to PTC
among members of a make-believe family=—the Smith fam-
ily. Look it over carefully. Notice that the chart shows

whether or not each family member could taste PTC. It also.

shows how all of the fanily members are related to one
another. '

Now let’s try to use the two- Bit model to explain the Smith
family data. The description of the model on. page 59 may
be helpful as you answer the next few questions.

Begin by looking at Grandfather Smith and Grandmother

Smith. One is a taster, and the other one 1s a nontaster. They

had four children.

~
-~

¢
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Grandmother Smith

Grandiather Smith
’ Taster

GO

Nontaster

R

OO

Grandiather Jonas

-~

GQrandmother Jones

Nontaster

[¢X©)

Nontaster

OO0

Ted Smith
Taster

Fred Smith
Tastar

Mary Smith
Taster

John 8mith
Tastaer

Sara Jones
Nontasier

Harry Jones
Nontaster

Tom Jone-
Nontaster

OO

OO

OO

OO

0O

0O

* Sam Smith

" Taster

Jane Smith
Nontaster

Mike Smith
Tastor

Sally Smith
Noniaster

OO

OO

OO

OO

@O

Figure 5-1

[)5-5. Suppose you assume that the two bits of information
for tasting PTC are “taste” and “‘nontaste.” Which of these
bits seems to do the masking, and which is masked? Look
at statement 4 of the two-bit model on 1 page 59 before an-
swering.

Scientists usually call the bit for the feature that does the
masking the dominant bit. The bit for the feature that is
masked is usually called the recessive bit. Usually they use
a capital letter, such as T, to represent the dominant bit and
a small letter (like t) for the recessive bit.-

Under each name i Figure 5-1 in your Record Book are
two circles. The circles represent the two bits of information
of that person for taster or nontaster. ASsuming thdt T stands
for the taster bit and t for the nontaster bit, you are to
properly label each circle with a T or a t. Your answers to
questions 5-6 through 5-9 may be of help to you.

According to your two-bit model, every member of the
Smith family has to have two bits of information for tasting

PTC.

[]5-8. Wthh two bus (T or t) must every nontaster have?
Why? ;

Use the corrc’ct letters to’iébel the bits (circles) of all the
nontasters in Figure 5-1 in your Record Book.

Aa SR IR PR . . e B . : .
HRANEARR o oo stioplin o L £ ki it R s (S i g
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5-5. The "taste™ bit seems to do the masking.
The fact that all four chjldren ot Grandtather

and Grandmother Smith were tasters sug-

gests that a cross of a pure-sirain taster and
a pure-strain nontaster resulted in a first gen-
eration all with the same feature. If this is the
case, then in quastion 5-6, a nontaster must
be tt. Otherwise the dominant, T, would mask
the recessive, t. By the same reasoning, in
question 5-7 a taster ' may be either a Tt or a
TT. Using the ftoregoing, all the tasters and
nontasters in Figure 5-1 could be tilled in as
follows:

Grandtather Smith—TT*
Grandmother Smith—tt
Grarmdfather Jones—tt
Grandmother Jones—tt

- Ted Smith, Fred Smith, Mary Smith, and John

Smith—all Tt

Sara Jones, Harry Jones, and Tom Jones—all
tt

Sam Smith and Mike Smith—T1

Jane Smith and Sally Smith—tt

*The greatast uncertainty is with Grandfather Smith.
He could be either TT or Tt and still have four Tt
children. Also. ali his brothers and sisters could be
either TT or Tt (question 5-9).

“4
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[(JS-7. TaSters mught have cither of two combinations of two
bits. What are the two combinations? -

(\ e [715-8. What two bits of inforr_niuion for taste does John
- - Smith have? il
S s w0 T In’ answering the Yast queslxon you can be sure that John
. CL Smith has at least pne bit for taste (T)¥ecause he 15 a taster.
[ L v L v Bat it js not so egsy to decide what Johi’s second bit of
T 't 7 information is. Forl a cluc you should look back at the fea-
1N ' © " 7 . tures ofghi$ parents.
. ] .- N _"'-r\“‘ \‘*.‘_“( . . .V.‘
. B < 5 ~¥(76-9. You shou]g have.no trouble hgurmg out what two
> ,V'_ ‘,\ J]ctlcrs to use fot all the tasters in Figure 51 except for
i -Grandfather Smith. Suppose\ you found out that all of
.,andfathcr Sorth’s brothers and-' sisters had been tasters.-
Mhii-two letters would you® give Grandfather Smith? .
. W _p - the proper letters for all lﬂc tasters n Flgurc 5.1

; " L _ - N ~ Havc you'{;vc(r ked closcly at people s ears? No! Welly .

f ' . L . _ “here's your-chance. Ears come with either attached lobes or A -

S ‘ 4, ' unattached loBcs Frgure 5-2 5hows the difference bétween : o

) E A the two. * N ‘ - ‘

, _ Although‘tls‘no,l always easy to tell whether a pcrsons ' \
o s i - ' egr lobes-afemttached or unattached. (some people have one

- - < Figure 5-2. ’of cach) youcan uqually,dccndc o,nc way or the’ olhcr . :
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A fcw years ago, Dr. A, S Wiener of New York Cnty
checked the members of a large family to find out if their
car lobes were attached or unattached. Figure 5-3 shows what
he found. In the figure, squares reptesent men and bqu, and
circles represent women and girls. Blackened circlés or
squares indicate unattached car lobes. Those with no shading
represent people with attached lobes. Study the chart care-

fully. "

Figure 5-3
. Grandparents

v

5
Parent B

o /.-Parom A . /

Parents

‘T

Child A - < -
O = Female with attached ear lobes

h By
[]5-10 Look at Child A. Explain why you think parent A
Jis a pure stram for unaltached ear lobes or not.

D5—11 What evidence do you find-in Fxgure 5-3 that one
bit of information masks another?

8s-12. 'According to the two-bit model, what two bits does
parent B brobably have? What two -bits doe; child B fave?

. 0J%-13. Explain your answer to question 5 12, .

i

\ .
s - -
/

Another either-or human feature that is easy to study is how
- well people can roll their tongue. It’s kind of fun to get data
on this. To gct the data you wnll need to ' work wn%a partner.

" e

S 84

. = Female with unattached ehr lobes . = Male with upattached ear lobes

CcChild é - N

~
~

”

= Male with attached ear lobes

This is a very difticult séries® of questions.

Without knowing whether a shaded figure -

represents a dominant or a recessive feature.
it is impossible to tell whether parent A s a
pure strain But if you examine the progeny
of parent B, you tan see that it would be
highly improbable that a recessive feature
would be found in all six of the children. it is
“tar more I,i};ely that” the shaded figures (un-
attached ear lobaes) represent the dominant
teatura. If this is true. then child A must be

arent A would have
one bit redessive, of. in other words, would
not be a pure strain. By this reasoning, parent
B is probably a pure strain for unattathed ear
lobes and chid B probably has one bit for
una!tached ane one bit for attached ear lobes

CHAPTER 5 63
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- - CTWITY 5-2. Stick oul your tongue and try to roll your

. _ - tongue as shown

é

{.15-14. Are you a tongue roller?

A ‘ _ Collect data from your classmates. Ask them to roll their
. ' ' tongucs for you.

. (18-15. How many of your classmates can roll their tongues?

i - ' . 1 [J5-16. How many of your classmates cannot roll their
: : , tongues? .

‘ Figure 5-4 dmgrams the way lon'gue rolling is inherited
— in the Johmoq Familyx Look it over carefully. Once again,
. squares staid fof boys and men and circles stand for girls
~and women. Blackened circles and squares represent.people
who can roll their tongues. White circles and squares stand

for pe0ple who cannot. i

3

‘ . Figure 5-4 ‘ )
4 - Grandparents
f | .
t
j . -
i . & N .,
| - L :
! A . 7 Stew Lois - John Eloise Steve .
1 ‘
4 - )
‘ v
Children
64 Hannah  Marsha  Kit ' ) "~ Sandy  Daniel- Nancy \ 8in

o

o iy \yed i AR e GO Chech oty iy 8 1p L e 5
. . ) o I oAb gad T L) g 2. vl T " hill
(i_,m.( .\G.. \{ ghit! ._ 13 ; (g v- 25 x\ b SN PN R T A I A TR S TANE R Kbt ,\,PP.:,«:;. L 1¥) 5 ALK .
”~ . ) ‘ .




P

in your Record, Book.

T masks t.

~

The next few questions deal with the bits of information
of the people shown in Figure 5-4. In answering the question,
let the letter T stand for the tongue-rolling bit and the letter
t tor the non-tongue-rolling bit. You can also assume that

bs-ﬂ. What bits of information does Stew Johnson proba-

bly. have?

(J5-18. What bits does Mark Joﬁnson probably have?

[15-19. Why did you answer question 5-18 as you did?

,L15-20. What bits of information
probably have?

does Sharon Johnson

Y]

&

Well, by now you should have come to the conclusion that

the two-bit model works quite well for human

features as

well as for those in’plants like beans and peas. The problem

breaks -that follow will give you the chance o find out if

H works for your features and your friends’ features, too.

PROBLEM BREAK 5-1

Listed below are several common features of people. You
are to select one feature from the list for study. Your problem
will be to make a chart like the one shown in Figure 5-3

for your own or a classmate’s family.

The chart should show

how grandparents, parents, and children looked in terms of

the feature you pick.

&

Not everyone knows enough about his relatives to make
a chart like Figure 5-3. Your biggest problem may be to find
someone who does. As a hint, family photographs are often
a good source for information of this kind.

When your chart is complete, you

are to use the two-bit

model to explain what you find. The chart and your descrip-
tion of how the two-bit model applies to it should be recorded

~

\. Hitchhiker’s thumb., If a person can bend the tip of his
. thumb so that It forms a gteater than 45° angle with
the rest of the thumb, classify it as a hitchhiker’s thumbp.

2. Dimples. A dimple is a{“dent” in cithier the cheek .or

**  the chin. X

(R
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5-18. 71T

5-19 and 5-20. Sharon Johnson. Mark's wife.
must be U In order to show the non-
tongue-roliing teature. But their children aif
are tongue-rollers, so thay all must have a T
bit. This couly not come trom the mother, so
the best probability is for Mark to be TT

In Problem Breaks 5-1 and 5-2 the student is
asked to draw charts of the “family-tree*’ type
You will have to exercise fudgment on this.
There may be students in class who, for vari-
Ous reasons, cannot come up with thig ‘kind
of information. You might even have to gener-
ate data in some cases—that is, make up
sample family trees.




\

!

3. Widow’s peak. The hair_lin.e across the forehead may be
either straight or pointed downward ip the center. This
point is called a “widow’s peak.”

4. Gap between reeth. Some péople have a gap between

+ their center upper teeth. Usually a small piece of their
gum sticks down between the teeth. Other people’s teeth
are close enough to touch each other.

~ PROBLEM BREAK 5-2

Now here’s your chance to make a chart for your own
family—using the tongue-rolling feature. Test as many mem-

“ bers of your family as you can for the tongue-rolling feature.
Record your findings in a table in your Record Book. If any

~ of your brothers or sisters are married and have children,

you can gontinue the family tree downward. If you can get
data on your grandparents, you can continue your tree up-
warde '

Note /f you do nor live wi!h your far’ul) ger data from a
neighbor, ‘friend,.aor classmate.

When you have all the_information you can get, draw a

chart for tongue rolling. Remember that your chart should’

show the relationship between imily members as well as
whethef, they are rollers or nonrollers.

€
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@ Vhen your chart 15 complete, sec if you got the samesy

pattern as that shown in Figure 5-4. You may also want to
look at the family trees of your classmates to see if there
are patterns different from yours. Keep in mind that the bit
+ of information for tongue rollers (T) is dominant and the
one fdr nonrollers (t) is recessive.
By now you may be quite cdnfident of your two-bit model.
It seems to have worked quite well for the activities so far,
But up to now you have looked only at the inhesyance of
- single features. In the next chapter, you’ll have another
chance to practice using your model. This time, though, you
will look at the inheritance of several features at the same
time. )

~

-

" Reminder Don't forger to watch vour fruit flies daily. Before
. * ’ " ~ y -
going on, check Your calendar 1o see where you are in yoyr
Sfruit-fly experiments. Lo

Before going on,‘@o-Self—Evaluatlon 3 In your Record
. Book. |

9

"GET IT READY NOW FOR CHAPTER 6

You need to work out a systém for keeping
the ninsect parts in sets. Numbered shoe or
cigar boxes would be fine. The ninsect
pleces, transparent guide cards, and IBM
cards, in random order, should be readily
accessible in the rgom. Insist that studenis
relurn cardsrand parts promptly aftar use It
ydu teel that you heed Rdditional guide €ards.
they can be duplicated on any transparent
acetate sheel. At this point, some students
should be terminating their truit-fly exper-

ments. Be sure that they dispose of the flies-

and clean up and return their equipment.
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EQUIPMENT LIST o
Per student-team

1 transparent guide card " CHAPTER EMPHASIS

! set of nlrwec! parts . | The two-blt mode! can be used to follow sev-
2 papor clips : ! eral features atl the same time in a make-
Per clasa !

belleve organism called the ninsect
1 set of IBM punchad cards

Meet the Ninsect B | CﬁaptérG

Excursions 6-1 (general interest) and 6-2 ) !
(enrichment) are based on thischapter. -

3
o _
\ 1

Well, the two-bit mrodel seems to work with people as well | majoR PomnTs
as-with beans, peas, and fruit flies. You ca{1 use it to predict 1. A simulated organism can be used as an

i
things like ear-lobe shape just as well as 10 predict bean color | o I ane study of inhentance of multiple "
. ‘ i ealures. .
or I‘OL_lghnCSS mn pCElS.' \ > ; \2. The two-bit model is useful in predlctlna
But so far you’ve been Sludying“le*.O“e qea(ure at a (in]e_ f anc: ?xp‘lalning the genefic inheritance of S."!}V_- : '
: . L . . aral fealures. '
Plz.mls and amr_nals pass on a lot of features Y their offspring. 3. Random cholce of an IBM data-card simu-
Will the two-bit model work when you try to follow several  liates the random chance of oithar one bit or
features at the same time? That ts what y

* l i II IIGI be"“g passed “O”' pal()lll tO O"‘

e \
Have you everisec‘;l creatures like the ones %hown in Figure '
6-1? Probably nat, because they are make-believe beasts. We . |
mvented them @ °give you another animal Hat’s fairly easy T A
to study. They are called “ninsects.” Your problem will be 3 /
to make an imaginary mating of a pair of ninsects and to
try to predict what the offspring will look like; but first let’s
check the features that make up a ninsec;t. '

s

I3

h:!insoctB FEPN . _
Figure 6-1 i Y Sex characteristics are not used _with' the

. ST ) ' ninsecl because of the complex situations
- : [ ¥ . “ . . N that may arise in sex linkage and . sex-
Take a clﬁ)se look at the two ninsects in Figuré 6-1. Try '. *

_ determined traits*
to find eight differences in' the features of the twd. In your

. - )

v )I .
. B -
s (. R ’ T .
Record Book, list the differences that you find. 4 . : 69
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6-1 The two-bit model postulates two bits of
information (o1 gach of the egh!l feature:
Tharetore two ninsects could be ditferegnt in
aight separate ways

T. Wing pattern

8. Antenna
(straight or curly)

-

(ptain or spottod)\

Lol e e 1o ot irat b ST ik dho YRR et LONGR AR
A v NaAL) Yoo we e

\

(J6-1. According to the two-bit model, what causes the two
ninsects shown to look so different?

In a'moment you will be asked to make two ninsects and
to predict the features of thewr offspring. The eight features
that you will study arc the ones that make the two ninsects

i Fagure 6-1 look so different. To be sure that you caught

them all, take a look at Figure 6-2.

8. Wing sixe
(large or small)

//

2. Body color
(striped or plain)

v

4. Stinger

1. Eye color
(black or white)

8. Leg length
(tong or short)

“ ]

" Althouljh the answers to these two questions
are given on the next page. encourage stu-
dents to try to understand why there are a
total of 16 bits, 8 from each parent, and not
to |ust change their answers to conform to the

Ones gwen
70 CHAPTER 6
_a,’,_ Ly ‘\'t-.« 5 L5
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Figure 6-2

3. Body shape
{chunky or slender)

~

& -

According to the two-bit model, every ninsect has two bits
of information for each feature shown. .

[16-2. Altogkther, how many bits must each ninsect have for
all eight featu

The model assumes that each ninsect gets one bll for each
of the elghl features from each parent. -

6-3. Altogether how many bits does each parent pass to

its oﬂ‘spnng? g
'
. oL >
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Check your answers to questions 6-2 and 6-3 by turning
your book upside down and reading the bqutom of this page.
If your answers were not correct, you'd better review Chapter
4 before going on. . : b S '

v

Okay,- now you're ready to mate a pair of ninsects. To do PLAYING THE GAME
this, you_will need any two of the punched “parent” cards Emphasize random choice of the two cards
that are in a stack, in the supply area, and a plastic ninsect  aiso, when cards are returned aftor use in the -+
guidc card. ) ' } actiyities, they should be slid back into the
Lay the two punched cards on the desk before you. Notice -packmndo.m'y' : ’ o :

that eight groups of holes have been punched in each card. - ‘ _ l
The groups of holes in one of the cards represent a set of ‘ ,
cight bits of information from one ninsect parent. The groups oo ’
of holey in the second cdrd stand for the eight bits from a

: second parent. Your job will be to figure out what kind of
ninsect offspring would r‘¢sult from this combination of six- . “

L Y

teen bits of information. ‘ T : : i

ACTIVITY 6-1. Slide the plastic guide card over one of your
L punched cards as shown. Notice that each group of holes
' represents a bit for one feature. Notice also that some holes

fall on the D line and others on the d line. : . . o i
.\‘ . . , . ;‘

Bottom row

ettt -

( T e - - Top row

i . T ) . . v
i L )| Y
] ) /"~ TN ‘

: | L A i, 3

4 ’ , N - -
- Slide plastic guide f 3 g

over card 1. . : Z

_ ' & g g o

» |

P

4 swoRT
ANTENNA

D sTRMGHT d cumny
PAT TERN

d SPrED

WING SIZE
D st

D cwmKY d.ssmoer
" STINGER
Omesasr d Assearr
LE@ LENGTH
2 D e
O maiN
N d smaLL

;7 WING

>~ ¥

1

6
a

NINSECT GUIOE CARD
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S Table 6-1

_ Now use the plastic gmdc card-fo “read” the two punched
=uxrds (the bits from _the two pnrcnls) Tahle .6-1 in your

Rccord Book give$ you a place to describe- the bits of infor- .
" mation that are punched into each of the parent cards. Leave
- the Appearance of Offspring column blank for now.

Feature

Bits of Information

Parent (card) =1 Parent (card) #2

- Appear- - Appear-
Dord ance Dord ance

/

Appearance of
Ninsect Offspring

Lye ¢olor .
[black (D) or white (d))
Body color

[striped (D) or pl}lin (). *
- Body shape

(chunky (D) or slender (d)]
Slmgcr :
“[present (D) or absent (d)]
Leg length, "

[long (D) or short (d)]

Anteana | - o

[strarght (D) or cu’rlj(d)] '

Wing pattern

(plamn (D)l or spotted (d)]
~Wing dize

Llargc (D) or small (d)]

T

R
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-

» What the oﬂsprmg will look hke depends upon the bits
of information it gets from its parents. As you complete the®
. right-hand column in Table 6-1, remember D features always

-» . mask d features. If one parent’s bit is D black and the other’s

is d white, the offspring will show the dominant feature.
6. Which bit i§ dqminant, D black or d white?

* You have no problem when the bits from both parents -
are the same. If both.parents pass on the bit D black, that -
is what your ninsect inherits. If both pass on d white, your
ninsect inherits d white: Usmg what you have learned about
dominant and recessive features, complele the night-hand
column in Table 6-1.
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ACTIVITY 6-2. Using the Information in the right-hand column
of Table 6-1, pick the body pileces you need from the box of
ninsect parts in the supply area. Then buiid your ninsect

offspring.

659
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ACTIVITY 6-3. Attach a paper clip to each of the two parent
cards you just used. Set these cards near the ninsect you just

A
constructed.

—a

5

M

N
N\

ACTIVITY 6-4. Pick two more
. the supply area.
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parent cards from the stack in

A
)

PProbably one ef the greatest problems you will
experience in this chapter is the shortage of
the ninsect parts, so that only a. limited
number of students can be w king on the
activities. Encourage students% return the
parts carefully and ‘promplly when they have
finished with them Extra.sets could be made
on cardboard (or on paper glued to carg-
board),.-with considerable labor.
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These two new cards will give you the bits of informaton -
for the parents of a second offspring. Read the information
for each feature from both cards and record these data under

b}

> the Parent columns in Table 6-2.
Table 6-2 Complete the right-hand column in Table 6-2.
7 Bits of Information
Parent (card) # 1 Parent (card) #2 .
Appear- Appenr- Appcarancc.of
Feature Dord ange Dord- ance Ninsect O!Tspring

Eye color .
[black (D) or white (d))
Body color
Istnped (D) or plain (d)) - :
Body shape ) ( |
[chunky (D) or slender (d)) J
Stinger
[present (D) or absent (d)] 2 .
Leg length ' )

[long (D) or short (d)]
Antenna

[straight (D) or curly (d)]
Wing pattern

[plain (D) or spotted (d)},
Wing size

[large (D) or small (d))

P

7

~ ACTIVITY 6-5. Bulld your second ninsect by picking the right

body pieces from the box irt the supply area Place this ninsect -
offspring next to your first oftspring. ’

o
4




J ]

Card 1 ' Card 2 Card 3 Card 4

ACTIVITY 6-6. Put cards 3 and 4 below the new ninsect.

If your class period ends before you firush this rchaper,
put the ninsect body picces back in the box in the supply
area. But keep your four cards. Put the cards in a safe place
until you can continue. When you start again, you can easily
rebuild your two ninseets, using the information from Tabled
6-1 and 6-2. ) ‘ '

The two ninsects “xcf)ru Just’ createdk will soon be the proud
pareats of four “no
what these creatures will look like and to build a picture

- of each out of ninséct parts.”

The holes in the two cards betyw each _soon-tolb_e-parent
masect tell you what'set of bits it got feom each of its. parents.
Your two=bit model tells you that each .new parent ninsect

“will pass along one of these two sets of hits of information

to cach of its noffspring. But which set of bits will be passed
to which, noffspring? '

. (J6-5. What will determine-which se( (cagd) of bits (holes)

will be passed by each parent to the first noffspring?

Check your answer to question 6-5 by _turning your book
upside down and reading the bottom of this page.«

P
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spring.” Your problem js to figure out’

»

3 -

The ralatively few cards that may be out will
not affect the resuits with other students.
Howaver, you sQou!d impress on the students
the mportance ol safe care of the cards,

GETTING A SECOND
GENERATION

Toa

iy Ul
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two-bit model 15 summarizoghere. ,
: Earlier, you learned that"chance determines which bits of /

imformation are pmscd from a parent to an offspring. This

. means that either set (card) of bits (holes) from one parent
might combine with either set (card) of bits (holes) from the T

other parent to form a noffspring. Let's consider what com-

binations of cards (and bits) arc possible. Take a look at -

- Figure 6-3.

If you had trouble, turn back forh} o page 53. The

{J6-6. How many possible combinations of séts of bits are
shown i Figure 6-37
|
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One Ninsect Parent v Other Ninsect Parent
: ' — —
[ (= = P '
o J - :

_____ l,._'\ 'f__J-__.___._..L J__;_J : B B

-

TN\ r
i H ] %' {a e l}'
' i || :
: One possl‘blo l | Another possible ' Another possible l | Another posslblo
l noffspring A l l\ noffspring B l l . noffspring C J I noffspring D l
N e e e / —— e —— — — ——— —— } \—___— ————— \——.——-—:«\———) ' N
o ACTIVITY 68-7. Use the noffspring combination labeled “A” "
" A . in Figure 6-3 to pick out two cards. The sets of bits on these
: . .+ two cards will determine what noffspring “A” will look like.
e \,
& 4 ' —
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the other 1b. The

Lot’s call the cards with the

paper clips attached 1a and
second set of cards we will call 2a and

2b. Figure 6-4 illustrates these combinations.

—_
.\ a
' 1a P 2a
J +
B = . -
. 1 P e
@
e s e One Ninsect Parent Other. Ninseot-Larent....s f...
[ . -
. Let’s consider what combinations of cards (and bits) are

d possible. Take a look at Figure 6-5.

1a can combine gvith 2a or 2b.

[

K

] %

One possible notfspring — A

Another possible noffspring — B

1b can also combine with 2a or 2b.

-

: (~

5

; ‘ e ‘L'?.

)

} . Another possible noffspring —

c Another possible.notfspring — D
5

card 2a.

! ‘w/( . Take the card that you are cal

k]

!ing 1a and combine. it with

3 R Record the information for each feature from both cards
4 7 in the middle columns of Table 63 n yQur Record Book.
e . Then decide what noffspring ““A” looks like and tecord this
[ ,in the right-hand column. :

Figure 6-4 >’

" Normally students will nol have a greatl deal
~0f trouble getting the four combinatdns of the
crosses in Figure 6-3 Haowavaer thay do you
My wanl 1o show tham the  Punnett square
method Have them draw a squarae.” which
thay dwide into 4 parts as shown below
Across the top of the square thay can labe!

s and 1b Dowrvthe lelt side” they can enter

2a and 2b as shown

1a b
’ 2a | 1a-2a | 1b-2a
26 | 1a-2b | 1be2b

The possible combinations shown n the
Square result from intersecting the top labals
with the side labels

Figure 6-5
A
LY
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_ llargc “(D) or small (d))

Bits of Information
Parent (card) 21 Parent (card) 72
- Appear- Appear- Appcarance of
Feature ) Dord ance Dord ance Ninsect Oftspring :

~Eye color ‘ . \

[black (D) or white (d))

Body coolor - .

[striped (D) or plain (d)] B

Body shape . I

[chunky {D) or stender (d)) '

Sunger ’ :

{present (D) or absent (d)] -

leg length \ .
. [long (D) or shcrt (dy ) .
. Antenna 7 !

[straight (D) or curly (d)i ¢ *

Witdg pattern ' . : ‘

[plain (D) or spoltcd () .

Wing size N .

{large (D) or small {d))

Table 6-3

L]

Table 6-4

¥

2

Consult Figure 6-5 and combine the cards for noffsprings
“B” “C,” and “D.” Record these data in Tabtes 6-4, 6-5, \
and 6-6 in your Record Book and complele the nght-hand
column of each table.

~

v

Feature

- Bits of Information

Parent (card) 1

, Parent (card) #.2

Appear- Appearance of

Appeoar- .
Dord D or"(?‘ ance Ninsect Offspring ' : A

ancé

Eye color

[black (D) or white (d))
Body color

Istriped (D) or plain (d))
Body shape |

[chunky (D) or slender (d))
Stinger

{present (D) or absent (d))
Leg length *

{long (D) or>short (d))
Antenna

[straight (D) or curly (d)] %

Wi ng pattern
[plain (D) or spoucd (d)]
Wigg.size .

ﬁ

_ L
'{ M
‘ \ LI v !

n
rma——

L PRIy RAITARI o p A A e s 2 e Iy el S B AT i R
T "“-‘g\‘: TPy ':'?"‘"’ VR T R gl ey

- elem e . - . m mm e ia e 5o .-
! . i * oy LE TN
] .. L e e - )

v Rd

1

I N DR SRR




*

Table 6-6

Feature

Btts of Information

Parent (card) g1

Parent (card) 22

Appcar-

Dord _| " -ance

Appcur-
Dord ance

Appecarance of

Eye color

[black (D) or white (d))
Body color

[striped (D) or plain (d))
Body shape

[chunky (D) or slender (d))
Stinger

[present (D) or absent (d))
Leg length -

(long (D) or sho\(’\d)]
Antenna

{straight (D) or curly (d)]
Wing pattern .

[plam (D), or spoucd (d)]
ng size

(large (D) or small (d))

Ninsect ()ﬂ'spn'ng j

- Bits of Information
. Parent (card) %1 Parent (card) z£2
. [ . N Appear- «Appear- . Appcnrnncé.of
Feature Dord - ance Dord - ance Ninsect Offspring
ye color (
black (D) or white (d)) , -
Body color

[striped (D) or plain (d))
Body shape

(chunky (D) or slcndcr (M) | !

Stinger

[present (D) or absent (d)} .
Leg length

(tong (D) or short (d)]
Antenna _
[straight (D) or curly (d))
Wing pattern |

{plain (D) or sponcd (d)]

' ng size
: [hrgc (D) or small (d)|
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6-8. The student should find differences in all
tour. The chance that two nofispring would
ever be alike is rather remote.

: z
You should exércise judgment as to whether
) .this problem break might be optional for some
L -Btudents. This is especially true it you _are
§ | - experiencin} a shortage of ninsect parts.
Some students, however, may definitely nee /
the turther practice.

2 - 2 ot -~/
. e
. : - PURPE
* A
’ ’ ~

ACTIVITY b- 8. Construct your four noffspring by selecting the
right body pleces from the box in the supply area. Place the
nofispring below their parents for comparison.

(J6-7. In what ways do the features of the noffspring differ
from the features of their parents?

[)6-8. How do the noffspring differ from each other? Answer
this by comparing the features of all four noffspring.

PROBLEM BREAK 6-1 ?

When you get older, you’ll sometimes wish that you could

- live .your whole life over again. You'll thitk that you coyld

do a better job of it the second time because you know so
much moye. This is your chance to live a part of it over. again
right now. See if you can get more out of it the second tlmc
around. . ' -

Play the ninsect game one more time. Begin at the point _
~where you randomly selected your first two punchcd cards
" (page T1). Repeat that page and continue again to the page
you are now on. Complete new inheritance tables to find
out what another set of ninsect noffspring look like.

It should be clgar by now how the two-bit model can help
yod predict the inheritance of features generation after gen-
‘eration. If the' process of doing this doesn’t become almost
second nature, repeat the same steps again. ~
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PROBLEM BREAK 6-2 -

Here's a good chance to test your understanding of the
two-bit madel and of inheritance n ninsects. You'll try to
predict the features of parent ninsects by observing the fea-
tures of their noffspring. For this activity, you'll need to find
a classmate who 1s at the same place you are.

ACTIVITY 8-9. Ask your pariner to cover up his paro;\t‘

¥ ninsects. Study his noffspring and try to predict the features
of their parents. He should do the same with your ninsects.

vy

NINSECT PARENTS

~ ? X 7 -
. | v N N\
| ?2 ? ? ?. '

This problem break is difficult, but definitely
good practice with the two.bit model The
following suggestions may help the student.

1. If all tour nottspring have a recessive fea-
ture. both parents must have had the reces-
sive feature and probably were purs strain
2. 1t all four noffspring have‘a dominant fea-
turs, one parent probably is pure-stramn domi-
nant. The other parent ¢ould have any combi-
nation ot dominant and recessive hits.
3. 1f three noffspring show the dominant fea-
. ture and one shows the recesside. then both
parents must be hybrid—that is. have one

woreey... . dQINAnt .And. QNe_regessive bit for the tea-

ture.

4.-11 two of the noffspring show dominance for
a feature and the other two show the retes-
sive trait, then one parent probably is pure-
strain recessive and the other parent hybrid,
or mixed, for the feature

It might be of interest to you that the four

. cases listed here are the most probable com-
inations of a feature in the noffspring. For
finstagce, from a genetics standpoint, the
probability of one dominant and three reces-

NOFFSPRING

Draw a table in the space provided in your Record
Book. Record your predictions there. When you and your
partner are finished, you -should check your predictions by

overing the parents. Discuss with him any differences
bj(wccn the actual and the predicted features.

2
«

Mint: “ff you have trouble getting started, take a look at one
. --feature at a time. .

Your two-bit model for inheritance is very much like the
model now used by scientists. The story of how the two-bit
model was built in the first place reads like a detective story.

~_Excurslon 6-1, “A Bit More About Bits,” tells this story
.. " Take a look if you are interested.

- Before going on, do Self-Evaluation 6 in your Record

] : Y
e T T . , !

No equipment preparations need to be made
~ for Chaptar 7, but Excursions 7-5-and 7-6
B require madterials, and arrangements for fa-
- . . ' _cilities thit yoti should check.

sive noffspring 1or a feature is low, and cannot
be predicted from the two-bit model.

Excursion 6-1 is.keyed here. It could be con-
sidered general in nature, but will be enrich-
ment for some, The historical basis of Men-
del's work Is presented, and more_ recent
lnformatlon on genes and chromosomes is
given. . -

a

(:’(ql ON

Excursian 6-2, keyed in Excursion 6-1, is for
enrichment. It follows the expegriment that
Meridel did with a dihybrid crdss in peas.
Then the student is given the opportunity of
applying the 'Punnett square’’ method with
two simuitaneous features in. ninsects.

e

CHAPTER.6 81

‘.

|

My

t
:

an-"e

AL e me A o

LY



BRI g yre vor e _
.. R S )

w

e

ERE ARG




o L P .- RS

.

N 4
*in (%) 1 e o .

a_:‘l v o Y fE X 1 n ¢

CHAPTER EMPHASIS

EQUIPMENT LIST ' The two-bit model is modified to include
) blending and sex linkage, and the interrela-
tion of inheritance and environment 1s exam-
ined.

Problems, Problems, Chapter 7
Problems oYL MAJOR POINTS - - '

1. Models must sometimes be moditied to tit

new observations.

2. Sometimes features’of an orgamsmjm '
1

No equipment requllrod

¢ Excursions 7-1.7-2, 7.3, 1-4.7-5.7-8, and 7-7 stead of exhibiting dominant or rxce ve

- arokeyed:1o the chapter. ' characteristics, blend in passing frorh parent

y to offspring. -

R r . . 3. The way fealures behave In passing from
i : “will hiv I i it t

7 Ji R In this chapter; you-will have the chance to test your model- ‘o’a;‘,’\";:; oftspring Is sometimes difterent for

building ability. If you took either the seventh- or cighth- 4 The sex of an individual is controlled by

grade ISCS course, you know that models must often be  Special kinds of bits pf inYormation passed on
by parents. . N~

changed to explain new observations. The two-bit model that 5. Both Inheritance BRY- environment play a
has worked so well up to now wiélgsimply not explain the  part in/the detérmination of some features. N

. . 6. There are still many unanswered questions
roblem will be to adjust  h0ut inheritance. |

observations you’ll make next. You
the model so that it will.

iy

-

Before you make your observations, let’s review what the
two-bit model says. You will recall that it has four parts; .

KX -‘

. . Each individual has' two bits of information for each
feature. What the individual looks like depends upon
what those bits are. ' . .

. During reproduction, each parent passes on to its off-
spring one bit of information for each feature. This is 3
how the offspring gets its two' bits. : ' | B

3. Eachofa parent’s two bits for each feature has an equal  onTanT NOTE: " '

cl_lanc? of t.)cmg passed from P.a.mnt to OfTSpring. Teachrs who have a great deal of knowledg;e

4. If an individual receives two different bits of informax_ in genaetics may be temptedNo go deeply into

P YTory
[\ ]

tion for a feature, one bit may mask the other. - the subject with their studénis.—There are
. . . _ ) many inviting areas in this chapter. H_owe_ver.- "
’ \ ' this was not dqslgned to be a complete s
\ Okay’ here’s your first p_rOblcm- Good luck! ’ course in genetics. and we strongly recom-

Two pure-strain morning glory plants, one with red flowers  mend that you do net suceumb to the tempta-

and one with white flowers, - produce four offspring, all with,  ton )

pink flowers. ' -~ S ' 83

- 10.




Figure 7-1 Two of the offspring then produce four more offspring,.
(See Figure 7-1.) ‘

Don’t say you weren’t warned! You're probably shaking
your head by now and saying, “Where did those pink flowers
come from?” The two-bit model certainly doesn’t predict
them. .

Actually, with a very slight change, your model can explain
the morning glory case. Read through the four points of the
model very carefully until you figure out how you want to
change 1t. Remember, however, to keep the change as small
as possible, so that after it’s made, the model will still explain
the other situations you've studied.”

»

7-1. Somelimes masking does not occur, in-  [J7-1. Describe a change you can make in statement 4 on
stead, bits of information tend to blend page 83 that will allow the two-bit model to explain both
the bean data on page 59 and the morning glory data.

Encourage students to come up with a solu- . . . .
tion before gaing to Excursion 7-1. However, Well, did you figure out the morning glory problem? It’s *

oo exercise and will help expléinthe  actually quite a simple one. If you would like to find out
. ) ; whether your solution to the problem agrees with ours, turn
EXCURSIO \\’ " to Excursion 7-1, “Red, White, and Pink.” ‘That excursion
_ will also help if you've hit a stone wall with the problem,

but don’t give up until you've really tried.

Ready for another problem? Here goes!

Some people are born with a problem. Their hair is bound -
to fall out at some point in life. Experiments have shown -
that this tendency toward baldness is passed along from

84 CHAPTER 6 * parents. to offspring. Figure 7-2 shows the history of.a family
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in regard to baldness. On the diagram, circles stand for N
women and squares stand for men. Black circles and squares -
stand for bald people, arfd white ones stand for nonbald
pecople. :
Look over Figure 7-2 carefully. fry to use <the two-bit
- ~ model to explain what you see there. -
Because the baldness problem is a pretty tough one, you "
- “deserve a hint on how 10 solve it. Here's your hint: . : ,
In baldness, the bit of information that does the masking '
and the btt-that is masked sometilmes switch places. But by '
, a certain rule ut when the switch takes place, you can
make good predittions. ' -
. Can students see that thg pattern of baldness
R i - LT B R . » e e e (shading) only occurs in'the men (squares)?
: * : .

oa g%é ]

) 0r-a. Eiplain -hOW you could éhangc ‘the two-bit model . 7-2. Apparently the masking of one bit by
- = descnbed on page 83 to make it better able to explain Figure = another is linked to the sex of the individual.
' 172, R |
. 4
o For the moment, we’re not going to give you any more. . ~,
o ~ help with the baldness problem. When you think you have sf"._‘;;g‘.:;’e'-‘p;“‘ie“:"gg":,"’s;r”“-‘;'a':‘at':;scg‘r‘f:’h";
' a solution, talk it over with a classmate When you are pretty sex of the individual. '
_ sure that your solution works or you can’t get any farther,
E turn to Excursion 7-2, “Hair Heirs.” «That excursion will ~ :7&' 'S ,\‘I
T tell you whether you have a good answer or wnll help you. . ) '-,,
find out where you went wrong. -
2] - 4~ Palm readers, crystal -ball gazers, “and other fortune tcllcrs ' L o ‘
L* & < are often askedto prcdnct whether a woman will give birth: - CHAPTER 6 85
T ) 105 .

PN S BN L o gt B SRt i A N A, _— T
A S Rk L \- s ARt SREIEL SRl £y ‘..- rﬁf‘;@;’ A‘ 'aqv shad .""‘ﬁ:"—x. 62t
R T TIRRT TIPS R R AR k] IR A AL L



»

~,

E'xcurﬂn 7-3 13 an ennchment excursion that

presents the X-Y mechamsm for sex determi-

nation
EXLUEON

a

Exfursion 7-4 examines the sax-linked natge
of hemophiha It 1s for ennchmer chn.
tains much of general interesl Y .

| 1 EXCURSION

™ Excursion 7-5 18 tor enrichment It points up
the heredity-eaviconment nteractiop.  Be-

days will be needed to complate this acinity

EXCURSION!:

Enrichment Excursion 7-6 is based on a sim-
ple activity 1o illustrate protactive coloration

EXCURSION =

EXCURSION:

e

Excursion 7-7 i tor general use and is aimed
at giving tha student a teeiing for the simulla-
neous effects of inheritance and environment
on humans.

86 CHAPTER 6

L

cause tahacca plants.will be used. /11885110 ...
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to a boy or a girl. They would have a better thance of being
mght if they knew something about the sex of other members
of both families. Sex is an inherited feature, 100, as you can
find out by reading Excursion 7-3, “Boy or Girl.”

We could happily do without some of the features we
inherit. And none of us. be we kings or commoners, want
to take the blame for passing on such handicaps as color

blindness or blceder’s discase. To see how these are inherited,

do Excursion 7-4, “A Royé_l Problem.”

Do you suppose every difference between the appearance
of-some plants and animals and the appearance of others
of their own kind can be blamed on inheritance? Suppose

different-colored teaves. What besides inheritance might ex-
plain this difference? Take a look at Excursion 7-5, “I Won-
der Where the Color Went.”

What you look like usually depends on what your parents
look like! Features can be passed on from generation to
generation. But does this always happen? Let’s find out. Turn
td Excursion 7-6, ““One, Two, Pick-up Sticks.”

Are you as you age because of inheritance, or environment?
See Excursion 7-7§“Dg.Blondes Have More Fun?” for some
activities with this\ig€a. '

Well, that’s it. We hope that you can now give at least
g part of am answer to the question “Why are you you?”
The two-bit model can answer many questions about inherit-
ance, but as always, there are many more questions you
haven’t even asked. Where do featur ¢ from in the first
place? How does the offspring chdnge bj{s of information
from his parents into features? “How do such hazards as
atomic radiation, drugs, and pollution aﬂzec_l bits of informa-

tion? Can a person’y bits of information be changed, and -

if s0, how should (Hey be changed?
We opc_:ned th a question. We are closing with many
questions. That’s science.

Before going on, do Self-Evaluation 7 in your Record
Book. ,

<
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‘Excursions

.

Bo you like to take trips, to try something different, to see
" new things? Excursions can give you the chance. In many
ways they resemble chapters. Bui chapters carry the main
story line. Excursions are side trips. They may help you to
. 80 further, thoy. may ‘help-you -go-into different materiat-or -4 -
they may just be of ‘interest to you. And some excursions are
provided to help you understand difficult ideas. _
Whatever way you get there, after you finish an excursion,
you should retuen to your place in the text material and con-
tinue with your work. These short trips can be interesting
and different. ) '
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-~ EQUIPMENT LIST ' .
(All optionai*)

Male .frog
Microscope
MOchcopo slide

Cover slip
Sperm solution

More on Offsprin )

-*The prablem break on the 3econd page of the ' '
excursion calis for this optional equipment. Most . ’

schools will probably not have the lactlities for this

activity. : '

Male plants and animals, including the fruit flies that you
will use in this unit, make sperm_in their bodies. Female
plants and apimals produce epgs. A new ‘plant or animal
starts developing when a sperm from a male plant or ammal
combines with an egg from a female plant or animal of the
same type. The process of combining is called fertilization..
But since the sperm and the eggs are often in separate bodies
(a.boy and a girl, for example), how do the sperm and eggs
get together? Plants and animals have found similar ways -

to make this happen.' - . -0t

In flowering plants, the sperm are wrapped in a shell. The
shell with the sperm inside is called a pollen grain. Animals
“don’t wrap the sperm in a shell. Instead, sperm swim freely
in a fluid. -

In plants, pollen grains containing sperm reach the female
parts of the flower in many ways: Sometimes the grains are
carried by the wind or by insects. Sometimgs the grains just
fall from the male part of a flower onto the female part of
the Aower. But because plants depend upon such things as
the winds and insects to spread pollen, fertilization in plants,
often secms very unlikely. The same thing is true for some _
animals. For example, many.male fish Just put their sperm
. into the water. Then fertilization will ocour only if these

“sperm find the eggs that a female fish has dn pped elsewhere -

into the water, _ _ T | .

Many plants and animals have developed!ways to increase ,

the chance that their eggs will be fertilized. Most living things .
, -produce millions moYe sperm than eggs. Since it takes only
one sperm to fertilize an egg, this means that fertilization
happens quite often. Also, some plants produce odors or
bright colors that attract insects. These insects pick up pollen

from one flower and carry it to the next one they visit. Pollen -
'grain‘s from the first flower fall from the insect onto the
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PURPOSE

To develop minimal understanding of the
process of reproduction. and answer the
questions posed in the chackup in Chagtor 1.

~

- Excursion 1-1 .

-

MAJOR POINTS

1. Male plants and animals make sperm, and
female plants and animals make eggs, in their
bodies.

2. The combining of sperm and egy is calf¥d
fertllization.

J. various methods are used in plants and
animals to bring the sperm and egg together.
4, Although there are usually thousands of
sperm. only one can fertilize an egg.

5. The process of depositing sperm is called
mating.

H

RRRISE o e BRI AL AR £ o g o o SVONGAD BT LA gt B s Bl s o xh e
S %%“ AL PR S H AT W £ s '7*' ‘ - ‘ SR S s iy "" Rajaid
Mt ST . Ay - B L R AR

This exéurslon is rem&iial for some students
but general for most. '
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To make a sperm splution (suspension). yau
will need dissogling tools. pond water. petri
dishes. and medicing droppers, 1n addition to
the materinis listed at the beginring of the
excursion The technique can be found in a
biology laboratory guide or teacher’'s manual
The thature male frog must be pithed and the
testes dissected out Sperm will remamn active
foraboulﬁ hours..s0 the procadure will have
to' be repeated (new male frog) each day.
Depression slides will work better than plain

slides. Polten grain
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female part of the second flower. Many male animals put
their sperm close to the egg by putting the sperm into the
body of the female. The process of depositing sperm is called
ma!mg

PROBLEM BREAK: FROG SPERM

Ql\éck ,With your teacher to find out if male frogs and a
microscope are available. If so, he will prepare a sperm
solution for you. Place a drop of the sperm solution on a
microscope slide and cover with a cover slip (have your
teacher show you the proper use of a microscope first). Then
place the slide under the microscope and study it under high
power.

(J1. What enables the frog sperm to move?

In this unit, the term cross will be used many times. For
instance, you will soon be asked to cross two different kinds
of fruit flies. . This means that you are to let certain male
flies mate with certain female flies. During this mating, the
sperm from one kind of male fly will unite with eggs from
another kind of female fly.

What happens. after the sperm is put near the egg? In
plants, a short time after the pollen grain lands on a female
part of the plant (this is called the pisril), a tube grows from
the pollen grain down into the thick base of the plant. This
is called the ovary and contains the eggs. Afier growth the
pollen tube reaches and touches the eggs in the ovary, and
fertilization takes place (see Figure 1). Then the fertilized
egg begins to grow into a new plant. ,

"When animals mate, the male puts his sperm into a tube
inside the female. This tube leads to the eggs. Figure 2
diagrams how this happens in the fruit fly that you will be
working with. '

Once the sperm is inside the female fruit fly, it moves up
the tube until it locates an egg. Then fertilization .occurs.
Although the male may put thousands of sperm cells into
the female, only one. sperm cell can fertilize each egg. After

% e fertilized eggs have developed for a short time, the female

lays them. The egg then hatches, and the new. fly goes
through several stages before it becomes an adult. In some
animals the female keeps the fertilized egg in her body to
develop. She then gives birth to a fully developed baby.
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EQUIPMENTY

None

Writing Operational
Deﬂnitlons

.
This Is a remedial-review excursion.

You are doing this excursion because you need to know how

. to write an opcrauonal definition of pure strain.
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“how to measureit, |

Operatjon is the key word to understand. It means action
or activity. An operational deﬁmnon tells what operations, or
actions, you, do to identify or measure the thing being de-
scnbcd In other words, it describes what you must do to
tell if you have the thing being described or to tell how much
of it you hdvg. If, aflcr readmg a”definition of something,
you know wha to enufy the thmg being defined or
at definition is an operational one.

|
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For example: “To measure body temperature, you should:

¢ '

1. put a clinical thermomcte[ under your tongue;

2. leave the thermometer in place for at least two mmutés;
and " \

3. record the level of the mercury c&umn in "degrees.”

As soon as you have read the definition abgve, you know
exactly how to measuré body temperature. Thus, the definiy
tion is an operational definition. - :

How about this one?

" “A tree is a large woody p]ant under which a per%on can

find a sh&dy place to rest.”

This definition of a tree is not an opcrauonal definition.
It does nof list the things you must do in order to identify
a t(ee And it certamly doesn’t tell you how to measure one.

PURPOSE

To review the concept of operglional datini- =~ 7~
tions and afford practice in making them.

Excursion 1-2

——

a6 J

~eew

MAJOR POINT

" An operational definition telis what operations

or aclions you do to identify or measure the
thing being described.

.
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’
2. Neither a nor ¢ télils how tc measure the
things being described. Defimhion a could be
called a functional detinition; it tells what a
hammer does. ' \
Detinition ¢ could be called a descriptive defi-
nition. .
3a. Weight is the force measyred in newtons
when a body hangs vertically from a force
measurer,
b. Force is something, thet causes change in
-motion or shape of a body and is measured
in newtons.
c. Pure strain is a strain with & teatore that
shows no variation over several generations.

\
>

92 EXCURSION 1-2
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(31. Here 1s a hst of definitions. Write in ygur Record Book
the letters of those that you think are operational definitions.

a. A hammer is something used to drive a nail.

b. To find the length of something, you place a ruler next
to 1t with the number zero opposite one end and read
the number that the other end of the ruler lines up

- *l
with.
€. An expenimental variable is anything that cap ‘be
changed during an experiment. v .

d. To find out how much rime passes, 'you look at the
hands of a clock twice and determine how far the hands
have moved. ) - ’ _

e. Handednessis determined by finding out which hand can
cross out the most zeros in thirty seconds.

. Work is the product of the_ force in newtons exerted
on an object and the distance in centiimeters through

which the force acts. .

You did well if you wrote letters b,-d, e, and _'._If you
did not list these, you had better go back and reread this"
excursion.

(J2. Explain why a and ¢ above are not operational defini®
tions. -

' (0J3. Give an operational definition for the- following words.

a. weight
b. force -
C. pure strain
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EQUIPMENT PURPOSE
None | . » To show that the life cycle of tha fruit fly Ts - ™
. ) . highly dependent upon temperature
. _ ) .

Temperaturé . ~ Excursion. 1-3 '
and Life Cycle \ o |

MAJOR POINTS ’

X This Qxcural?‘n is genera! in nature . 1. Frult flies have many advantages for use , .
B s I LpE—. .-....\- e et wo e e R = —-/&-- P . ‘n 'he stUdy of heredny\ .

. - i . ( ) 2. The lite cycle of the truit fly is dependent

. / . ‘ . on temperature.
Since 1909, the common fruit fly has been widely used t0 3. Above or below certain temperatures, the

' study th,é way features are passed from parents to offspring, ~ °rganism does not survive. -
“ Scientists have learned more about the laws of heredity from '
working with ‘this tiny insect than from working with any ° ‘ o

T

other g‘nirhhl., . .

The fruit fly is ideal for studying héredity because:

'L It takes 10 to 20 days to grow from an egg to an adult . ’
. fly. _ ‘ _ ’
| ‘ 2. Its small size makes it easy to keep alive, to handle, _ L
and to store. N | !
ot 3. Fruit flies have features that are epsy to observe.
- . 4 One pair of parent flies can produce hundreds of off- :
. spring. |

S There are disadvantages to the use of fruit flies, 100. One ;
i - is that changes in temperature affect how long it takes a fruit :
! fly to grow from an egg to an adult. . , 93
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Here ts an experiment that was done by one student. Joyce -
obtained 80 offsprinp from the same set of parents. She then
placed 10 of the flics in each of eight vials of food. The vials
were kept at eight different temperatures. Here are her data.

: - i v : )
1. The student should conclude that the op-  []1. Discuss the results of the expeniment and write your .
timum temperature for the shorlest te cycie ~aneliy e :
ts B0-85 F_In practice, the maximum tempar- conclusions in your Record Book.
ature ts usually held to 80°F. _
- . Table 1 .
»
» "
{ Length of Life-Cycle Stages (in Days)
: ) . Vial Fahrenheit Temp. Larva Pupa Adult
o} 3 ! 500 - . .
3N . . c
. & 2 60° *e (X e
. 3 65° 8-18 18-35 35-40
. < . 70° 7-16, 16-21 21-26
5 75° 6-15 15-20 | 20-26
. 6 ' 80° 4-8 8-14 - 14-20
’ 7 85° 3-7 7-13 13-17 ’
. ' T
. 'r 8 90‘ - L X LX) N
**Flies did not survive ' :
. k - . . : K
. Y - :
4 . < A teacher note in Chilpter 1 referred to the
. ’ details of this excursion. Although the data in ‘_
. . : . Table 1 are presented as coming from a stu-
\ . dent, they are-reliable fo¥ your use as a guide. . . .
. The table shows that the flies did not survive N RN
above 85°F, Actually, this is bacause the .
males become sterile, and reproduction no
longer occurs in the culttres.
k 5
._\..' N ‘ ‘
_:'I-‘. . . . ¢ ~
CURSION
. o4 EXCURSION 1-3 '
i ‘ to o L7
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EQUIPMENT

None

A Pyramid .
~of Grandparents -

This I3 an enrichment excursion.

By this time you should realize that the two-bit model is a
very good one. With it, you .were able to explain the way
many features are passed from parents to offspring®All you
had to do was assume that each parent passes one bit of
information for each of his features to his offspring. But from

where did the parent get his bits? That’s what this excursion

PURPOSE -

To show how a geometric progression of off-
spring In succeeding generations can result
in & popuylation explpsion, using fruit flies as
an example and applying it to the world's
human population.

~ Exéursion 1-4

* MAJOR POINTS

1. Working back through successive penera-
tions, the number of ancestors’ doubles in

. eagh generation.

2. Each separate pyramid of ancestors might
be related to any other pyramid.

3. The world population is increasing at a
staggering rate.

4. The ancestors that contribute to & specific
genetic trait are determined by chance.

- - ~
.is all abopt.

Take a look at Figure 1. The figure traces one of your
fruit flies back five generations. Figure 1

: . ) - Number

Genertion Mother's side J Father's side gé?\gﬁfﬁ'on
[ V 1.
——t - | I
! ;
Parents 5 I N 2

Grandparents 4 A ' 4

. Great- ' / ’
grandparents > ?/ ) ]

' ¢

. — | .
Great-great- - /7 / !
grandpnmnts “ “ :“

. ] :[\
great-great- 4 i _
grandparents - E“ ¥

~% re coume
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The answer to question 4 is No. Therefore, the
important answer to question 5 is Chance.
Potentially any of the 32 ancestors could have

- contributed. -

. &

6. About 90 years ago (in the 1880's)

7. None of them; yob would have to go back

iwo more generations (groat-groat—great-‘"'-~

great-great-grandparents) to have them alive
then. There could have been 128 of ‘them.
Your groat-greut-grout-grandparents were

-pot born until around 1830.

8. Pure chance .

98 EXCURSION 1-4
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(1. How many great-great- grcul grandparcnts (hrst genera-
tion) did your- frungﬂy have? -

(2. Altogether, how many ancestors did your fly have over
all the generations shown? '

(_]J3. Suppose an earlier generation were drawn on Figige 1.
How many great-great-great-great-grandparents would be
shown?
LA

Well, clearly your imaginary fruit fly had a lot of ancestors.
With this in mind, let’s return to the,('qucslion with which
this excursion started—where do bits' of information come
from? Try to analyze where each individual in the pyramnd

of Figure 1 got his bits of mformanon
)

i

(J4. Taking ‘one trait such x:f eye color, did every ancestor
in Figure 1 contribute bits of information toxhe eye co'lor of

your fly?

5. If your answer to question 4 is No, what determined
which of the ancestors did contribute? ¢ -

The pyramid idea can be applied‘to 'most plants and ani-
mals, including humans. In fact, you can use it to make some
interesting calculations about your own ancestors. Before you
try, however, you should know that, on the average, chil-
dren’s birth dates are twenty-five years after the blrth dates
of their parents. ' '

£

3

(8. Using the twcnty-ﬁ’vc-ycar figure_and your own birth
date, about when were your great-grandparents born?

[;1_7 Using the twenty-five-year figure, how many of ydur
great-great-great-grandparents were alive when George
Washmgton was President, (1789-1797)?

(8.  What determined whcthcr or not you 'r'cccivcd one or
more bits of mformanon from one of your great-great-
grandparents?

The pyramid idea looky rather simple s0 far. But suppose
one of your great-great-great-grandparents had a sister who

in turn produced. offspring and became the great-

11y
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groat-great-grandparent of gomeone living today. That
great-great-great-grandparent would become part of another,
separate pyramid. Even so, that other pyramid would be
* related to yours. In fact, that boy or girl could be in your
classroom today. Could this be what is meant by the
“brotherhood of man™? |

}

- Let’s look at the problem *Where do bits of information
come from?” in another way. This time we’ll try to find
out what has been happening to the world’s population over
a periad of time. Figure 2 gives the data you need.

9. Is the World’s_population going up, or down, through
~the years? :

(J10. What 1y happcn\ing over a peniod of time to the rate
at which the population is changing?

Figure 2 points up something rather interesting, If you bad
continued the chart downward, it would have come to a
point. According to this reasoning, everyorie has the same
ancestors.

Figure 2
G e _ .«

Year World poputation (in miitions)

*

THE
“UPSIDE-DOWN
PYRAMID"

1970 " 3500

1900 ‘ 1.500 -

1800 : 1,000

YR 1700 : : 600

1000 . ' 400

1500 380

Eﬁ?. Assum'i_ng'_that everyone on the earth has the same
antestors, what is your explanation for why everyone has
ended up with different bits of information? '

4
EXCURSION 1-4

11, The student cannot be expected to know  that there had besn some changes in the
- about mutations, new genetic information, various genetic information that was passed

etc. He might cbme up with the explanation  on.

B § 1)
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You might be 4nterested to know that the world’s popula-
tion went from about 86 million in 6000 ‘.. to about 350
- million in A.p. 1500. This was an increagé of roughly 264

million in 7,500 years. Experts now believe the world's popu-

lation will double between now and the year 2000. This

would be a rise of 3,200 million in only 35 years. This is

L 4 what the “population explosion” is all about. Many people
o *are worried about how we will feed and clothe sb many

4

people. - _ r .

(312. What is your guess as to why the population is incr&us— "
ing so much faster now than it was earlier?

+ 1f you'd like to know more about this and related topics,
read Early Man, by F. Clark Howell, in the Life Nature
Library (New York: Time-Life Books, 1965). ~

Now let’s compare the two ideas you’ve tbeen thinking
about. Take another look at Figures 1 and 2. Figure 1 shows
that the number of ancestors from which you might have

- gotten bits of information gets larger and larger as you go
back in time. Figure 2, on the other hand, shows that the
world’s population gets smaller ‘and smaller as you go back
in time and suggests that we all came from the same ancestor.

-

PROBLEM BREAK 1

How can these two models be fitted together? How can
the number of everybody’s ancestors get larger as you go
back in time, while the population gets smaller? That’s your

: ‘ . problem now. Think this problem through carefully (it’s not
- - casy); then in your Record Book, describe how you think
- the models fit together. Feel free to discuss the problem with
o _ \ your classmates, your parents, or anyone else. Good luck!

Several clues, such as commonality of ances-

tors ‘and interrelationship of pyramids, have

been giver to the student in the excyrsion, to \
hefp him with this problem break: .

*

" 98 EXCURSION 1-4
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BEQUIPMENT
None

Ratio Simplified

e o aee - wThisle-a remedial excursion. v
)

.
-

A ratio is simply a way of comparing two numbers. For

cxample, a ratio may tell you how often one thing happens

as compared with another. Here’s how you set up and use
: ratios.

- 45

Ex&mple { 'Suppose you look at 50 cars in a parking lot,
and you notice that 5 cars are red and 45 cars are not red.

lot? .
« L 5
Arrange your data: B
) Nonred Red
Number of Cars 45 | 5"
. e

To arrive at the simplest ratio, divide both Humbers by the
| smaller of the two numbery, In this case, the smaller number
- _ is S. '

9 L
Dividing:  5)45  5)5
Ratio = 9 nonred cars to | red car
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What is the ratio of red cars to nonred cars in that parking ~

k’ ) -
PURPOSE

To help students understand the concept of
ratio. and to show them how to reduce a:ratio
to smallest numbers, and how to round oft
ratios.

Excursion 2-1

MAJOR POINTS

1. A ratio is a simple way of comparing two
numbers.

2. To arrive at the simplest ratio. divide both
numbers by the smaller number.

3. Numbers are sometimes rounded off to the
‘nearest whole numper.




The ratio tells you that there were nine times as many
nonred cars as there were red cars. By ifself, the ratio does
not tell you how many cars you looked at in the first place.
, (You looked at 50 cars—not 10.) ‘
; . Example 2 Suppose 28:men, 13 women, and 10 children
are waiing in line to get into a ball game. What is the ratio
of men to women to children?

Arrange your daita: e

»*
- : Men Women. . Children ' . 7

e

Number Waiting 28 13 10°

-

;
‘ . '7 ;w,g.;v =
l
I

Divide all numbers by the smallest number, that is, 10.

} .
2.8 1.3 1 ~

Dividing:  10)280  10)13.0  10)10. -
20 10 ‘
80 : 30 - ®
Ratio = 2.8 men to 1.3 women to 1 child

. . Usually, but not always, a ratio includes whole numbers.
’ _ \ One way to. s:mphfy a.ratio is to round it. For instance, the
’ N number 2.8 in the last example is nearer to 3 than to 2. You
could round 2.8 to the number 3. Since the number 1.3 is
nearer 40 1 than to 2, it can be rounded to 1. The general

_ rule in rounding is to use the higher whole number if the W

- fraction is 0.5 or higher and to use the lower whole number
if the fraction is 0.4 or lower. o , ' -

- _. In whole numbers, the ratio shown in the last examplc
| - 2.8 men to 1.3 women to 1 child, | - .

: ' " ~ could :/Junded to - e

o ‘ 3 mer( to | woman to 1 child. S |

' Itis 1mportan§to write a rounded ratio in the same order .
‘in which whatever it represents is stated. Otherwise, thc ©

1 meaning of the ratib.will be changed. Notice, for example, -

_ what would have happened if you had written the rounded

o ' , _ _Tatio as 1 40 3 10 1 instead of 3 to 1 to 1. You might have

" bécome confused and assumed that therc were more women
100 EXCURSION 2-1 than men.
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Now here’s a problem for you to solve.
o

(J1. Suppose you had 20 brown disks and 10 colorless disks.
What is the ratio of brown disks to colorless disks?

- Check your answer to question | against the one given
at the end of this excursion. If your answer was -nght, ga
on to questions 2, 3, and 4. If you were wrong, go back
through the first two examples again before continuing,

I THINK 0
J C

02. Suppose there are 600"boys and 400 gnrls in a school
What is the rounded rhtio of boys to glrls?

3. Waiting in line to buy theater (ickets are 58 children
and 11 adults. What is the rounded ratio of chlldre,n 10
adults? R B -

.

DQ A'smal.l package contains 12 red, 8 yellow, 5 .oran'gc,

‘and .3 green candies. What is the rounded ratio of red to

yellow to orange to green candies?

™
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2. Note that Tt the foregoing rule of dividing

by the smhller Of the two numbers is used, the

rounded ratio would be 2 to 1. In this particu-
lar case, however, better judgement tells us
fo divide both numbers by the highest com-
mon factor (200) The rounded ratio thus be-
comes 3 to 2.
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Once again, check your answers with those at the end of
this excursion. If you got any of the problems wrong, review
your work or the first part of this excursion.
When you are sure you know how io simplify a ratio, you
are ready 1o go back to Chapter 2 and work out the ratios )
- there. Remember: any ratio must be written in the same order
that the groups are listed. Also. keep in mind that a ratio
[ : does not tell you the actual number of times things occur.
- It 1s simply a way of comparing numbers.
B Answers
— 1. 2 brown to 1 colorless
2. Either 1.5 boys to 1 girl or 3 boys to 2 girls
. 3. 5 children to 1 adult
: g 4. 4 red to 3 yellow to 2 orange to 1 green
~ ’ , ,
‘ ~
- -
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EQUIPMENT LIST
2 difterent coins

Don’t Flilp over This

This is an enrichment excursion.
y

‘\

In your experiment, you've been runqping into a 3-to-1 ratio
over dnd over. In beans. for example, you found that brown
seeds showed up in the second crop three times as often as
white beans. But why does the 3-to-1 ratio appear instead of
some -other ratio” .

Even though the 3-to-1 ratjo continues to appear, would
you believe that it happens by chance? Let’s take a look and
see what we mean by chance or probability—the likélihood
that an event might occur, : R

Change is commonly written as a fraction between 0 a
1. For instance, if something can happen two ways, like t
flipping of a coin, the chance is 4 for heads and § Tor tails.
You can state the probability in a numbé} of ways.

What is the chance of flipping heads on a coin?

' ol :
é B a :
lto 2 Al these res onses a ct %
50-50 [ P § correct.

50%

q 2

.ff\somcthing can ne

ver happen, like rolling a seven on

a die (that’s one of a

pair of dice), the chance is §. If it always

happens,, like flipping heads on a two-headed “coin, the

chance is {.

Y
(4)
I S

PURPQOSE

To glve additional support. through mathe-
matics, to the two-bit mode! for inheritance. * :

-

\

Excursion 4-1

s

MAJOR POINTS

1. In flipping coins, each flip is an inde-
pendent random event.

2. In flipping two ¢oins simultaneously, the+
results are equal to the products of their inde- l
pendent svents.

3. The exercise in coin flipping can be ap-
plied to help explain the inheri@ance pattern t
in two generations of bean seeds.

-
Al ew

-4
NS e

103




-7, u“\:‘. ',m,\“ 0’"‘-’ &Ml'\“"". CERGL AL Lepie ©F 5 A

B
"

e B aem e e Y ke Rl opRedeana % begn g e et sree oy e -

. 3 -__:nu-. o

- You may have to loan some coins for the Instead of using only one coin, suppose you were (o toss -

activity. Keep track of them. Two pennies can t N . e o :
b _l. ‘ ) e r < 13
e used by marking both sides of one of the vo comns at the same tme. Let's .de )’Oll have a nickel and

with a grease pencil. One could then repre- & dime. Both coins might come up heads. both might be tails,
ment the nickel and the other one the dime oy one -might be heads while the other is tails (Figure 1),

+  Heads-heads Heads-tails ) Talls-1alls

Toss 2 coins-at least 60 times and record the combmatlons
that appear in Table | in your Record Book. |

Table 1
a \-' Fr:r«:-uvmruvw&ﬂ'ﬂtk"}w“w— *--'v-'w»vwgfl.-—m ot o .,‘.- R R N e h‘_:‘:’\c"_n\l
;§ . Possible ' -
¥ Combinations
i Results from
. Nickel Dime 60 Tosses ™ )
v i ] .
{ Hecads Heads o \
] N T .
- g Heads  Tails - ) .
' ‘ . . Tails Hcad§ { }
3 A ) .
. y Thails Tails :
“ Out of 60 tosses, the &tudent should have : : ‘
. approkimately 15 for each of the 4 possi- . : . . ' :
b‘“"” e L faddio iy ke ._»»a;.b- N T T I, Vs debirae $M 5 BV emarue ek tu raete r-n.)p;-h.m‘“

N

_ Look back at Figure 1. You will note that there are four
j . combinations possible when you flip two coins at the same

- time. Thus, your chance of coming up with the four combi-
7 . nations are these:

- - Heads-heads —} orlto4
: ; ' Heads-tails —}, orlto4 '
°. Tails-heads —4, or 1 to 4
104 . EXCURSION 4-1 Tails-tails =~ =~ —}orlto4
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1. How did your data from the flipping of the two coins
come out? Out of 60 tosses, did you get about 15 for each
of the four combinations (§§ = 1)?

\Porhaps you are wondering why the pattern of } appears

Tor each of the four combinations. Remember that for t0ssés

of coins the probability of heads turning up is §. The proba-
bility of tails turning up is, naturally, also 4.
What are the chances when two coins are tossed at the

same time? Figure 2 illustrates the answer. Remember, we

aren’t interested in what two coins are used. We just want
to know whether they come up heads or tails.

Figure 2
: H T
\l
L (¥4) Heads (%) Talls
(V2) Heads L (Ya) HH {Ya) HT
e :
(Va) Tails (Ya) HT (Va)TT

You can apply what you have just done with coins to/the
bean seeds. In your bean experiment, you began with a
pure-strain brown-bean parent and a pure-strain white-bean
parent. Using a chart, you can cross the bean parents and
find the probability of the first-generation offspring. Com-
plete Figure 3 in your Record Book.

mun 3 Pure-strain
white-bean
(") b parent (%) b
Pure-strain (¥2)B
brown-bean -
parent _
()8

1. Answers will vary Most students will never
Qet 15 for each combination. When the ratios
dre rounded out, howaver, most ot them will

be |.
2
BACK TO )
THE BEA%;\
Q.
105
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of the first-generation offspring. , / .
o Figure 4 .
o First-generation offspring : "
Figure 4. Studenta may have difficulty with
this charl, but it is the important “payoft” in
the excursion. You may haveajb_exp!aln to
some that a tirst-generation be#in is Bb, which
~-—ls made up of 4B and {b. When these are put - Firstgeneration B )
across _the top and on the left side of the oftspring
chart, the crosses result in |BB, |Bb, {Bb, and
{bb. Q i
(3. What were the ratios of your second-generation off-
spring? -
Now what would be the appearance of each of these bean
seeds? BB would obviously be brown.
. h
(J4. What would Bb seeds look like? .
()5. And bb seeds would be what color?
{

(J2. What were the ratios of your first-generation offspring?
Using the chart in Figure 4 in your Record Book, cross two

(J6. All in all, how many brown seeds would you have for
every white one? )

{

".Now do you see why the 3-to-1 ratio keeps popping up?

Y
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EQUIPMENT LIST
1 1BM punched card

A Bit More About Bits

This exqursion wil be enrichment for some
students and general for others. Excursion :
6-2 18 keyed to this excursion.

Gregor Mendel deserves a lot of credit. For seven years
(1857-1864) he experimented with peas in a quiet monastery
+ garden in Czechoslovakia, only to have his efforts ignored.
In fact, the imporffance of his work was not recognized until
1900, sixteen yéars after his death. His work led to the model

: ' #r “bits of information,” the madel you've been using.
Mendel tried to follow what happenéd to seven features
as pea plants reproduced themsefves. The features were seed
shape, seed color, seed-coat-color, pod shape, pod color,
N flower type, and stem length. He crossed pure-strain plants
and second-crop offsPring. Figure 1 shows the results of his

experiment.

From his data Mendel drew two conclusions:

I. Two identical pure-strain parents always produce
pure-strain offspring like themselves.

2. When two different kinds of pure-strain parents are

crossed, the first-crop offspring all look like one of the

parents. If first-crop offspring are crossed, three fourths

' of the second-crop offspring will look like one of the

original parents (from | above). One fourth will look

lik_e the other original parent.

Mcndel developed a model to explain the results of his
experiments. This model was almést_exactly like the two-bit
model you’ve been using except that he used the term factor
instead of bir of information. Mendel wrote an article about
- his discof®ry which was filed away in libraries. Almost fony

years later;other scientists made the discovery of “bits,” and
these men were led back to Mendel's article.. Mendel had

“basic assumption that “factors” determine the inheritance of
features. :

for these features and then studied the features of the first-

been at least forty years ahead of his time in making the -

PURPQOSE

To present the historical basis of Mandel's
work in developing the two-bit model, and 10
apply his findings to tfe modern idea of genes
and chromosomes.

Excuréior] 6-1

. MAJOR POINTS

-1. Mendel drew two conclusions from his

many experiments with pea plants. From

these conclusions he developed a two-bit

mode! for genetic inhetitance.

2. Mendei's success was due to .

(a) his use of the systems approach in study-
ing one teature at a time;

(b) his application of mathematics: and

(c) his development of a scientific model to
explain his obsorvatlons

3. Chromosomes found in the nucléus are

passed from cell to cell like Mendel's factors -

ar bits. .

4, Bits of information called genes are found

on the chromosomas.

8. Genes saem to be made of a chomlcal

cailed DNA, 107 .

8. As more Information is gathered about ge-

‘netic lnhomnnco tho model is improved.
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Wonbol's results with two generations of garden peas
rd
Y L s

Features selected
for cross

)

Flrs} crop 7 Rounded ratio

Second crop

{

5.474 round seeds
1.850 wrinkled seeds

Bt 3fo1
7.324 total

\

6,022 yellow seads
2,001 green seods

8,003 total

il

Jtot

1{1’_ 014
705 gray seed coats
224 white seed coats

Y
Acay i uellaag 929 total

-“3 to 1,

J T ] v \
882 inflated pods .
224 wrinkled pods 3101

ta!
ydlow | 08 e

N APS

4'28 green pods
152 yellow pods

580 total.

Jto1
QAreen]

651 axial flowers
207 terminal flowers

,853 tota! T

[ 3tot

277 short stems
1,064_ total

3 tc-)\t \-

& MR
ﬁ 787 long stems 3

Figure 1

The student should probably appreciate the
importance of a large number of trials Only
then can a clear and consistent pattern be
discerned In the rounded ratio.

108 - EXCURSION 6-1

Mendel’s early success where others had failed ‘was due "
to several things. First, he used a “systems” approach. He
,studied only one feature at a time: Second, he applied his
knowledge of mathematics to his study. Third, he built a _
model to account for what he saw. This whole approach
might be thought of as “if-then” reasoning. His.thinking was,
“If I assume these things to be true, then I can predict what °
I see.” : B t '

Since Mendel’s time, other scientists have been trying -
actually to see‘the bits of information. Their studies have
added much to the two-bit-model. - .

Well before 1900, the- discovery of what are called cells”
‘had been made. It was learned that virtually all living things
are made up of the tiny dell§ that can be easily seen under

. .
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a microscope. When cells are viewed through a high-powered
microscope, many smaller parts can be seen. One of these
parts is called the nucleus.

T S R ——— B i TrTrap— S -

Chromosomes

If S'oil were to magnify the nucleus many times, you could

see some strands in it that resemble pieces of thread. These

.- ' are chrémosomes.. An American scientist, Walter S. Sutton,

' was the first to notice that chromosomes are passed from cell
to cell as Mendel’s “bits of information” are passed from
parent to offspring. Still later, it was suggested that the bits
of information were located on the chromosomes much like
beads on a string. Although this idea has been changed a
little since then, we still believe bits of information are in
some way attached to chromosomes as they are passed from
parent to offspring.

Scientists soon began to call Mendel’s “factors” genes. The ~ Don't try for the full-blown treatment on

. word “genes” is short for generic units. Whether we call the' 3?33:5.;'8?’323?,"&"3, ‘;’,“"mﬁ'mé 1 wou

factors bits, units, or genes, the model still works for explain-  vanced students, and wbuld cloud the main

ing and predicting the way features are passed from parent ~ POIMts.of the two-bit model.

16 offspring. .

To see if you have understood this excursion, try to use

- o -your informatjon about the ninsect you’ve been studying.

2 . 1]
. A chromosome .
. Bits of information, or genes

1. How gy bits are needed for each feature t_)f a ninsect?
N [)2. What d

es each hinsect card represent?

AdWN -

- . 8

{ . _ .

e [13. What do the holes in the cards represent? - 18 -

PR - : :

4 i . . . ’ . H

(J4. How many bits (genes) are there on one ninsect chro- . s - \

- . _ mosome? . - 1 ' S : v
3 . é - .
o S T 18, How 'mianty bits (genes) are needed to make —on? com-

r

plete fiinsect? . - EXCURSION 6-1 109

14

-



e 2
7. On the chramosome
8. Each set comes from a parent.

v
1-¥
[( X)
I\
® -
Y
70 )
J\f“
Z
)
~ A
) 110 EXCURSION 6-1

.

_._of genes found?

(06. How many chromosomes are nceded to create one
ninscct?

(J7. The ninsect inherits a set of genes. On what are the set

[)8. Every animal and plant has two sets of genes for each
feature. In the ninsect, where does each set of gencs come
from? o

A more recent idea has replaced the “string of beads”
chromosome model. Experiments showed that Mendel’s bits,
the genes, are perhaps made of a chemital called DNA. Two
scientists, James D. Watson and F. H. C. Crick, made a DNA
model which looked like a ladder that had been twisted
several times. This model keeps changing to fit new informa-
“tion but, at the same time, keeps enough old features to
explain what is already known. Through this building and
improving of the model, our picture of a gene will surely
be different in fifty years.

PROBLEM BREAK 1

Several books tell more about the ideas discussed in this
excursion. One that offers pictures of ¢chromosomes and
drawings of DNA is Evolution, by Ruth Moore, in the Life
Nature Library (New York: Time-Life Books, 1962). An-
other book of-interest, written by Carlecn'Malcy Hutchins
and titled Life’s Key—DNA, (New York: Coward-McCann,
1961) offers a detailed discussion of the relation of DNA to

-Jife. Use books like these to add to your understanding of
why you’re you. '

-
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EQUIPMENT “
None

e e e o i e e e

Peas Again,

This is an enrichment excursion.

He found that the bit of informatio
the bit for green seeds. Figure 1

- ‘green seed. -

e e e e

But __Doub_le Trouble

. If you did Excursion 6- 1, you know that much of our under-
| - standing of inheritance is based upon the work of Gregor -
‘Mendel. One of the factors Mendel studied was seed color.

n for yellow seeds masked
reviews crosses between

yellow and green peas so that you can see the way these
features are passed. The letters und

) bits of information. Y stahds for yellow seed and y stands for

er the drawings stand for

Pure-strain,
yellow-seed
parent plant

f -

|
Yy
Yy
First-orop offspring plant

i - ' " x.

Yy

IS

e QOQ

) - YY Yy Yy yy

! ' «  First crop o Al offspring have yellow seeds.

.

Pure-strain,
green-seed
parent plant

Yy

First-crop offspring plant

Yy

Three yeliow seeds
“to ong green seed

Excursion 6-2

PURPOSE

To show the methoq for tracing two factors
of inheritance simultaneously, and to allow an

opportunity to apply the method in another
situation.

MAJOR POINTS

1. When two parents, each & pure strain for
two different teatures, are crossed, the ftirst-
generation offspring will show the same pat-
tern of inheritance that would have otcurred
It each tdature had been taken separately.
2. When two first-generation offspring with
two different teatures are ‘crossed, there are
18 ways that the bity can combine.

3. Considering the two teaturss together, the
appearance of the second generation off-
spring will be in a ratio of 9:3:3:1.

4. The pattern of inheritance for each sepa-
rate teature in the second generation will be
the same as if the feature had been studied
separately (3:1).

Figure 1




3

\

Figure 2

Mendel also found ‘these inheritance patterns in studying
pea seed texture. He found the bit of information for smooth
sced masked the bit of information for wrinkled seed. Fig-

ure 2 reviews the crosses between smooth-skin pea seeds and
wrinkled-skin pea seeds. ‘

Pure-strain. smooth- ’ : Pure-strain, wrinkled-

seed parent piant @ e seed paremt plant
X
: Ss 1/ ss

First crop e All offspring have smooth skin.

Ss

First-crop oftspring First-crop offspring

o ©

Ss Ss

) .
Three seeds have
Second crop smooth skin and one
SS Ss Ss  ss

seed has wrinkled skin.

You are about to learn how to predict the inheritance
pattern for rwo features at a time! Here is your problem.

Pure-strain, smooth and Pure-strain, wrinkled and
yellow seeds green seeds

P o

First crop All offspring have smooth

skin and yellow seeds.
_ SsYy .

AJ

B

- o o ° ' . -. ) . ‘ ’ . l\ ’_’-l..r . L
SESMR Sh 7 et Nl Put e e




If you do not see how SsYy appeared, look back to the
first-crop offspring in Figures | and 2. )

:_’-?be' the rauo of the second-crop offspring? Table 1, which is

- similar-to-Figure 2-tnExcursion 4=, showsyou how to predict
the results of this cross. Complete the table in your Record

Book by filling in each square like the examples that are

Now, if you cross two of the first-crop offspring, what will -

You may have to remind the students that in

summarizing Table 1 for
masks wrinkled and yellow masks green.
Therefore SSYY, SsYy. 3SYy, and SsYY are
all smooth, yellow-seeded plants Likewise,.
SSyy and Ssyy are ail smooth, green-seeded.
8sYY and ssYy are all
seeded. There will only be one ssyy, wrinkled,

green-sseded.

given:
- r“, -y T ~ aha -y oy ma war - o mega e e s e .. .-.qw-mv-“‘w-y_.
LY
t Possible Bits of Information
. from Smooth, Yellow Parent (SsYy)
; sy Sy sY sy
" SSyy
8y smooth, . ;
f yellow
Ssyy
Possible Bits of Sy smooth,
Hiformation from ; — green
‘ Smooth, Yellow ssYY
o Parent (SsYy) sY "~ | wrjpkled, ;
. ; yellow o~
/ Ssyy
. : ) sy smooth, -
} ) yellow

i.
¥
Eﬁwu...m.n.- MR T Vdkem emlt

if you have trouble filling in the squares, think about how
you read graphs. For the top left square, we got SY from
the top of the grid and SY from the left. Combined, these
gave us SSYY, which is “smooth yellow.”

Now you can summarize the kinds of offspring that are
. possible in this mating. Just count and record in ‘Table 2
. in your Record Book the number of offspring with each

O UV VRS STy

.

- possible combination of features. o
prm e e s b e . gt
y, ) Smooth, ycllow-sec.écd-plants . {’7
Smooth, green-secded ;;lam_s i

. »
Wrinkled, yellow-secded plahts

Wrinkled, green-seeded plants

. E..,.\rs L I R LA RPE LR,

e L TR S ] RN

e

E O T U AP Yy LTS SN S PRUNRS SOPIN .

Table 2

bt Lt . B e R 4 o et AR Anitimsimene
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Table 2.

wrinkled, ysllow- .

S ""‘ ' "lelo 1

3 .

smooth
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The ratio you have just found is quite common in studies
of inheritance of two features at a time. '
1and 2. 1210 4, or 3:1 . (21. In this same problem, what is the ratio of smooth seeds
s to wrinkled sceds? (Count them; don’t guess.)

(J2. What is the ratio of yellow sceds to green seeds?

: - : - You can see from the data that each feature is inherited
_. _Encourage students who have come thg 5.1 mdcpcndcndy

~ to work on these crosses for the ninsect Do you think you could solve another problem about two
features at a time? Try this one: Ninsects also have several
features some of which are dominant while others are reces-
sive. Sclcu two ninsect features and diagram the followmg

. crosses n your Record Book. \

a. Cross one parent that is a purc strain for (wo ‘dominant
features with another parent that is a pure strain for two
recessive features. .

b. Cross two first-generation noffspring of the above cross.
: Use the pea problem as a model for designing your solu-;
. _ tion to this problem. Some of the symbols you could use

for ninsect features are these:

rd

Eye color: black, white (B, b)

Body color: striped, plain (S, 8) . -
Body shape: round, slender (R, r) .
Stinger: present, abseunt (P, p) . -

Leg length: tall, short (T, t) )
Antenna: curly, straight (C, c)
Wing patterp: plain, spotted (W, w)
Wing size: large, small (L, y Lo .

114  EXCURSION 6-2
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- EQUIRMENT
None N *

g
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* Red, White, and Pink

This Is really an exténsion excursion, but
could also ba considered remedial in that it
helps to answer a question posed in the
chapter. =

In Chapter 7 you were asked to use your two-bit model to
explain the cross that is shown below. This excursion will

K

show you one possible way to~do this.
L Figure 1 ' |

Let’s think about the cross in terms of your two-bit model
(seo page 83 of Chapter 7 for a summary of the model). The
puré-strain.r'cd parent had to have two bits of information

> for red, while the pure-strain white parent had two bits for
white. This means that each offspring had to get one white

. This is diagrammed in_ Eigure 2. If that figure is not clear.
to you, turn back to Chapter 7 and review the two-bit model.

~

) , R = A bit of information for red |
W W = A bit of information for white :

v

bit from the white parent and one red bit from the red parent. ’

PURPOSE
To help the student modity the two-bit model

to explain Incomplete dominancae.

0

| Excu_rsion 7-1

*

MAJOR POINTS : s

1. When a ‘sclentific model cannot explain a
new observation, ‘it must be modified or dige -
oarded.

2. &he modificatiogn shoutld be as simple as
posaitie. i .

3. In this case, ¢nly one point of the two-bit
modsl need be changed to say 'that some-
times, Instead of one bit masking another, the
two bits blend. o, )

"/
/




Question 1, below.

Pink
R w
R RR RW
Pink
W | RW | WW

1 red flower (RR)
1 white flower (WW)
....2 pink flowers (RW)

. Question 2, below:

When both bits are present. they blend.

White
woow
A | Aw | RW
Pink -
w | ww | ww

2 pink flowers (RW)

2 white flowers (WW)

+ N AR wobas by A ey AR R B 7 00 e e &%' ’
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According 10 the twa-bit model then, cach first-crop off-
spring has one bit for red and one bit for white. In this case,
the flowers of those offspring should have been either red
or white depending upon which bit masked the other. The
model as described on page 83 cannot explain the fact that
the first-crop flowers were pink.

Actually, a very small change in the model will let you
use - to handle the flower problem. All you have to do is
change statement 4 (page 83) of the model from

4. 1If an individual receives two different bits of informa-
tion for a feature, one bit may mask the other.

L]

to

4. 1f ap individual receives two different bits of informa-
tion for a feature, one bit may -mask the other. Some-
- times, -however, the two birs will both have an effect, and
the offspring’s appearance will be midway between that
of pure-strain individuals for each bit. -

Notice that the change lets you explain what happened
in the first crop of the flower cross. You can simply assume
that the bit for red and the bit for white in the first-crop

.offspring both had an effect and that the offspring became
pink (halfway between red and white). Notice also that the
change adds something 1o the model without destroying it.
The model will still work for beans, fruitflies, and the like.

Now take a look at Figure 3, where the second crop of
flowers is shown. Try to apply the new model to it- Does
it work? :

\

. S
_P.mdcmpﬁ ’ ——

1. Use your modified two-bit model to explain why part
of the second crop is_pink, part is red, aind part is white.

 Want same practice in solving i)roblefns like the one with
morning glories? Try this onc. * S
[J2. A white morning glory is crossed with a pink mo}nihg_
glory. What may the offspring look like?
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EQUIPMENT

. None
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Excursion 7-2 .

In Chapter 7 yon were left-with the problem of ﬁguringl out

how a certain type of baldness is inherited. Your problem

was to decide what bits -of information for baldness might
be in e¢ach individua] in the family shown in Figure 7-2 (Fig.

PURPOSE

To show the need for further moditication of
the two-bit model, to account for the difterent
behavior of some bits for each sex.

MAJOR POINTS

17 The masking of bits of information tor nor-
mal hair and for baldness may depend on the

sex of the indlyidual.
2. Another alteration in the two-bit model is

necessary.

\n a
ells

les
- in

2 in this excursion). ~at
1.2}
le,

' an
le_
, You were told that the bits of information for normal hair

and for baldness sometimes switch (exchange) their masking.

roles, Which of the two bits is masked depends upon whether

the individual is a man or a woman. In men, the bit (gene)

fot baldness masks the one for normal hair. In women, it’s

the other way around—the bit for normal hair masks the

one for baldness. Table | summarizes this information.

F""""‘_‘"""ﬁ""f‘“ - s e T Rmm sy ....-,-l.'-i_-r'v:w).‘_w_! T.bl. 1 .

‘:\' N . : ‘ - o / N \».’

. _ Sex. Masking Paldness (b) Normal Hair (B) Ve ' !
Jp—— . : ;

! ?»(Ma_lc) 0 b masks B |* bBorbb ~ . BB«

}oow - - S R !

o {Female) O 3| B masks'b ‘bb 1™ ~ bBorBB $ . v .
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Use Table | (o check the information in Figure | and then .
answer the questions (hd( fol]ow i,

Figure 1 b8 ¢

Parents

1
-
... The two pairs of letters (bits) beneath three
of the offspring Indicate alternative possi-
bilities, any of which could cause the ob- BB
served tralt, -
. Circle = Woman " .
S ' Square = Man
Black = Baldness
v o Blank = Normal hair
v (J1. How can the male parent be bald when he has one
1. Because in males, b masks B. B gene for normal hair? A
2. Becauss in females)B masks b. CJ2. Since the male parent is bald wuh Bb, why isn’t the
PR~ ?
3. Although not shown on Fig. 1.Qho ratio is female (Bb) also bald? '

3 to 1 for males.
© 1 tor males (3. What ratio of baldness to normal is there in thc male

offspring?

#

"THESE AREEJY JEANS
'FOR NORMAL HAIR...*

. .
69.
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‘Use the information in Table 1 to decide which bits of

information each
Figure 2. In your

person has for the baldness feature in

Record Book, u

write the letters for the bits that P

nder each square or circle, ' 4
erson has, as you see done

- one kind of pair of bits. A black

in Figure 1. Sometimes one persont could have more than
Square represents a bald

man; a blank square represents a man with normal hair.

A blank circle represents a woman with normal hair.

sex

Figure 2

na
olis -

iles
rin .
hat i

_ nes ;
ate,
an

Baldness is anothel'{{m'r': that makes us alter our tv\'/"q)—bit
model in order to have the-model explain and predict better.
! .
: . . .
(J4. In what way. was the two-bit model altered to make it
work so that it explains and predicts baldness in humans?
Have you altered your model to explain pink color in

morning glories? If not, turn to Excursion 7-1, “Red, White,
and Pink.” ' {

4. It must bé altered to correlate the feature
with the sex of the individual. v ‘ H

Excursion 7-1 s keyed to this excursion also.
. nale .
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You can check your work i®Figure 2 by turning the page.
upside down.

Answer key for Figure 2 ' .
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PURPQSE
EQUIPMENT

To explain the genelic mechanism for sex
None : . determination.

Boy or Girl ;Exc_ursion /-3

This excursion is for enrichment. B \

[N

-~

oo .. . Excursion 8-1iareferred to In this excursion. - - G _

T

One of the most obvious features of everyone is his or her  MAJOR POINTS
sex. We take for granted the fact that people are either male

1. There are 23 pairs of chromoaomgs na . '
J or female. But most of us wonder from time to time Just (";JQ::“';”"“" coll._other than sex ooty RN
. how the sex of a baby is determined. How this happens is 2. one of the pairs of chromosomes in malés™

the subject of this excursion. : differs gréati

o les.
If you did Excursion 6-1, you learned what chromosomes 5 oo

3. A model for sex Inheritance assumes iha(
are. If you didn’t do that excursion, turn to it now and read  In a female the 23rd palr of chromosomes

y from the corresponding palr in

;
_ . are both X-chromosomes: while In a male, |
v the part that deals with chromosorn_cs. . the 23rd pair of chromosomes consists of an
' Since the studies were made that linked chromosomes with  X-chromosome and a Y-chromosome. D

bits of information (genes), scientists hayve been studying  # r;}‘:obtg:‘;L'):":,’T:\i"g;sg‘r’i':gfhé father de- r
chromosomes very carefully. There are 23 pairs of chromo- '
somes (46 in all) in every normal human cell, except in sperm '
cells and in egg cells. The chromosomes that make up 22
of the pairs always look more or less alike (see Figure 1), )
- But sometimes those in the 23rd pair don’t match—one
L \, chromosome is sometimes much longer and straighter than
" - the other. The long straight type of chromosome has been

called an X'-'chromosomc, and_ the short bent one a Y-
chromosome,

Figure 1

1 2 3 4 § 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

g.“HMHHMM{wH <k
| ‘-»ﬁﬁ‘llll)}tbo_axix_nsa._ v
: _ ”U\”” W R up_é AN K x = e e P i
B RCE s A s Ao aa g ™™

A _' ;»1 2 3

Male

6 7 8 9 10 11712 13 14 15 18 17 18 19 20 21 o5 23
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Careful study shows that the chromosomes in the cells of
boys and men are different from those in girls and women.

- Boys and men have one ‘X-chromosome and one Y-
chromosome, while girls and ‘women have two X-
chromosomes. This is shown in Figure 2.

\

—

Figure 2 Female
23nd palr

After the differences between men’s and women’s chro-
mosomes were noticed, scientists used them to develop a
model for how sex is inherited. They made the assumption _
that if a person has two X-chromosomes (in the 23rd pair),~ . /Fﬂ'\ ‘

\ then that person is a female. They also assumed that if a

person has an X- and a Y-chromosome, then that person is a

. male. Furthermore, it was assumed that one of each person’s

. ‘ * 23rd pair of chromosomes came from his father and one came
¢ ' from his mother. Figure 3 shows these assumptions.

R " Slster " Sister  .Brother  Brother

_ Notice in Figure 3 that the chances of the offspring ending /
= up with two X-chromosomes are the same as for the offspring’

4

) - ~ having an X-chromosome and a Y-chromosome. . This is how
: : N * ., . scientists explain the fact that there are about as many boys
122 EXCURSIONS’  bomasgins a .
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PURPOXE

To examine Inheritance patterns for hemo-
\ philia and to see thal the disorder is sex-
linked in nature.

EQUIPMENT

None

A Royal Problem Excursion 7-4

This s an emchment excursion. but It con- !
tains much of generat interest.

\

: ' | | . ~ MAJOR POINT
Ready for a royal problem? Here goes! Read through the  An individual’s traits may be influenced by the
problem and attempt to solve it the best you can. If you have g;”:z"'l‘aa';°gy°:hk:':&' of onettion possessed. -
' a hard time at first, don’t give up. More help willsbe given . ' (
later. S : . .
Some people are born with a real handicap—their blood - -
does not clot very well. This meads that even the slightest \\
” cut bleeds and bleeds. They may even die of loss of blood
from a tiny scratch. Few such individuals live long enough o
to produce children. o . ' |
~ Several rulers of European countries of the past hundred ' A
years have had this problem. Here’s a diagram showing the ;
family tree of these people. Once again, circles represent - |
females and squares represent males. Black indicates that the
" person is a “bleeder”; white shows that he is not.

Queen Victoria

Victoria Edward Alice Louls Allred Helena Arthur

o ol it abn low

Henry' | Irene Victoria Elizabeth Emest Fredrick Alexandral Nichoias -
Waldemar Sigismund Henry ° ' Olga Tatiana .Maria Anastasia Alexis L
o . . v .
B ) — N ks ) L 123
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(3. Does your two-bit madel (sce page 83 for a summary
Note that in the series of questions on this of the model) explain the _dum in Figure 1?7

page. the student is being led to.g,possibly . S . - -
erroneous conclusion Me sees that ail the (J2- Which bit seems to mask and which bit seems to be

bleaders are male; ha is remi:nded that males masked? \
have a Y-chromosome but temaies do not, :

this probatly leads him to conclude that the 3, How ma 1ale a how i mal

bit tor the disorder is located on the Y- 03 0 ,“ ny n“l nd ho many female bleeders are
chromasome MHowever, it he goes back to shown in Flgler_ 1?

Figure 1 as suggested in the text on the next '

page. he sees that this conclusion cannot be  []4. What assumption can you add to your two-bit model

Correct. All of the males must have received : . . .
““thelr Y-chromosomes from the father in each O €Xplain the number of male bleeders as compared with

case, yet some were bleeders and others fcmale bleeders?

were not. The accepted model shows that an . S ~
.X-chromosome for normal blood can mask , . ' . - )

the X-chromosome for bleader's disease, but Okay, there’s your problem. The rest of this excursion is
a Y-chromosoms cannot. Therefore it the X-  davoted 1o a possible answer to4it. Do not read on until

chromosome lor bleeding Is present in a male, .
ho will be a b'aeder. in a 'erna'ev this cannot yOU’VC [rlCd hard [0 SOIVC [hc prOblCm fOl’ yOUI’SClr.

happen because of the presence of the mask-
» Ing X-chromosome.

If you successfully answered the last question, you deserve
a medal. IUs really a tough one. To fully understand it, you
need to know the model for how sex is inherited. Excursion
7-3 will help you with this if you don’t ajready know it. -

Excursion 7-3 is referred to in this éxcursion. As Excursion 7-3 suggests, you can assume that every boy
' : and man shown in Figure 1 has one Y-chromosome as well

as one X-chromosomeé. The gi;ls/\nd. women shown in the -/;’

_ figure have no Y-chromosome=<only X-chromosomes. This
¢ * 15 a good clue to how bleeder’s disease is inherited.

CI5. In view .of the information in the last paragraph, why
do you think bleeders are males only? )

-"-;.f" . : L [J6. On what chromosome do you suppose the bit of infor-
' ‘ mation for bleeder’s disease is located? -

If you guessed that the bit for bleeder’s disease is carried
. on the_Y-chromosome, you did quite well. Unfortunately,
124 EXCURSION 7-4 however, your hypothesis won’t explain everything you see
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in Figure 1. (Try it and sccz)).AJgtlcr approach is to think
in terms of the X-chromosbme. Here's the model for the

inheritance of bleeder’s disease that scientists now use—look °

it Qyer carefully.

1. Some X-chromosomes carry the bit (gene) for bleeder's

disgase (XY). .
2. Other X-chromosomes carry the bit (gene) for normal
blood clotting (XN).
- - 3. Y-chromosemes -don’t carry cither the bit for bleeder’s
diseasc or the one for normal clotting. )
4. The bit of information for normal clotting can mask
(is dominant over) the bit for bleeder’s disease.

17. Shown below are the pairs -of sex chromosomes of two
men and two women. Using the model above, decide whether
. each individual is a bleeder or not. In your Record Book,
write “bleeder” or “nonbleeder” for each och

a. Woman b. Worr;an ¢. Man da M
XNXN - XNX® XNY XY

Now take a look at the family tree shown in Figurc; 2.
Notice how the bleeder’s disease bits are passed along and
their effect.

N
b
)

ol ko
bt -L»‘t'(

7. Only d 1 a bleeder.

'EXCURSION 7-4 125



(J8. Why is onc of the grandsons in Figure 2 a bleeder and
. the other a nonbleeder?

Now turn back to Figure 1.
. | 09. How do you now explain the fact that not all the males
\y‘j« of this royal family have bleeder’s disease?

Lo ) You have léamcfi that some features are said to be sex-
linked. Features like bleeder’s disease are called sex-linked
, because the bits for them are thought to be located on sex
> chromosomes, X and Y in case of humans. There are about
Lo ] © 60 sex-linked traits in humans, such as one kind of night *
blindness, myopia, double eyelashes, and one type of color
blindness. Now, here’s a good one for you to answer.

10. None of the sons could be bleeders. Al [J10. Suppose a male bleeder married a pure-strain female
though they get a ¥ from the father, sither X who's not a bleeder. Cwld any of his sons be bleeders?
from the mother wilt be for normal bicod. . .
Grandsons. however, could be bleeders sither Could any of his grandfons? Explain. : B N
from a son or a daughter of the tirst genera- ’ ’
tion. For example, suppose a son (XNY) mar-
ried a girl who was XXX', Then their sen . . ' I
(a grandson ot the original couple) could be
i X'Y, a blesder. Likewise, a daughter could be
XXXt and marry a man who was X¥Y. A son . :
. from this martiage cayld be XY, a bleeder. ) ~

By

t

;

5 o ) : . ';:“.
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EQUIPMENT LIST PURPQSE

15 tobacco seeds ' . . To show the Interaction of environment with
1 petri dish with lid ” heredity In tobacco plants.
2 paper towels . : ’

" Scissors

| Wonder Where  * Excursion 7-5
the Color Went? |

This ls-an enrichment excursion. 1. The environment of an organism may have
' ' an effect on its features.

. . 2.1t is sometimes difficult to determine
Here’s a good chance to find out if some othtr varigble might whether :’;;';:’u"r';""' or genetic Inheritance
affect the appearance of offspring. For this excurgion, you . : .
need t : ateri . ) Note that the method of seed gormlnat}on is

¢ the followmg matenials ' o the same for this experiment and Problem
: Break 3-1. However, In the teacher notes ror
15 toba.ccg SCCqS ) the problem break, you were warned to be
1 petni dish with lid _ sure to remove the seedlings from the dark -
" " into the light at least 24 hours bafore they
2 papcr t.owels were to be used. In this excursion, they re-
| pair scissors ' ‘main In the dark until they are used.

-

Be sure the student Is aware that this excur-
ACTIVITY 1. Cut two pleces of paper towel the size of the sion will carry over for 10 days or more, and

petri dish. Place them iIn the botiom of the dish. Wet the  !hat the plants must be watered every day.
Y : See the Cautlon in the text on the next page.

paper towels and pour off any excess water.

’

NOTE:

Empty some closets or drawers or make other
appropriate arrangements so that studerits
will have a dark place to germinate thair to-
bacco seedlings. As an alternative, dishes
may be tightly wrapped in aluminum foil or
placed in a light-tight box.

Paper towe!

ACTIVITY 2. Piace the 15 seeds onto the Ppper towe! so that
each seed |s separated from every other seed.
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N hevi 3.0t the Hid on the dish and gently set it In a dark
Ty place (such as a drawer or cupbosard). -

Cautlon /1 will be ten days before your seeds germinate. Be
sure the seeds do not dry our. Check them EVERY DAY and
add water tf the paper towel looks dry. But don't add too much
water. Be sure your seeds are watered sufficiently on a Friday
1o carry them through the weekend.

Lid on

After the seeds have sprouted, notice the color of the
leaves. : \

.

[(J1. What color were the leaves on the lﬂ)acco plants?

2. How did the tobacco plants in the dish you jusi observed
differ from the tobacco plants observed in Problem Break

O 3-1?
3. Were the differences due to dlffcwa'oﬁ information
O (genes)?
O 4. Explain your answer to question 3. -
O/ ' (5. Suppose you moved the plants grown in the dark to the
) light. What do you predict would happen? Move the plants
to test your prediction and describe the results.
[06. This experiment shows that something other than bits
of information has an effect upon what offspring wnll look
. like. What is that “something”?
o | | .
4 ' ' '
A . Vi ,!
cal
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uoustNT' LIST

1 set of colored paper

1 box of colored toothpicks
1 palr of tweerers

-

Pick-up Sticks

This Is an enrichment excursion.

By now you know that features are passed from pirent to
offspring through bits of information (genes). If the features
are passed along perfectly every time, then life would never
change. o \

The same fcat:'r(e’s should he passed from generation to
generation. But adyone who has read -about dinosaurs or

fossils knows that' changes have been happening. In this
. excursion, you will see a way that one form of change can
‘take place. P

For this activity, let’s assume that you are an insect-eating

bird. We will let colored toothpicks represent young stages

of the insects you eat. Colored paper will represent the mate-

rial on which the insects live, For this activity, you will need
. & partner and these materials: —~b

]
-

“l_ set of colored paper (6 different COlOl‘S)(
I box of colored ‘toothpicks
1 pair of tweezers

N

)

ACTIVITY 1. Scatter 30 toothpicks, half of one color and half
of another color, on a plece of paper whose cofor matches
thet of one of the toothpicks. Qp not let your partner see you
do this. ~ : '

PURPOSE

To Hustrate the selsctive advantage of pro-
tective coloration.

v

One, Two, - Excursion 7-6

MAJOR POINTS

1. Changes can take place in the genetic
intormation passed on. to otfspring. R
2. Color can be an Important fagtor in how
well an animal survives. '

3. Man's effect on thé environment can influ-
ence features of living things.




" “3and 4. Both students should have picked up
more nonmatching sticks, The explanation’

" should indicate that matching sticks are more

. dmlcult to TT Y

N ¥

130  EXCURSION 7-6

to conﬁrm your results.

ACTIVITY 2. Move into a dimly Iit area. Have your partner pick
up as many toothpicks as posslble wlth the tweezers In five
seconds

HINT 1f you do not have a watch with a second hand, you
may csumatc the time by counting T&m 1% Toho, €tC.

1. How many toothpicks did your partner pick up that
maiched the colored. paper? that did not match the paper?

~

Exchangc roles with your partncr so that cach of you has

~ the chance to play bird. .

E]2 How many toothprcks did you pick up that matched the

‘ colored paper? that did not match the paper?

D3 How did your partner’s rest’)lts compare . with your‘
results?

-

0Oa. Explam the results that you and.your partncr gat.

Try different’ combmaubns of colored paper and toothprcks

Y}
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This simple experiment can be applied to the inheritance
of features. Lions, toads, robins; sharks, wolves, and hawks
have at least onc thing in common. All of them prey upon
other animals for food. To survive, these animals must find
and capture the animals they feed upon. The survival of the
prey-depends upon its ability to avoid being caught. Any
feature of the prey that makes it difficult to, catch is important
for its survival.

Color is a common and important feature, Some animals

“match their background very closely, but others don’t. Let’s

use how well an animal matches its background as we con-
sider survival.

Supposc a particular moth is preyed upou by birds. During
‘the daytime this moth is found on the trunks of trees. Both
the ,trees and the moths vary in color. That is, some moths
are lighter colored than others. The same ho‘lds trie for the
trees. Because of the ‘variation in the color of tree trunks and
moths, some I\nolhs are more easily seen by birds than are
others as they rest on tree trunks. .-

*

(18. What color combination of moths and trees would make

the moths less likely to be eaten by birds? -

o

°

< .
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Now let’s suppose there 1s a changd in the forest where
the moths live. Smoke from a large factory built nearby stains
the bark of all the trees. No longer are there any light-colored

Although It is not necessary for the student  yrees. Light-colored moths are now ecasily seen against any
to know, this i3 a much-quoted study of the tree

peppered moth (8iston betularia) Biologists
were able to document the changes in the .
moth coloration around Manchester, England, . Cw . TR .

--- A8 a rgsult of increased mdustrmuzmim‘g\J over [;]6' Which moths w (')UId be most !!!\.Cl)’ and which lcast

@ period of 100 years The darker moth, a  likely to survive in this changed forest? .
relatively rare incividual aver a century ago. - |

« {8 now common, and the lighter-colored ones : . . :

have become rarer. Those moths that are most easily seen are less likely to

survive and to pass bits of information on to offspring.

(J7. In ume, what changes do you predict will occur in the
color of the moths living i the changed forest?

(18. What conclusions do you reach regarding the inheri-

: tance of color among these moths? *
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PURPOSE

<

EQUIPMENT Tq give tho student a feshing for simultaneous
N sftacts of heredity and environmaent on human
one features.

Do Blondes Have Excursion 7-7
More Fun?

N This excyrsion is for general use.’

You have seen that assuming that features are controlled by
- bits of information can be a very useful model. But are bits
of information the only varigble involved in what individuals
look like? If not, are they the most important factors? Let’s
see.

Table 1 contains seven features that depend upon the
environment. Complete the table in your Record Book by
placing an X next to the environmental fac\or(s) that you
think can affect each feature. )

e : ey
' ; ' ENVIRONMENTAL FACTORS
FEATURES Sunlight Exercise Diet

Skin tanning

Freckles

~Intelligence ‘ - MAJOR POINTS

Hair 'col_or . 1. You gannot change the bits of information
— - ; - you received from your parents: :
Weight : - : 2. You can change environmental factors. .
s - — - 3. Environmaegtal acquisitions are not trans-
. Size of muscles . mitted by gendd. -
. Handedness i
s L . « N . . . Caardd T.b'. ‘

. O1. List some other human features that you think are | |
. " affected by the person’s environment. o B

. . . . .o S This table should create interest and illustrate
(J2. Which do you think is more important in determining - the ditficulty of separating heredity-environ-

how.a person looks—his bits of information of environmental ~ ment effects. ‘ N
factors? = . : \ 133 '
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This last question raises a problem that has been discussed
over and over again. Itis often called the **Nature—Nurture”
problem. You might like to see what other books have to
say about it. Some researchers argue that the environment
(Nurture) is more important in determining what a person

15 Itke. Others place greater importance b the bits of infor- ‘
mation a'person inherits (Nature). Everyone agrees, however, '
" that both environment and bits of information are important. |
. w o : ]
3. It they answer Yes. ask them how [13. Could you change the bits of information you received
* Questions § through 10. The student 13 di- from your parcn(s? \
rected toward further study Encaurage him. . 9 '
He should discover that the features devel- [ 14. Could you change your environment?
oped because of environment are not trans- .
mitted by bits of genetic information. (5. How could you affect the degree to which some of your

features develop? .
[J8. This excursion suggests a very important question—Can -
a change in the features of a parent that is caused by the
environment be passed on to offspring? Questions 7 through -
10 point up the problem. (Just look them over now: don’t

try to answer them yet.)

o - ——

(07. Would a weight lifter’s children have stronger muscles
because of the amount of exercise he takes? . ‘ t

-
/

[J8. Would the children of a man who works in the sun all
day be born darker because of his exposure? '

9. If some day you go to college, will your children be
born smarter because of your education? ~.

[110.. Will the children of a world’s-record-holding runner
be able to run faster thal%cir friends? If so, why?

~ ’

Your problem is to study this subject in whatever boo
and magazines you can find. Try your own school library
and, if one is available, a public library. An encyclopedia
might help, too. Your teacher may be able to suggest what
books are available. T,

-When you think you have an answer to question 6, write it
in your Record Book; then answer questions 7 through 10.
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