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Chapter I:

A. - THE CELL

The process of observation and data record-
ing which you have performed has historical
significance dating back to the early scientific
philosophers. Although we may look upon their
methods with disdain and amusement, we must re-
member that they provided the foundation upon
which we stand in our search for scientific
truths today. In fact we have not yet brought
all of their hypotheses into the realm of
scientific laws. We observe mice reproducing
and 1mégine we know the natural process which
has taken place. If we truly did, couldn't we
create mice?

The process which most clearly distinguishes
the living from the non-living is reproduction.
Although other characteristics are essential for
survival of the individual organism, reproduc-
tion's sole purpose is the continuation of the
species. Life has the capacity to give rise to
new life.

Reproduction may involve one or more parents
in its process.

Sexual reproduction involves

the fusion of sex cells from two parents. In

12

REPRODUCTION AND DEVELOPMENT

Reference Books for Teachers:

Biological Science,
Keeton; Norton Company

Biology,
C.A. Villee; Saunders Co.

Life,
G.G. Stmpson; Harcourt, Brace
and World

The Seience of Biblogy,
Weisz; McGraw-Hill

Animals Without Backbones,
R. Buchsbaum; University of
Chicago Press

Botan
C.L. Wilson and W.E. Loomis;
Holt, Rinehart, and Winston

Mo.z..les to Man,
B’CSy 1t ughton Mifflin Co.

An . ~quiry Into Life,
BSCS; Harcourt, Brace & World

High School Biology,
BSCS; Rand McNally & Co.

The Cell, )
Life Nature Series

"The Cell," Scientific

American,
Sept. 1961

The concepts of cell
anatomy and function and the
cell as the functional unit
are presented through the pro-
cess of cellular reproduction.
The skills of microscope use
are introduced since the stu-
dents need to use microscopes
again later in the unit.



Chapter V section C.2
eontains instructions for stu-
dent projects related to
communi tice,  In order to
allow wdequat ¢ Lime for sly-
dent froestigalion you dhould
EXAMINE THE MATERIAL NOW and
deetide when they muat”be
etarted.

Materiuls and Equipment:

Microscope

Slides, coverslips

Seisaors, forceps

Newsprint

Tolored magazine tllustra-
tions

OLd nylon stoeking

Ruler

The concepts of "cell
anator, and function” and
"the cell as the function-
al unit" are presented
through the proceas of
cellular reproduction.

The okille of mierogcope
uge are introduced at
this point. Students
necd them now and later
in the wnit.

this way, living things receive new combinations
of characteristics that may enable them to remain

in adjustment with the environment. A type of

reproduction thought to ba more primitive is

asexual reproduction. In this process there is
duplication of the parent type with little or no
variation.

To consider how organisms reproduce, we
must go to the basic unit of life, the cell. We
rust find how the cell may function not only as
a minute organism but also as a part of a very

comple:x organism,

A.1 - Experiment: USING THE MICROSCOPE

Your compound microscope is an expensive
instrument. It will serve you well, but it
requires careful treatment. Please follow these
rules:

1. Carry the microscepe with two hands --
one on the arm of the instrument, the other
under the base. It will not be jarred loose or
slip from your hands in this position.

2. Carefully place the instrument on a
table. Always keep it away from the edge. It
will not tip off or be knocked off as easily.

3. Keep the lenses of the microscope
clean, using only the special lens tissue

provided; never use your handkerchief, any item

143



of clothing, or tissue paper. Finely ground
lenses such as these may be marred with coarse
material.

4. 1f something appears to be wrong with
your microscope at the heginning of the labora-
tory period, notify the instructor immediately.
Never attempt to clean the inside of a lens or
make minor repairs on the microscope. A
technician is trained to do this.

5. Always focus up from the slide,
beginning with l1ow power. You want to focus to

the slide, not through it. ,

6. Always use d coverslip with wet mounts.

A wet lens will blur the image.

7. Always rotate the low power objective
into place over the stage and turn the coarse
adjustment down before putting your microscope
away. The microscope will fit in its storage
space and be ready for the next student to use.

Obtain the compound monocular microscope
assigned to you and place it gently on your
desk. Although you may have used microscopes
before, further advice and practice in the use
of this instrument will increase your skill as
a microscopist.

Inspect the microscope carefully. Your

teacher will review the parts of the microscope.

14

It i8 recommended that
the teacher uge part of a
period a8 a prelab in which
rules for use of the micro-
scope and the nomenclature of
the microscope are discussed.
Emphasis may be given to
movable parts and those which
may fall out or be removed
with improper use. An entire
lab period i8 required for the
student to carry out Experiment
A.



Figure A.1
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Locate these parts on your microscope and
record the names on the illustration (Fiqure
A.1). In particular identify the ocular
(eyepiece), body tube, nosepiece, objectives,
focusing knob, fine adjustment focusing knob,
arm, and base.

Be sure that your microscope is clean. Look
througy each objective and adjust the mirror and
diaphragm for maximum illumination. If spots
are viewed through all objectives, clean the
ocular, stage, and mirror. If spots are seen
only through one objective, clean that objective

only. Wipe the objectives in one direction

rather than in a circular motion to avoid scratch-
ing the lens.

It should be obvious that the purpose of the
microscope is to give a magnified image of the
object you are viewing. To emphasize this
capability and gain perspective of the actual
object compared to the image we will consider the
depth of field and diameter of each objective.

From a section of newspaper on which the
small letter "e" appears cut a piece about 1 cm
square. Place the square on the slide so the
letter "e" is right side up. Place a drop of
water on the paper and allow it to soak in. Hold

a coverslip at a 45 degree angle in contact with

16

Explain the nature of
the parfocal lenses.

Students who wear glassas
should be encouraged to re-
move them when using the
miceroscope.

Specific mention should
be made that both eyes are
kept open when using the
microgcope to prevent eye-
strain.



A quality print such as
that used in Scientific Ameri-
can, Nature, Atlantic, etc.

(s required to sec the printed
dots.

Less depth of field at
L5 yher power.

Chaek high power for
elearan~e with nylon,

Here the teacher may use
the studenta' observations to
caplain the nature »f parfocal
1
SOMNEd.

—

the drop of water. Drop the coverslip into
position on the paper. Bubbles may be removed
by gently tapping the coverslip. You have now
prépared a "wet mount." Draw the letter “e" as
it appears on the stage of the microscope. Ob-
sérving the letter “e" under low power, make a
second drawing showing how it appears through
the microscope. How do you account for this
observation?

Next cut a section 1 cm square from a
colored page of a magazine furnished by your
teacher. Place the section on a slide and ob-
serve undér medium and high power. Count the
dots across the diameter of both the low and
high power fields. Do you detect any
differences?

Cut a section of nylon hose one cm square.
Place the section on a slide and add a cover-
slip. Observe the section under low power. What
effect does the fine adjustment have on the image?
Rotate the medium power objective into position.
What effect does this have on the image size?
Does fine adjustment produce a greater or lesser
effect than that observed with lTow power? Care-
fully rotate the nosepiece to high power. Many
coverslips are broken in this movement by the
careless student. You will find it helpful to

view the rotation from the side at stage level to

~
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see how close you are coming to the slide.
Observe the nylon and again consider the effect

on the size and depth of the image.

The depth of field, or extent to which you Depth of field may also
' be i[llustrated with three
can look into an object, will be an important thicknesses of eolored thread
(commercially prepared slides
consideration when you are looking for structur.s avatlable) or using two letter
"e's" offset and separated by
in a cell. The notches on the knob of the fine a coverslip.

adjustment may be used as a scale to determine
the depth of field. With thin strips of mask-
ing tape, make a mark on the arm of the micro-
scope and on one notch of the fine adjustment
knob. What is the depth of the nylon in notches
for low, medium, and high power? What would
you guess to be the reascern for any difference in
depth of field for the tnree objectives?

It is important to know the size of the

. . ) The graph paper should
field when we try to determine the actual size have as fine a grid as possi-

of an object we are viewing. Cut three pieces ble.
of graph paper three cent{meters square. Label

one low power, the second medium power, and the

third high power. Next draw a circle that you

believe represents the actual size of the field

observed under each of these powers. Now test

your perception by observing each circle under

the corresponding power. How many times must

you modify the size of the circles? When your

circle fits the area of the field for the

objective, measure its diameter and record it.

ERIC o 18




, The area is magnified
20° or 400.

TEACHERS: Read note at be-
ginning of Section C, Re-
production, with instructions
to prepare material for that
lab ahcad of time.

Materials and Equipment:

Mieroscope

Glides, ecoverslips
Onion

lodine

For part L add:
Toothpicks
Mathylene blue

You now have a reference for comparing the actual
size and the drawing size. Each drawing of things
seen through the microscope must be labeled with
the magnification. Example: The low power field
may be 2 mm in diameter. If your drawing shows
a field which measures 40 mm, your drawing would
be labeled 20X, signifying that it is 20 times
larger than the actual object.

We are now ready to use our acquired skills

to look at some cells.

A.2 - CELLS OF PLANTS AND ANIMALS

Although cells show great diversity in form
and function, all cells are built to a funda-
mental design and share certain common features.
From observations made in the following investi-
gation it is possible to begin to build a model

of a "typical" cell.

A.2.a - Experiment: ONION EPIDERMIS

Cut an onion bulb into quarters. Observe
that the onion is made up of layers.

Take one layer and hold it so that the
concave side faces you. By snapping it back-
wards, a paper thin epidermis is usually seen

as a ragged edge on the broken layer.

19 Y.



Using forceps remove a small piece of the
epidermis and place it in a drop of water on a
slide. Be sure that the epidermis is flattened.

Draw a coverslip across the slide to the
drop of water and drop it onto the epidermis
section.

Examine this wet mount under low power of
-your microscope. Adjust the diaphragm for best
contrast. Examine the structure of the cell.
Using the fine adjustment, explore the content
of one cell. Make a drawing showing the cell as
you see it.

Examine the cells under high power. With
good contrast the separation between cells may
be seen as a cell wall (a non-living structure).
Immedi *ely inside the cell wall is the cell
membrane which encloses the cytoplasm. The cell
membrane is about .01 micron fhick and can only
be seen with the electron microscope. What is
observed with the light microscope is a much
thicker layer of polysaccharides or
carbohydrates.

Staining will produce greater contrast in
the internal structures. Prepare a second slide
as you did the first, but add one drop of iodine
to the drop of water before putting the onion

epidermis in place.

A good extension for the
plant cell material would be
to observe some highly pig-
mented cells (Elodea leaf or
flover petal epidermis) in a
very salty solution; the
difference between cell walls
and cell membranes should be
easy to see.
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Cell structure functions
are well discussed in the
references. The Upgjohn book

4

listed on page I

"~ -

No cell wall is seen in
animal cells.

For support and some
conduction.

is very good.

Staining will only take a matter of
minutes. On low power, a nucleus (plural nuclei)
will appear as a golden body within the
cytoplasm.

Observe the stained epidermis section under
both the low and the high power objective.

Draw three or four of the epidermal cells.
In one cell draw and label those structures that

you were able to observe with your microscope.

A.2.b - Experiment: HUMAN EPITHELIUM

With the broad end of a toothpick gently
scrape the inside of your cheek.

Stir the scrapings intq one drop of water
mixed with one drop of methylene blue on a
slide.

Apply the coverslip and observe the slide
under low power. The cells will be found in
irregular clusters. Select one cluster to
observe under high power.

Draw three or four of these epithelial cells
and in one cell draw and label those structures
that you observe.

7id you observe a cell wall?

A comparison of the onion and mouth cells
shows the cell wall to be a primary difference
between plant and animal cells. What is the

function of the cell wall?

21



Both of the cells observed may seem simple
in their struéture, but as we continue to ob-
serve the things that they do, their complexity
becomes more impressive.

On the basis of your 6bservaticns, draw and
label your example of a simple cell. Suggest a

function for each labeled structure.

A.3 - UNICELLULAR ORGANISMS

The first two cells you observed were units
within a living organism. They carried out only
a small part of the total activity'of the organ-
ism. Next you will observe a microscopic, one-
celled organism that carries out all life |
activities by itself.

A.3.a - Experiment: UNICELLULAR LIVING
ORGANISMS

Place a ring (about one centimeter in
diameter) of methyl cellulose on a slide. Place
a drop of Paramecium culture into the ring.

Apply a coverslip and observe under low
power;

Make a drawing of the paramecium showing
its shape and structure, and the direction of
any movement that you actually observe. Observe
under high power and guess the function of the

structures that you see within the paramecium.

(4

22

A model cell should in-
clude a cell wall, a nucleus,
and ecytoplasm. The cell
membrane is implied but not
observed.

Invitation to Inquiry
#1 and #2 in Biology Teachers

Handbook, Schwab; John Wiley
and Sons, Ine.

Materials and Equipment
microscopes
slides
ecoverslips
methyl cellulose
Paramecia
Euglena

Reference: Animals
Without Backbones by R.
Buchsbaum; University of
Chicago Press.

) » Vacuole

Contraclile
Vacuole

n
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Jtructures that may be seev
in the paramecium:

Pellicle

Nuclei (miero & macro)

Contractile vacuole

Oral groove

Food vacuoles

Cilia - under dark field

. Mouth
W Lyespot

Vacuole filled
with Water

f lageitum

Chloroplasts
containing
Chiorophyli

Nucleus

Iy Lena

Slructurar that may be seen
in the Fuglena:

Pellicle

Nuclens

Chloroplast

Flagellum

kye spot

tranules of food reserve

Would you say that the paramecium is a
simple cell? Why?

If there were any structures that you could
not guess a function for, call them to the
attention of your teacher.

On a second slide place a ring (about one
centimeter in diameter) of methyl cellulose and
within the ring place a drop of Euglena Culture.

Apply a coverslip and observe under low
power. |

Observe under high power and guess the
function of the structures within the Euglena.

One of the structures that you see will be
green granules called chloroplasts. You should
also observe a red spot (1light sensitive area)
near one end of the Euglena.

Make a drawing of the Euglena showing the
shape of this single-celled organism and the
structures which are found within,

Agasn call to the attention of your teacher
any structure for which you cannot guess a
function,

In light of the additional observations you
have made, discuss with your classmates the
significant changes, if any, which need to be
made in the model cell you have constructed in

experiments A.2.a and b. Can the cell model be

23



expanded to include those structures found in a "Typieal Cell"

more complex cel1? Try modifying the original cell membrane (implied)
nucleus

cell model to include those structures observed cytoplasm
vacuoles

in today's investigation.

The point should be made
by the teacher that cell walls,
chloroplasts, eye spots, cilia,
and flagella are not untversal.

Do
—
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B. - OBSERVATIONS BY OTHERS

You have observed a variety of cells and
have constructed a cell model. Although you
may question your accuracy, information was
acquired in the same manner by those who have
found out all we know about the cell. It is
now appropriate to read about the cell as a
structure seen by trained observers with equip-
ment more sophisticated than ours. This will
enable us to complete the cell model and more
nearly to understand the many functions of the
cell.

A large amount of reference material is
The Cell, Upjohn Co. available about the cell. OQur primary concern

Cell, American Publications .
—r .
The Cell, Life Nature Series is those structures and functions that are

"The Cell", Scientific

American, Sept. 1959. 1seful in explaining the cell's role in the

reproduction of an organism.
Complete your cell model and the way it
reproduces itself on the basis of observations

and reference materials.

no
(O3




B.1 - THE MODEL CELL

You have constructed a cell model and have
seen the structures and functions that others
have observed. At this time a review is in
order so that you may "nail down" any factor

of cell organization that is not clear to you.

B.2 - HISTORICAL REGERLNCES
A brief look at the historical inquiry into
the nature of tve cell may help us appreciate
how scientific knowledge has been acquired.
Various members of the class will report
on the significant contributions made to cellular
knowledge by Robert Hooke, Hugo Mohl, M. J.
Schleiden, Theodore Schwann, Rudolf Virchow, and

August Weismann.

15
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Cytoplasm Plﬁstid

NUCLEUS

Lifeless Bodies
Figure B.2

Figure B.1
Cell Membrane Cell Wall

Endoplasmic Reticulum
(smooth) ..
Vacuole—

Ribosome (free)—
Mitechondrian —

Endoplasmic Reti-
culum (rough)

Nucleolu

Chromatin
Fat Droplet—
Secretory Granules
Golgi Complex

Glycogen

Chloroplast—"
Granum—"_
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C. - REPRODUCTION

The survival of each species of plant and
animal requires that new individuals replace
those eliminated by disease, predators, or old
age. The actual process involved varies tremen-
dously from one species to another, but basic
types of reproduction, asexual and sexual, can
be distinguished. Asexual reproduction involves
. only one parent which splits, buds, or fragments
to produce two or more offspring, identical to
the parent. Sexual reproduction involves two
parents which each contribute a specialized cell
(sperm or egg) which fuse to form the fertilized
egg (zygote). The biological advontage of
sexual reproduction is that it permits variation
through recombination of hereditary characteris-
tics of both parents, resulting in offspring
which may be better able to survive than either
parent.

The cell, basic to life and therefore to
reproduction, may divide in two ways. The most
common type of cell division is called mitosis.
The specialized cell which must be formed for
sexual reproduction to occur is called a gamete.
The process of reduction division by which it is

formed is called meiosis.
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Three days prior to the
investigation of mitosis, set
up six small onions or 48 hours
prior, the sections from a
elove of 7jarlic per class.
(Probably more than you will
need per class, but it pays
to have extra for those stu-
dents who wish to try again.
An average of one slide in
five will show good mitotic
figures., The bottom of the
onton or garlic section is
suspended in a vessel of
water (beaker or baby food
Jar) with tooth picks inserted
into the bulb to hold it at a
level where the water covers
one-half of the bulb.

The prepared slides may
Lte used by thuse students who
b: rome discouraged with their
slides which do not show
mitoti: figures.

Onions prepared this way
tend to show unison mitotic
divisions. Most figures are
obtained at root tip at 11 a.m.
and 11 p.m. This appears to
be a response to light. It
is not known to us whether or
not this timing holds true
for garlie.

You may ~hoose to run
C.1 and C.2 at the same time.
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Materials and Equipment
St onions or one large
garlic bulb per class
Fresh acetocarmine stain
Rusty razor blades
1 slide and coverslip
per student
Paper towels
Syracuse (or similar) dish
to soak root tip in HCL
Forceps

1 liter of 1 molar HCL is
made by pouving 42.8 ml. of
He'l Into enough water
toomake 1 Liter.

ORI,

The film, "Mitouis,"
EBF (84 minutes) may he shown
before the experiment.

The film loop, Squash and

Smear Technique, may be used
for introduction.

C.1 - Experiment: WMITOSIS IN THE ONION ROOT TIP

We may look at cell division as a charac-
teristic of the cell. Again, we may consider
cell division as a type of asexual reproduction.

Cut an onion root 1 cm from the tip and
place it in 1M HC1. Let the tip soak for five
minutes while you obtain a clean slide, cover-
slip, acetocarmine stain, and a razor blade.
When the tip has soaked five minutes, place it
on a clean slide in one drop of acetocarmine
stain. Macerate the root tip in the stain by
chopping vigorously with the razor blade until a
pulp is made of the root tip. Apply a coverslip.
Fold a section of paper toweling intoa 3 x 5
rectangle to act as a cushion for squashing.

Turn the slide over, coverslip down, and place

it in the center of the cushion. Place the
thumbs tip to tip parallel with the slide and
press down to squash the root tip. Place the
slide on the stage of the microscope and observe
under low power. Find the area of the root just
above the rounded tip where the most rapid cell
division occurs. Examine under high power. If
you have been careful in your technique and the
root tip is at the proper stage, you should be
ap]e to locate all of the stages described as

-
landmarks in the sequential process of mitosis.

29
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Figure C.1
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Do not require memoriza-
tion of the vocabulary.

An 8mm film loop, '"Mitosis
- Pollen Cells in a Blood Lily,"
may be shown with the experi-
ment.

The landmark titles for given arrangements of
chromosomes are as follows:

1st Stage: Cell and nucleus intact.
(Interphase) No apparent activity.

2nd Stage: Nuclear membrane has disap-

(Prophase) peared; chromosomes have
replicated, shortened, and
thickened and are now visible
as thread-like structures in
the cytoplasm.

3rd Stage: The chromosomes lie in a

(Metaphase) vertical plane equidistant
between the two sides.

4th Stage: The chromosome pairs have

(Anaphase) split apart and are moving
toward the sides.

5th Stage: Formation of a cell plate

(Telophase) takes place. The split

chromosomes arrive at each
side and begin to elongate
and become obscure. .The nu-
clear membrane reappears and
with reorientation within the
cytoplasm the cell division
is complete, resulting in
two identical daughter cells.
If you have been unsuccessful in your first
attempt at this squash technique, you are urged
to try again.
In your own words construct a sequential
description of the activities of one chromosome

as it undergoes mitosis.

C.2 - ASEXUAL REPRODUCTION IN PARAMECIA
Some organisms are capable of reproducing
both sexually and asexually. Such an organism

is Paramecium, which you observed earlier.
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Paramecia reproduce asexually by means of a
process called fission. This phenomenon can be
studied easily by observing a prepared slide of
paramecia made from a population which was

reproducing rapidly.

C.2.a - Experinent: PARAMECIUM FISSION

Obtain a prepared slide from your teacher
and observe under the microscope. Locate a
specimen which appears to be dividing into two
parts. Make an outline sketch of the entire
organism. Paramecia are unique in that the
nuclear material is segregated into a kidney-
shaped macronucleus and one or more small
spherical micronuclei rather than contained in
just one typical single nucleus. Examine the
specimen under high power. How does the shape

of the nucleus in a dividing organism compare

with that of a paramecium not undergoing fission?

Add the nuclear structures to your sketch. What
is happening to the nuclear material?

Examine the slide under low power and look
for several stages of fission. Make a series of
drawings showing your understanding of the
sequence of events from the onset of fission
until the two organisms appear held together by
a very narrow bridge of cytoplasm. What is the

over-all result of this constricting process?
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C.5.c2 and C.3.a may be done in
one ‘ub session.

Materials and Equipment

Compound microscope
Prepared slides of
paramecium fission

Although it is much more
exciting to watch fission in
living cultures, it is more

reliable to use prepared slides

for this study. It is sug-
gested that the teacher set
up for demonstration living
examples of fission if they
can be found. The student
may compare what he observes
in living examples to what

he discovers in his study of
the fixed, stained specimens.
Normally, if the culture is
well fed and vigorous, repro-
duction will be occurring
rapidly enough to allow find-
ing some examples for demon-
stration.

it 18 more elongatad.

It is being replicated
and parceled out to the
daughter nuclet.

Two individuals are
produced.

21
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You cannot say which is
the parent since both are
identical. Neither can one be
called the "of fspring" since
both have come from the same
individual. Both types of
reproduction are cell division,
but in paramecia the new indi-
viduals also are formed. It
is asexual because there is
no exchange of nuclear mater-
ial, no gametes, no fertili-
aation.

Materials and Equipment

Compound microscope
Prepared slides of conjuga-
tion in paramecia

The macronucleus is ab-
sorbed by the cytoplasm. The
micronucleus divides (metoti-
eally).

No, the condition is not
similar; see above. There 18
nuclear exchange and reorgan-
tzation.

Which organism is the "parent?" What
similarity do you see between mitosis and this
type of reproduction? Why is fission considered

to be asexual reproduction?
C.3 - SEXUAL REPRODUCTION IN PARAMECIUM

Paramecia also reproduce sexually by means
of a process called conjugation. Again we will

use prepared slides to observe this process.

C.3.a - Experiment: CONJUGATION

Obtain a prepared slide from your teacher
and observe under low and high power. Locate
two paramecia which appear to be stuck together
side by side. These organisms are undergoing
conjugation. Watch the organisms for a time.
Make an outline sketch of the two. Compare the
appearance of the nuclei with those of the
paramecia on the slide which are not undergoing
conjugation. How do the nuclei differ? Is the
condition of the nuclei similar to that observed
in paramecia undergoing fission? Froh your ob-
servations can you form any hypotheses about
what is occurring between the two paramecia
undergoing conjugation? Following this process,
the two organisms will separate and each member

will immediately undergo cell division.
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Although partners undergoing conjugation are
structurally identical, it has been found ‘that
they belong to different mating types. This
means that a paramecium of mating type I will
conjugate only with an individual of mating type
II and vice versa. Thus, while structurally the
same, functionally the two partners are different
and therefore somewhat analogous to male and
female forms in higher organisms.

Do you think fission or conjugation would
be the more advantageous type of reproduction
for continuing the species under changing
environmental conditions? Why? Under what
conditions do you\think the alternate process

might be more advantageous?

Figure C.2

L
-
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Some explanation and
discussion of mating types
will be necessary. The con-
cept. of primitive differentia-
tion of definite sexecs should
be cxplained, emphaeiazing that
the strains differ physio-
logically only, not morpho-
logically. It may be interes-
ting to set up a demonstration
of live organisms in which one
strain has been marked with
vital stain (such as Evans
Blue or Janus Green) to show
that members of a particular
strain do not conjugate with
members of the same type.

A _Sourcebook for the Biological
Sctences, Morholt, Brandwein,
Harcourt, Brace & Co; gives
information on vital staining.

Conjugation, because it
allows for nuclear recombina-
tions resulting in a more
variable population, some mem-
bers of which might have some
advantages in a changing
environment.

Whenever it would be
advantageous to produce large
numbers of similar organisms
rapidly, such as during
tnvasion of an unpopulated
area or at a time when
environmental change is very
slow.

As an optional study,
Living cultures may be used
for studying conjugation in
preference to prepared slides.
(Prudence suggests, however,
having a few commercially
prepared slides of this pro-
cess on hand.) It has been
found that congjugation is
encouraged by starving the
cultures following a period
of rich feeding. Also, over-
erowding will initiate the
process. The cultures pur-
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chased from a supply house
are normally ready to
eonjugate when the two
strains or types are placed
together. To prepare for
the laboratory, proceed as
follows:

lJusing separate droppers,
approximately 24 hours before
the echeduled laboratory,

mix some paramecia from each
of the two cultures in
depression slides; seal a
coverslip over the well with
petroleun jelly; place the
slides in a covered finger
bowl containing moistened
paper toweling. Although
eonjugation will begin soon
after mixing, more pairs are
typically observable about

a day later. For their stize,
paramecia are rapid swimmers
and unless slowed dowm some-
what are difficult to study
alive under the microscope.
Methyl cellulose may be used
to restrict their rapid move-
ment. Make a ring of methyl
cellulose solution about 1
em. in diameter in the middle
of a clean microslide. Place
a drop of parameciun culture
in the middle of this ring;
place a coverslip in position
and observe under the micro-
scope.

A few drops of iodine
stain, placed at one edge of
the coverslip and drawn under
by means of a small piece of
paper toweling applied to the
opposite edge, will kill the
paramecia and stain them so
that the nuclei of each cell
becomes visible.



C.4 - SEXUAL REPRODUCTION IN MULTICELLULAR
ORGANISMS

In multicellular organisms sexual repro-
duction begins with the production of a sex cell
within the body of the parent organism. Within
the reproductive organs (gonads) a specialized
form of cell division produces a sperm or egg
which contains one half of the hereditary infor-
mation possessed by the body cells. These repro-
ductive cells (gametes - Greek, to marry) are
.brought together in fertilization, the union of
sperm and egg. The fertilized egg (zygote),
which now has a full complement of hereditary
information, then undergoes repeated cell divi-
sion (mitosis) and gives rise to a new

individual,

C.4.a - MEIOSIS

In cells other than gametes, the chromosomes
are in pairs. The gametes have only one member
of each chromosome pair. The special type of
cell divisiun which reduces the chromosome
number in the cell one half is mejosis.

Study the djagram of meiosis on the next
page. How was the original chromosome number
reduced by 1/2 during these two divisions? If
a cellular division occurs without a chromosome

duplication the chromosome number will

36

It is intended that the
process of reduction division
be clear to the student before
he proceeds.
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inevitably be halved, assuming that half of the
chromosomes go into one of the resulting cells
and the other half into the other. By exactly
the same reasoning it should be clear that if

there are two cellular divisions with but a

single chromosomal duplication, the chromosome

number of the four resulting nuclei will be
halved. It is this latter situation that occurs
in meijosis.

The cells that result from the two meiotic

divisions contain only one member of a givern

homologous pair of chromosomes. (A homologous

pair has two members which have the same
proportions.) Thus there has been not only a
h61;%ng of chromosome numbers but also a
segregation of the members of each homologous

“pair of chromosomes into separate nuclei.

HOL - A pair of organisms which have 6 chromo-

somes (3 pair) are mated. Construct one chart
for the male (sperm) and one chart for the
female (egg or ovum) to show how gamete formation

occurs in each parent.

LW
m.

With the aid of the il-
lustration of meiosis in the
student guide and the film -
"Meiosis: Sex Cell Formation"
EBF - 16 minutes, the teacher
will need to lead the students
through the sequence of
meiosis called oogenesis in
which one viable egg and two
polar bodies are formed.

There would be four sperms
and one egg formed, each with
three chromogomes.

A quick look at the HDL's
will inform the teacher '"where
the studer»' are," and he may
review ga .te formation or go
on to fertilization, using the
HDL as the vehicle.
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Equipment and Materials
(Teachers)

4-5 urchins (this should
give a reasonable chance of
including both sexes)

20 ml 0.5 M KC1

5 ml syringe and needle

Aquarium and sea water

150 ml beaker or finger

bowl

Petri dish

Several droppers or

pipettes

Equipment and Materials

(students)
Mieroslides
Toothpicks
Syracuse watch glasses
Mieroscopes

This exercise is basic
and can be one of the most
dynamic and dramatic labora-
tory experiences of the year;
teachers living near a coastal
region are indeed fortunate.
The actual instant of fertili-
zation 1s a sight rarely seen.
This experiment should be
attempted during spring when
the urchins are gravid.

Sea urchins (in the
Pacific Northwest the common
species is Strongylocentrotus
purpure, the purple urchin),
can be collected from many
regions of the rocky intertidal
zone during low tide the week-
end before they are to be
used. (Certain areas of the
coast are closed to inverte-
brate collecting. If you are
uncertain of the regulations,
it would be wise to check with
the State Fish Commission about
closed areas or to apply for
a collecting permit about three
weeks before anticipated
collectings.) The urchins will
live very satisfactorily for
a few days in aquaria if kept
in a refrigerator in plenty
of sea water. Do not over-
crowd. Be sure to bring back

C.4.b - Experiment: FERTILIZATION

Following the production and release of
eggs and sperm, the next step in sexual reproduc-
tion is fertilization, when two gametes combine
to form a zygote. If all goes well, you will be
able to observe this fascinating and dynamic
process under the microscope.

Before the laboratory period, your instruc-
tor should have obtained freshly released eggs
and sperm from live female and male sea urchins.
The gametes are kept in cold sea water approxi-

mating their natural environment as closely as

possible.

39



several gallons of sea water
for each doaen or so urchins
collected.

Although students can in-
duce shedding of gametes, much
time and confusion can be saved
if this is done before class
by the teacher. Induction can
be accomplished in several
ways:

(1) 1injection of KCl

solution;

(2) subjection to
electrical stimi.us;
or

(3) dissection of the
gonads

The KCl treatment is as
follows: Inject approximately
2ml of 0.5 KCLl into the body
cavit through the membrane
arounr tks mouth; place upright
on a clean glass plate or pan
until the antmal begins shed-
ding gametes (recoynizable by
tine ooaing of either a milky
s or yellowish eggs
secretd from the dorsally
located gonopore). Place the
female urchin over a beaker or
finger bowl containing 25 ml
cf fresh sea water; allow the
eggs to drain in and settle,
then wash three times by
draining the water and
replacing with fresh sea
water. Invert male over a
petri dish with a small amount
of sea water and allow the
sperm to drain into it. Keep
these gamete solutions cool
and use as soon as possible -
the eggs within four or five
hours, sperm within an hour
or less.

For the electrical treat-
ment, stimulate the dorsal
surface of the urchin with an
electric shock of about 6
volts until the gametes begin
oozing from the gomopore and
proceed as above.

Mechanically, the gametes
can be obtained by breaking
the shell and dissecting out
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the gonade. Macerate the
gonads in fresh sea water
and proceed as above.

Students ghould be cautioned
not to mix the pipettes when
obtaining the gamete suspen-
stons.

The nueleus should be

discernible from the eytoplasm.

sperms are elongated, whitish

in aggregate, and much smaller.

The eggs are round, yellowish,
and about 60-70 mierons in
diameter. Spectalization and
division of labor are advan-
tages. Sperm are adapted for
locomotion or swimming. The
egg contains much stored food
material for the developing
embryo. Thus we see gome of
the advantages of specializa-
tion and division of labor.

Typieally they inecrease
their awimnming movements
raptdly. The fertilization
membrane forms in a very few
minutes or less. It appears
to aid in preventing more
sperm from entering the fer-
tilized egyg.

Obtain a clean microslide and, using a
clean pipette, place on it a drop of the egg
suspension. Close to the side of the drop of

eggs, but not touching it, place a drop of the

sperm suspension, using a different pipette.
(Why should you use different pipettes trans-
ferring the two suspensions?) Carefully observe
a sea urchin egg. WNote ‘ts size, shape, and
color. Can you detect any details within the
egg? Now look carefully at the drop of sperm.
Watch their movements. What is their shape,
color, and size? Compare the egg and sperm in
regard to these structural characteristics.
Can you suggest any advantage in producing
gametes of two different morphological kinds?
For what are sperm particularly adapted? How
is the egg especially suited for its role in
reproduction?

Now, while looking through the microscope
use 3 toothpick to draw part of the sperm
sucpension over to the drop of eggs. Mix them
together and watch. You should see a rare and
fascinating sight. Make a note of the time
#hen you first mixed the gametes.

What response do the sperms exhibit with
respect to the eggs? Very soon after the

penetration of an eqgg by a sperm a fertilization

membrane 1ifts off from its surface and surrounds
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the egg 1ike a halo. How long did it take from
the first contact of sperm with an egg for this
fertilization membrane . form? Can you suggest
a function for the fertilization membrane?
Within an hour or so, the fertilized egg
(zygote) will start to divide into two cells as
the new individual begins to develop into an
embryo. Shortly each of these cells will
divide again to form four. These produce eight,
and so on, If the zygotes are kept in fresh,
cool sea water in a shallow dish, such as a
Syracuse watch glass placed in a refrigerator,
you should be able to observe development of
these stages over a period of hours and days.
In many animals, testes and ovaries are
located in the same individual. Give several
examples. Can you suggest any advantages to
this arrangement? Can you suggest disadvantages?

How could these disadvantages be reduced?
D. -- EMBRYOLOGY - DEVELOPMENT

D.1 - Experiment: DEVELOPMENT OF SEA URCHIN EGGS

Obtain a prepared slide from your teacher
and observe it under low and high power of the
microscope.

Fertilization is the fusion of two sex cells
to form the zygote, which has both members of

each chromosome pair. After fertilization, the
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Although not strictly a
part of this exercise, the
teacher can get a great deal
of "extra mileage" out of
this material by placing the
zygotes in Syracuse watch
glasses in the refrigerator
and allowing students to
watch early stages of ecleavage
from several hours to several
days after fertilization.

Starfish may be used in
place of the sea urchin. The
arms (rays) of the starfish
econtain pairs of male or
female gonads.

Film: "Echinoderms - Sea
Stars and Their Relatives,"
EBF (17 minutes) - contains a
section showing the stimula-
tion and release of eggs and
sperm from the sea urchin.

Advantages: For animals which
have restricted locomotion it
might eliminate the problems
of finding mates; and it allaquws
both members which mate to
produce offspring.
Disadvantages: Self-fertili-
zation reduces the advantage
of sexual recombination and
Limits the availability of
mary factors in the gene pool.
Disadvantages could be mini-
mized through development of
devices to reduce chances of
self-fertilization such as
different maturation times for
the gonads or morphological
arrangements which preclude or
inhibit self-fertilization.

Materials and Equipment

Microscope

Prepared slides of Arcabia
(sea urchin) unfertslized, all
eleavage stages, blastula and
gastrula.
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Two good references:

An Atlas of Embryology, Free-
mar. and Bracegirdle, Hermann
Ed. Books Ltd. London.

E@perimentai Embryology, Rugh,
Robe Burgess Publishing Co.,
Minneapolis.

Embryology is a faseina-
ting topic and it lends itself
well to the kinds of skills
whieh first year students have.
The probiom is time. If you
feel that time is not a pro-
blem in your ease or that
this 1¢ a eritical topie,
pursue it. The third year
plan ecalls for development as
a monograph topiec. You may
elect to allow some indivi-

‘duals in the elass to pursue

this topic more or less on
their own time.

Minimal coverage t8 the
set of topics which involve
no live animals other than the
mice and tadpoles (perhaps up
until hatehing). There are at
least films:

"pish Embryo from Ferti-
lination to Hatching" EBF 12
min.

"Chicek Embryo' EBF 13
min.

The students chould look
for stages and structures they
have seen in sea urchin deve-
lopment and be prepared to make
comparisons later when OBSER-
VING TADPOLES. They should
note developments beyond those
they have veen.

lJse of a film may lessen
the work and time invested and
still permit the kinde of
obgervations which are needed.

Another recommended film
ig: '"Egge to Chickens,"
Bailey 1353, 10 min.

sea urchin egg cycles through six mitotic
divisions resulting in a mass of 64 cells.

Draw the unfertilized egg, then locate

those stages of cleavage in which groups of two,
four, eight, sixteen, thirty-two, and sixty-four

cells are observed. Make some drawings of those

stages you observed.

A cell from any of these groups, if
separated, is capable of developing into a com-
plete sea urchin.

When the cell mass reaches this stage, many
of the cells are no longer in contact with the
water; they are buried within the cell mec<. At
this time the ball of cells takes on a new look;
you will observe many hollow-looking balls as all
the cells take positions which bring them into

contact with the water. Draw one of the hollow

ball stage cell masses.

The next phase involves very rapid cell
division in one area of the ball. Cells of this
region grow so much faster than the rest of the
cells that they override the area of slow
reproduction. This results in two noticeable
changes: (1) the hollow mass of cells looks as
if one side had caved in, and (2) the cells in
the concave region are much larger than the fast-
reproducing cells which are now on the outside

of the mass. The mass, which is still hollow,
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now consists of two layers, one within the other,
with all cells in contact with the surrounding
fluid. The two layers of cells are called the

endoderm and ectoderm. Draw an example of this

pushed-in hollow ball stage.

In most animals, a third layer of tissue,
the mesoderm, develops. These inner, middle,
and outer layers each develop into particular
parts of the body. For instance, the skin, hair,
brain and other parts develop from the outer
layer, most bones and muscles come from the
middle layer, and the inner layer gives rise to

the digestive system.

Polor bodies

\J

Four-celled

AMPHIBIAN

Biastula - vertical Seclion

Figure D.1
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Observing the changes of
many developing organisms is
interesting, but you will have
to deeide if there is time to
explore this concept at length.

Fertilized chicken eggs
and/or newly laid and ferti-
lized frog eggs can be observed
over a period of days to see
the gross external changes
which result from more subtle
cell, tissue and organ changes
in the embryo or larva (free
living embryo).

On p 36 you will find
instructions and schedule to
assist in incubating chicken

eggs.

In late February and
March, frog eggs may be found
in ponds and streams. A word
to the student will usually
result in class quantities
that may be used for extensive
study of occasional obgerva-
tion.

The frog egg development
responds well to temperature
gradient and microscopic
examination revealing embryonic
development.

Boiled lettuce or spinach,
fresh or in prepared baby food,
may be used as food for the

developing tadpoles. They eat
very small amounts. Surplus
food becomes toxic. Shumway's

chart 1s based on 18°C. You
can control speed of develop-
ment by regulation of
temperature.
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D.2 - DEVCLOPMENT OF THE EMBRYO

As the presumptive tissues (layers) develop
and take on more specialized activities the cells
themselves become more varied in function and in
appearance. The variety of kinds of cells in a
mature multiceliular organism such as yourself is
surprising considering that they are the direct
descendents of a single zygote (fertilized egq).
Some of them are extremely long (nerves from
toes to spinal cord), but cannot contract, others
are long and are able to contract (muscle), some
produce chemicals (digestive glands, for instance),

others are sensitive to certain stimuli, and so

the 1ist goes on.

D.3 - DEVELOPMENT OF A FROG

In February and March you can find clusters
of frog eggs in ponds and streams. You may wish
to continue your observations of embryonic
development at school or home. A hand lens and
baby food jars of water with four or five eggs
in each may provide many hours of exciting ob-
servation. The development of the frog embryo 1is
affected by temperature variation. You might

use an incubator, refrigerator, an open room, and



46

35
Development in the Snail:

Another possible lab
experiment for gtudying embry-
ology makes use of the bubble
snail. The following lab
procedure was developed by
Dan Fields, a student at
Wilson High School (Portland,
Oregon), under the supervision
of Jean Chisholm.

Bubble snails (Physa
heterostrophia)and their eggs
may be collected from outdoor
ponds. An easy way to culture
them in the lab is to place
10 to 20 enails in a gallon
Jar filled to 3/4 its capacity
with pond water. The water in
the jars should have a pH of
§-6; the jars should be kept
in a light source, such as a
neon Gro-Light. Elodea or
duckweed should be added to
the water as an oxygen source
and also to provide egg-
laying eu-~faces.

Snat.s will lay eggs
prolifically (adequate for 9
or 10 classes) under good
eonditions. Egg-laying is
enhanced by feeding with
0.03 gm of "low calorie diet
aid" added to the water every
3 days. Embryos are stored
in fresh pond water or
distilled water in petri
dishes. Egyg clusters can be
transferred using forceps to
lift them. Fresh water should
be added daily to insure an
adequate oxygen supply for
the embryos.

An easy way to store
embryos for observation ig to
place them in depression
slides with vaseline-sealed
coverslips over them to pre-
vent drying. If the slides
are stored at night in petri
dishes of pond water within a
refrigerator they should be
avatlable for observation
for several days.
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Using a mieroscope, stu-
dents should be able to make
good observations and drawings.
At Wilson High drawings were
left by the microscope through-
out the day, with successive
classes added to the pictorial
record.

Materials and Equipment:

Mieroscope

Gro-Lamp

Aquarium or gallon jars

Pond water

Distilled water

Petri dishes

Slides, coverslips

Vaseline

- pH paper

Forceps

Elodea and duckweed

Bubble snails (Physa
heterostrophia)

Development in the Chicken:

With a little bit of luck
the following method for pre-
paring different stage embryos
will permit observations to
be made in one or two days
rather than many observations
over the three-week incubating
period. 0, 2, 5, 7, 9, and
21 are a convenient and
appropriate number of days
for incubation and can be
marked on the sets of eggs.

M W Th F 2

Sun

Week 21
one

Week
two

Week
three 9 7 S

Week

" day(s)

four 2 eracking-hatching
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Clues on how to incubate with
success:

1. Humidify with a dish
of water in the incubator;
the larger the surface and
the cleaner the surface the
bettenr.

2. Keep temperature at
101-1039F.

3. Turm eggs three times
a day.

Clues on storage of eggs until
ineubation (longer than 10
days leads to less success):

1. Keep cool at about
s00c.

2. Store with large
end up.

Clues (mise.):

After the shell is
broken, the embryo will live
longer if bathed in a

+ . Phystiological saline solution
- (.9%), 90 grams NaCl/Liter

Hy0, or bird Ringers solution.
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Aruitoxt provided by Eic:

STAGE STAGE STAGE
AGE (in hrs ot 18°C) AGE (in hrs ot 18°C) AGE {in hes at 18°C)
1 o] ‘ ) 7175 @ 1315 O
unteihized 32cell neutol plate
LR ( ' $ 1 Q |62
gray crescent | mid-cleavoge
3|25 q h 9 Q
1 7
% 2 onlh lote cleavoge $1¢
-1 . B I &
r } rotaton
] '
4 |ay| (9 10| 26 Q
' 1.eni dorsal hp
- - 16 | 72
v
8157 @ 1] 4 neurol tube
8-coll md-gastrulo
/ 17| 84
6 |65 12| 42 '
16-cell late gostrulo toil bud

Adapted from ‘The Anatomical Record
Schumway's chart showing stages of development of the frog.
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STAGE
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a window sill as your gradient series or you may
select your own gradient. A Shumway chart of
frog development will give you a basis for com-
paring temperature or time as they affect the

development of the embryo. (see previous page)

E. - BIRTH

Development may be either external, as in
the organisms you have seen, or internal, as
in the placental mammals. In the latter, such
a§ our mice, these processes are more difficult
to observe and therefore to explain. Further-
more,_it is only in animals which have internal
development that birth occurs. We may relv on
a film presentation for information on internal

development and birth of such an embryo.

F. - MATURATION

A traumatic orientation to a new environ-
ment begins with the birth of the offspring.
The maturation of a mouse is a process that you
have observed in the mouse colony. On the basis
of the data recorded from those observations you
are asked to answer the following questions.
Try to base your answers entirely on your
observations.

1. What was the period of gestation

(pregnancy) of the mouse?

Films:

"Biography of the Unborm'"
EBF (17 minutes) - discusses
fertilization and birth.

"From Generation tc Gen-
eration" MeGraw-Hill (32
minutes) discugses basic human
reproduction; shows childbirth
as an emotional and spiritual
experience ag well as physical;
animation explains creation
and development of new life.

"How Life Begins' 3M

"Human Reproducticn" EBF

1. The period of gestr.tion is
from nineteen to twenty-onz
days. Variotions are cae to
strain diffevent: and eize of
litter.
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2. The size of litters varies
greatly but may be as many as
Jourteen.,  Hybrids tend to
I Larger [itteors Lhan in-
Pwd avtraive. The namber of
areroiowd i would e Bagsend on
obgerval (on,

3. The lactation period is
dependent on the size of the
litter and ts from 21 to 28
days.

4. a) The day the mice are
born they are naked and lack
pigmentation other than in
the iris of the eye; the eyes
and ears are closed, and the
ears are lying flat against
the sides of the head.

b) The pigments begin to
show in the skin if the strain
18 colored.

e) The extermal ears are
open and are nct as flat on
the head.

5. The abdominal wall is
still transparent enough to
see through on the fourth day
and milk can easily be seen
in the stomach.

6. On the fifth or sixth
day the body becomes covered
with little hatrs, and by the
seventh day the entire body
18 covered.

7. By the tench day the
nipples can be seen and the
sex of the mouse ts evident.
Anus to vent distunce is most
reliable.

8. On the twelfth day the
ineisor teeth erupt.

9. By the fourteenth day the
eyes are open, the ears start
to grow, and the mice begin
to eat solid food.

ot
—

2. How many mice were in the litter
observed?

3. Lactation is the period during which
the female nurses her young. What was the
lactation period for your colony?

4. What was the appearance of the mice

a) when they were born?
b) on the second day?
c) on the third day?

5. Did you ever observe milk in the

stomach?

6. When did the body covering (hair) appear?

7. At what age could you determine the sex

of the mice?

8. When were teeth observed?
9. At what age did the eyes open?

10. At what age do the mice mature sexually?
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10. As early as five and
one-half weeks and as late
as eight to ten weeks.
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Chapter II: GENETICS

The first person to discover the basic laws
of heredity was Gregor Mendel, who investigated
the pattern of inheritance in peas over one
hundred years ago. The results of his experi-
ments and the conclusions he drew from them are
still valid today. Before Mendel's results be-
came known, it was commonly believed that the
traits of an individual were a blend of the
traits of his father and mother. This idea is
common even today and is expressed in such terms
as "mixed-blood." Mendel's great discovéry was
that the idea of blending is inaccurate and that
even though blending may seem to occur the con-
tributions of the mother and father remain
separate and distinct. In addition, Mendel
showed that most characteristics are inherited
independently of each other, so that offspring

have random assortments of their parents'

characteristics. It is as if one's characteris-
tics were obtained by shuffling a deck of cards
and dealing a hand, rather than by blending.

In the following experiments you will retrace

the steps which led to Mendel's conclusions.

References:

General Genetics,
Srb and Owen ; Freeman

Human Genetics,
Curt Stern ; Freeman

The New You and Heredity,
A. Scheinfield
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1t s recommended that
the analysis of the genetic
data from the mouse colony
take place as a elass dis-
cusstcn which leads to the
development of the Mendelian
model in the following
sequence :

1. The disappearance of
a P tratt in the F; and its
reappearance in the F2 is
most simply explained by
assuming the existence of
"factors" or "elements" or
"units" which can be masked
but which remain unmodified.
This leads to the concept of
dominant factors and recesaive
factors. The factors are
usually called genes.

2. The fact that it makes
no difference which parent is
black indicates that each
parent contributes equally to
coat color. The simplest
assumption is that each
tndividual receives one gene
affeeting coat color from each
parent.

A. - MOUSE GENETICS

You will be asked to make observations on
coat color and ear size for three generations of
mice from the mouse colony. These observations
constitute the data of a breeding experiment.
The first generation is called the parental
generation (abbreviated P). The ancestors of
one parent were consistently black and small-
eared while those of the other were consistently
white and large-eared. The second generation
consists of the offspring of the P mice and is
called the first filial generation (abbreviation
F1). The third generation consists of the
offspring of the Fy mice and is called second

filial or F, generation.

A.1 - Experiment: MOUSE GENETICS

Examine the Fy mice. What has happened to
the traits,white coat and small ears? Have they
entirely disappeared from F] or afe they present
in masked form? Does it make any difference if
the. solid black, small-eared parent is male or
female? Examine the F, mice. How do you explain
the reappearance of white coat and small ears?'
Do you observe any grey mice or mice with
intermediate sized ears? Determine the percent-
ages of white and solid black mice in the Fj.
Can you devise a scheme to explain both the

disappearance of white mice in the Fy and the
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percentage of white mice in the F,? Does the
same sort of scheme apply to ear size? ls there
any tendency for coat color to be associated with
ear size? Notice that new combinations of traits
appear in the Fy and F, generations. For
example, you should be able to find a white,
small-eared mouse in the Fp, as well as many

solid black, large-eared mice.
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X. Introduce genetic
notation. Use capital letters
for dominant traits and lower
case letters for recessive,
¢.g. B and b for black coat
and white coat or E and e for
large ears and small cars.
Introduce the term all. ..

An allele ic any one of
several altermative stat.s of
a given gene. Thus B and b
are alleles.

4. Develop model for coat
color assuming segregation of
alleles in gametes:

P BB x bb
gametes B and b

Fq Bb x Bb
gametes %Bkb and %Bkbh

F, %BB %Bb %bb
5. Apply model to ear
size.

€. JSrow coat color and
ear siiz are entirely inde-
pendent of each cther.

7. Generalized model.

8. Th: number of F, mice
witll prok.bly be too small
to give a good fit to the pre-
dicted ratios.

BB x ob
b b
B Bb Bb
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ERIC

Aruitoxt provided by Eic:

B b
BR | Bb
Bb | bb
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B. - PROBABILITY AND GENETICS

In most multicellular organisms the deve-
lopment of an individual requires the union of
male and female gametes, and both the production
and the coming together of the various possible
types of gametes takes place at randcm. Random-
ness is a chanc~ phenomenon allowing for variety
among species. For example, man has 23 pairs of
chromosomes in each bady cell. There afe 23
single chromcsomes in each spenﬁ and egg. At
fertilization the 23 hromosomes of the sperm
pair with the 23 chromosomes of the egg restoring
the original number of 46 (23 pairs). However,
since there is no pattern for the shuffling of
the chromosomes during sperm and egg formation
there are 223 (4,168,064) possible types of eggs
and sperms that can be formed by each female and
male respectively. Small wonder that no two

brothers or two sisters look alike (exrluding

identical twins)!

B.1 - Experiment: PROBABILITY

Obtain two pennies. Using a felt pen, mark
the head side of one J and the tail side j.
Similarly mark the head of the other D and the
tail d. Assume J = loose ligam-nts, j tight
ligaments, D = dimples, and d = no dimples as

in humans. In the tossing of a coin the chances

(V)
-

Materials and Equipment
2 pennies (or other like
coins) for each pair of
students
marking pen

The traits suggested here
are described more completely
in gec. D.2, Human Genetics.
Students will engage them-
selves in this problem more
enthusiastically when working
with human traits than with
those of mice, corm, our
fruit flies.
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that it will fall heads or tails are even,
fifty-fifty. Choose a partner and perform a
"breeding experiment" as follows: Flip each
of your coins. The result gives the genes for
double jointedness and dimples in a gamete of
parent #1. In the same way, your partner will
get t"e genetic constitution of a gamete of
parent #2. Combine the gametes to form an

individual and r- - ord the results in Table B.1.

Example:
Gametes of:
Parent #1 Parent #2 Resulting Individual
Coin #1 Coin #2 Coin #1 Coin #2 Genotype Phenotype
toss 1 J d J D JJdD double jointed,
dimples
toss 2 J d J d jJjdd not double jointed,
not dimples
toss 3 J D J d jJdbd double jointed,
dimples
Table B. 1

Genotype is the gemetic Each pair should make at least 20 tosses.

composition of an organism.
The alleles make up the
genotype. Phenotype is the
visible expression of the
genes. Individual 3 has
double-jointed thumbs and
has dimples, due to genes J
and D, which are dominant
over J and d.

How closely do your results agree with
expectation? Now pool your results with those
of the other pairs and again compare the results

with expectation.
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Gametes of:

Parent #1

Parent

#2

Resulting Individual

Coin #1 Coin #2

Coin #1

Coin #2

Genotype | Phenotype

toss

toss

toss

toss

toss

toss

toss

toss

toss

toss

tosc

tess

toss

toss

toss

toss

toss

toss

toss

toss

Table B.2
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You have now arrived at the theory of
heredity as it was originally developed by Mendel.
He argued as follows: Each characteristic of an
individual is controlled by a pair of factors
(genes); one gene of the pair comes from the
father and one from the mother. When the

S individual forms gametes, only one gene of each
pair goes into any one gamete (meiosis). Which
member of a pair goes in is entirely a matter of
chance, so half the gametes will have one member
and half will have the other member of tﬁe pair.
In addition, some genes are dominant and some
are recessive. By these hypotheses Mendel was
able to explain his results in crossing peas,
iust as you have done with mice. Of course not
all traits are inherited in such a simple
fashion. Often several pairs of genes are in-
volved in producing one trait. For example,
this seems to be true of skin (6lor in humans,
where it has been suggested that five pairs of
genes cooperate to produce the many different
colors of skin found among humans.

Mendel did not know anything about the
nature of genes nor why only one member of each
pair goes into a gamete. We now know that genes
are found in the chromosomes of cells and that

very precise mechanisms exist to ensure that
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the chromosomes are properly distributed to
daughter cells during cell division. Moreover,
chromosomes exist in pairs, andlwhen gametes are
formed only one member of each chromosome pair
enters a gamete. The behavior of chromosomes
and the fact that genes are in the chromosomes
explains Mendel's results.

We also know that genes are specific por-
tions of exceedingly long molecules of a sub-
stance called DNA, and that the DNA is found in
the chromosomes. Each body cell of a human
being, for example, has 46 chrémosomes; and
each chromosome has enough DNA for several
thousand genes. As far as we know, all of the
hereditary traits of a person are controlled by

these genes.

C. - HUMAN GENETICS

As was suggested before, the principles
discovered by Mendel apply also to human beings.
Of course, it is not possible to carry out
breeding experiments with humans, but by
collecting observations on family trees and on
populations it is possible to learn something
about human inheritance.

Examination of pedigrees of individuals
who are in some way different from the average

often shows that the difference is inherited in
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Homozygous means two alleles
are alike; both are dominant
or both are recessive.

Heterozygous refers to a pair
of unlike alleles, where one
is dominant and one is
recessive or where two un-
like dominant genes are
paired, as in blood type AB.
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a Mendelian fashion. For example, certain indi-
viduals are albino--that is, they are unable

to manufacture the pigment melanin, which is
normally found in the skin, hair, and eyes.
Albinos have white hair and extremely pale

skin, and their eyes are red or pink. Exposure

" to the sun is' extremely dangerous for an albino

because he has no pigment to protect him from
the ultraviolet rays of sunlight. Albinos can
be the offspring of normal appearing parents,
and they can have normal appearing brothers and
sisters. Moreover, about one out of four
children in such families are albino and the
rest are normal. These observations can be
explained by assuming that there ic 1 dominant
allele, A, which causes the production of
melanin, and a recessive allele, a, which cannot
bring about the production of melanin. An
albino, therefore, must be homozygous, aa.
Normal people must be either homozygous, AA,

or heterozygous, Aa. If an albino has normal
parents, then each parent must be heterozygous,
Aa. What proportion of an albino's brothers

and sisters would you expect to be heterozygous?

C.1 - PEDIGREE OF ALBINISM
In a diagram of pedigree the squares are

used to designate males and the circles females.



Horizontal lines connecting a square and a
circle indicate a marriage. The vertical line
leading downward from a horizontal 1ine leads
to another horizontal line from which other
vertical lines lead to individual offspring.

The Roman numerals indicate generation.

A PEDIGREE OF ALBINISM

1 () | C 3

O 0 B O
=l O

- or ‘ = Albinism
-0

Normal

".z - Exreriment: HUMAN PLCOD TYPES
Another set of alleles in humans which
has been extensively studied is the genes

controlling human blood types. These genes
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Materials and Equipment
stertle disposable lancets,
one per gtudent
clean glass glides, two/
student
alecohol
cotton

53



54

glaas-marking penctls determine the chemical v:ioiuie of i1 <uiface
anti-A serum

anti-B serum of the red blood cells. One such group of
toothpicks '

alleles is the ABO group. The A and B alleles
are dominant while 0 is recessive. Each person
has. two of the three possible alleles, one from
each parent. Therefore, six combinations may
occur, resulting in the four known ABO types.

They are as follows:

28 Type A blood
gg Type B blood
AB Type AB blood
00 Type 0 blood

People with type A blood have the A sub-
stance on the surface of their red cells and
anti-B substance in their blood plasma. People
with type B blood have B substance on their
red cells and anti-A in their plasma. Similarly,
type AB blood has both A substance and B sub-
stance on the red cells and no anti-substance
in the plasma, while type O blood has no
substances on the red cells and both anti-A
and anti-B in the plasma. Blood cells with
A substance on their surfaces (A o AB) will
clump together if they are placed in the
presence of anti-A; those with B substance

(B or AB) will clump in the presence of
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anti-B; while type 0 blood cells will not
clump in the presence of either anti-A or
anti-B. In tregasfusions, in order to avoid
the forma2tion 5f clumps in the blood vessels
of the recivient, it is necessary to "match"
the bload of the donor and the recipient.

You will be asked to détermine your own

blood type according to the following
procedure.

1. Clean your little finger with alcohol.

2. Puncture your finger with a sterile
lancet and collect a drop of blood on
each of two slides. Press sterile
cotton on the finger to stop bleeding.

3. Mark the slides “A" and "B" respectively.
Immediately mix a drop of anti-A serum
with the blood on slide A and a drop of
anti-B serum with the bload on slide B.
Use separate toothpicks to mix the
drops.

4, After mixing, look for signs of
clumping of the blood.

5. The pattern of clumping will depend on
the type of blood you have. Obtain
your blood type from the following
table:

65
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Clumping with:

Anti-A Anti-B Type
yes no A
no yes B
yes yes AB
no . no 0

What are the frequencies of the four
blood types in your class?

We cannot directly determine the genotype
of an A or a B blood type person because we
have no known means to determine the second
allele which is carried. It may be an identical
allele or the recessive 0 allele. On the other
‘hand, we are sure of the genotype of those
people with either 0 or AB blood. However, we
can often determine the second allele of an A

~or B blood-type person by examining the blood

type of his parents and/or children.

D. - GENETIC DISEASES

No one knows for sure how many genes a
human cell has in its chromosomes. There is
enough DNA in the chromosomes of a cell for
about 10,000,000 genes of average size, but
there are reasons to believe the actual number

of different genes is closer to 1,000,000 in .
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humans, or perhaps fewer. The only qenes which
tan be identified by genetic crosses are those
which can exiot in alternative forms or alleles.
There are experiments which indicate that only a
minority of gcnes can occur in alternate forms.
Therefore, it should be kent in mind that
geneticists can study only a small fraction of
the total number of k ‘an genes.

The most common class of identifiable human
genes is tne tyre where one allele is normal and
carries out its function and the other allele is
defective and does not carry out any function.
An example of this is albinism, where a person

who is homozygous for the defective allele, a,

~ cannot produce the pigment melanin, while a

person who has even uae normal allele, A, can
produce melanin. If the function of a normal
2llele is essential to health or development,
then defective alleles, ff homozygous, will
cause disease or prevent normal development.
Thus, mar s genes iare detected only because they
are associated with abnormalities. Several
hundred "abnormal" genes are known at the
present time.

One well-studied example of a geneotic
disease is phenylketonuria or PKU. This
disease occurs in individuals who are homozygous

for a defective gene, p. The disease is
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Two films available from the
State Dept. of Pub. Heai*h
are: ‘

"PKU Detection in Oregon'
"PKU - Preventable Mental
Retardation"

E = large ear (normal)

e = small ear

B = golitd color (no:mal)
b = gpotted

Large fiuctuations in
frequency occur because of
small population size.

characterized by (1) a high level of
phenylpyruvic acid in the body, and (2) extreme
mental retardation. The mental retardation seems
to be caused by the presence of phenylpyruvic
acid in the brain during the early years of
1ife. Children with the normal allele, P, do
not have a high level of phenylpyruvic acid
because P produces an enzyme whose effect is to
reduce the level of phenylpyruvic acid. Child-
ren who are pp cannot produce this enzyme.
However, it is now possible to prevent the
mental retardation in pp babies by putting
them on a special diet which keeps the phenyl-
pyruvic acid level down. By the time a child
reaches age 6 either the missing enzyme or an
alternate enzyme route reduces the need for a
restrictive diet. This appears to be a matter
of maturation. The problem now is to detect
pp babies before any damage has peen done.
D.1 - Experiment: GENE FREQUENCIES IN
THE MOUSE POPULATION

Determine the frequencies of the genes B,
b, E, and e in the first and last generations
of your mouse colony.. Have the freguencies
remained constant? If they have not, what is

the most probable reason?
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D.2 - Experiment: HUMAN GENETICS

Study the following characteristics and
determine both your own phenotype and your
genotype, as far as possible. Of course, if
you show the dominant trait, it is impossible
for you to determine whether you are homozygous
or heterozygous, unless it is known that one of
your parents is homozygous for the recessive
trait. Where doubt exists express your geno-
type as, for example, A y if you show
the recessive trait yourself, the genotype could
be expressed as aa. Record your observations
in chart D.1. After recording all of your ob-
servations key yourself, using the table key on
page 64 . You should finally arrive at a
number corresponding to your phenotype.

1. Eye Color. The inheritance of eye
color is actually quite complex and the examples
given here have been oversimplified. In blue
eyes, there is no pigment in the front part of
the iris, so a person with blue eyes is
homozygous recessive for non-pigmented irises
(bb). The presence of pigment is controlled by
the dominant allele B. The amount and distri-
bution of pigment may be controlled by a series
of alleles associated with this locus or, at

least in some cases, by other genes, thus
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Class averages of the
data might elioit discussion
on human traits, ineluding
sex-linked troite such as
hemophilia and red-green
color blindness.
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resulting in varfous concentrations of pigment

producing eye colors ranging from hazel, green,
and gray to'prown and dark brown. For simpli-
city, we shall recognize BB and Bb as brown
eyes and bb as blue eyes.

2. Taste Test. Secure a piece of paper
which has been scaked in phenylthiocarbamide
(PTC). FPlace it in your mouth and chew it.

Do not swallow. Nontasters taste nothing, but
tasters report a bitter taste. The ability to
taste PTC is dominant, so both the homozygous
&ominant (T}W and the heterozygous (Tt) are
tasters and the homozygous recessive (tt) is a
g nonta§ter.

3. Ear Lobes. The lobes of the ear either
are attached throughout their length to the
side of the head (adherent) or they hang free
(pendulous). The pendulous condition (PP or
Pp) is dominant; adherinc lobes (pp) are

recessive.

Attact.ed Not Attached
4. Mid-digital Hair. The absence of

hairs on the middle segments of the fingers is
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a recessive trait (mm). The presence of hair
on one or more of these segments is controlled
by a series of alleles, all of which are
dominant over those controllini the absence of
hair. For our purposes we will 1izip all of
these alleles into a single dominant (M) which

will indicate the presence of hair (MM or Mm).

Hair . Absent

5. Bent Little F1nger.° The terminal
joint of the 1ittle finger may be straight (ff)
or bent toward the ring finger (FF, Ff).

6. Double-jointed Thumbs. The conditicn
of loose 1igaments, which permits the thumbs to
be thrown out of joint, is also genetically
controlled. Loose ligaments (JJ,Jj) are
dominant over tight ligaments (jj).

7. Dimples. The presence of a dimple
(or dimples) (D) in the cheek(s) is dominant
over the lack of dimples (d).

8. Freckles. The presence of freckles
(S) 1s dominant over the absence of freckles

(s).
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9. .Tongue Rolling. The ability to roll
the tongue into nearly the shape of a tube (T)
is dominant over the lack of this ability (t).

10. Widow's Peak. The presence of a
widow's peak where the hair descends on the
center of the forehead (H) is dominant over the
lack of this configuration (h).

11. Right-handedness is dominant over
left-handedness.

12. Sex in Mammals (including man).

The sex of the ind‘vidual {s determined by a
special patr of chromosomes. Females have two
"X" chromosomes of equal length, whereas males
possess one long "X" and one short "Y"
chromosome. Therefore, it is the male sex cell

that determines the sex of the offspring.
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Student's Record of Certain Hereditary Traits

Trait Phenotype |Genotype Trait Phenot pe iﬁenotype
Eye color Sex !
PTC tasting Double-jointed
thumb
Ear lobes Dimples
Mid-digital Tongue rolling
hair

Bent little finger Widow's peak
Blood group Handedness

Freckles

Chart D.1.

/3
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PHENOTYPE
Bent Little | Phenotype [ Class Distri-
Eye Color | PTC |Ear Lobes | Mid-digital Hair Finger Number bution
M__ F 1
P__ ff 2
mm F 3
T ff 4
M__ F 5
PP ff 6
mm F 7
B ff 8
M F 9
P__ ff 10
mm F 1k
tt ff 4}%
M F
PP ff 14
mm F 15
ff 16
p M_ F 17
— ff 18
mm F 19
T ff 20
M F 21
PP — ff 22
mm F 23
ff 24
bb " > W F 25
— ff 26
mm F 27
119 — il 28
F 29
PP — i 30
mm F ' N
ff 32

Table D.1

\‘.
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E. - GENETICS OF POPULATIONS

So far we have been considering the pattern
of inheritance within families. Now that we
know something about the underlying mechanics of
heredity we are in a position to apply our
knowledge to the next higher level of complexity,
namely inheritance in a population of inter-
breeding individuals. Any natural population
consists of individuals who are more or less
different from each other geneticé]]y. Thus a
given trait, such as coat color, may be variable
in a population; some individuals may have a
solid color coat and some may be spotted.

This means that within the population there are
at least two different alleles for coat color.
Some individuals will be homozygous for solid

coat, some will be homozygous for spots, and

some will be hybrid. The same may be true of hysrid = heteroayg. s

other traits in the population. The sum total
of all the alleles present in a population is
called the gene pool of the population.

The main problems of population genetirc
are to find out which alleles are in the gene
pool, what their frequ.ncies are, and how their
frequencies change under various conditisns.
From earlier studies you know that the mice in
yeur colony that are so’id color carry a

dominant allele B __ , whereas those who are
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not solid color are homozygous recessive bb.

Suppose that after counting the offspring
in the F1 generation of mice you found 1C solid
color and 3 spotted. By simple calculat in you
could determine that of the 13 mice in tre Fy

~77% are solid color and 23% spotted. -c¢u do not,
however, know whether the solid color sice are
homozygous (BB) or heterozygous (Bb).

Since you do not know what prcoor!ion of
alleles are B, call that proportica: u. The
symbol p is just a way of expressing any oro-
portion or any per cent. It might s:2and Fo~ 7,15,
or 0.77, or 0.90. You do not know the per ccni
of b alleles, either, so call that per cent: or
proportion q.

One thing should become ripurent: if you
add together all the B and b a’'eles, you get
100% or 1. That is, the frequency (per cent) of
B alleles (p) plus the frequency (per cent) of b
alleles (q) equals 100% ov 7. Consider the

examples below:

[_jf p_is then q is ani p + q =
.15 .85 1.00
77 .23 1.00
.90 .10 1.00

In each case, when p and q are added together,
the total is 1. If you know the frequency of
either p or g, you automatically know the

frequency of the other.

-3
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To find the frequency of one allele, let

us return to the concept of the gene pool
mentioned in a preceding paragraph. As there
is no reason why alleles should be distributed

differently among males and females of the

population, assume that their frequencies are The existence of sex
. linked characteristics such as
the same in both sexes. Of all the sperm cells hemophilia may at first seem
) : to negate the idea of even
in the gene pool of the population, p of them distribution of alleles.
. Hovever, if the terms pheno-
will carry the B allele and q of them will type and genotype are kept
: clearly in mind the doubt
carry the b allele. Likewise, of all the egg which may surround the idea

. of even distribution disappears.
cells in the gene pool of the population, p of

them will carry the B allele and q of them

will carry the b allele (see chart below):

Frequency of B Frequency of b

Sperms ) q

Eggs p ' q

Now think of these p and q values as
probabilities. If a gamete were drawn at
random from the gene pool, the prébabi]ity of
getting a B allele is p. Thus if 0.10 of the
alleles are B, the probability of drawing a B
allele 1s 0.10.

Using this information it is possible to
deternine what proportion of a given generation
of mice will be BB, Bb, or bb. Recognize
that the particular kind of sperm that

fertilizes a particular egg depends only on
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this: the frequency of that kind of sperm and
the frequency of that kind of egg in the
population.

In order to determine what proportion of
the next generatiori will be BB multiply p x p
= p2, Likewise, to determine the proportion
of bb's multiply q x q = qz. In determining
what proportion of the next generation will be
Bb the student should recognize that Bb can
result from two kinds of events: B sperm
fertilizing b eggs (Bb), and b sperm fertilizing
B eggs (bB). Each of those events has a pro-
bability of p x q, or pq. Since there are two
ways that the event can occur, the probability
is doubled (=2pq).

From the above it becomes apparent that a
generation of mice will consist of p2 offspring
with the genotype BB, 2pq offspring with the
genotype Bb, and q2 offspring with the genotype
bb. All possible genotypes are symbolized by
BB, Bb, or bb, and these genotypes are repre-
sented by p2 (BB), 2pq (Bb + bB) and q2 (bb).
Adding p2 + 2pq + q2 yields 1, where 1"
represents all of the individuals in a
generation.

The discussion so far is an application of
mathematics to a biological problem, populatien

genetics, and is referred to as the Hardy-

e



Weinberg Law. The Hardy-Weinberg Law simply
states that the frequencies of the different
kinds of zygotes remain the same generation
after generation, if the following conditions
remain constant: (1) no mutations, (2) no
changes in gene frequencies, (3) no introduction
of new genes into the gene pool, and (4) random
mating.

Another way of stating that frequencies of
the different genotypes remain the same from
generation to generation is to say that the

population is in genetic equilibrium.

The student should now be able to apply
the Hardy-Weinberg Law to the generations of
.mice. Recall that 77% of the F] mice were black
and 23% white. 77% of the mice must therefore
be BB or Bb, and 23% of the mice bb, since the
allele for black color is dominant. Knowing
the value of q2 you should be able to find the
value of q, which is the frequency of the b
allele in the population.

In the hypothetical case of mice, q2 has
a value of 23% (0.23). By taking the square
root of 0.23 you get q=0.47. This implies that
the frequency of the gene b in the mouse
population is 0.47.

Recall from the chart on page 66 that by

knowing the value of p or q the student can

Y
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F, BB Bb bb

\J 0.28 0.49 0.23 .

Egg Sperm

B b B b °
0.53 0.47 0.53 0.47

Fo- BB Bb  bb
0.28 0.49 0.28

The giudzwt ghould be able
to show the stability of the
gene frequencies in the Fo F,
evo Dy using the checker
board shown above, It is
unportant the frequency of
gene B and b be uged in the
determinations,

easily determine the value of the otHer. since
p+q=1. Therefore, the frequency of p in
the mouse population is 0.53, or 53% of the
alleles in the gene pool are dominant for the
S1ack trait. The following two questions can
now be answered. How many mice are homozygous
dominant (BB) for black coat color? How many
mice are heterozygous Bb for coat color? The
answer for the former question is p2 =(0.53)2 =
0.28; and the answer for the latter question is
2pq = 2(0.53)(0.47) = 0.49. Therefore 28%
of the mice in our hypothetical Fy generation
are homozygous BB and 49% heterozygous Bb. -
The following char. summarizes the
calculations of the distribution of phenotypes

in the mouse populations.

Black coat color | White coat color
BB + Bb bb
p2 + 2pq q?
.28 + 2(0.53)(0.47) .23
.28 + .49 (.23)
.77 (.23)

In this example, the proportion of black
ccated to white coated mice will remain the
sime _2neration after generation. This result
indicate: that the population is in equilibrium

with respect to the above traits.
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Exercises for Home,_Dgsk,_a?q4Lqp‘fH9L)
Examples: (1 and 2)

(1) If a man with A type blood marries a
woman .of O type blood and they have 5 children,
all of blood type A:

(a) What is the most probable genotype

of the man?

(b) What is the genotype of the woman?

(c) Of the children?

(2) A friend of yours has B type blood.
He knows his mother has 0 type blood.

(a) Immediately, you know the genotype

of his blood is?

(b) What genotypes of blood might his

father have?
With this basic information, find probable
solutions to the following genetic problems:

(3) What blood types might possibly re-
sult in children of a family whose mother has
B blood and whose father has AB blood?

(4) Suppose a father of blood type A and
a mother of Type B have a child of type O.
wh;t types are possible in their subsequent

children?

ol

The student should recognize
that heterozygotes allow for
randomness of both genes.

(1a)

(1b)

(le)

(2a)

r2b)

00

AO

BO

BB, BO, AB

B A B

B| AB|BB] B | AB]|BB

p|aB| BBl o [av]ro]

AB, B, or A blood types might

result.

(4) AB, A, B, or 0O
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(5) Suppose a father of type B and a

(&) .
B v - mother of type O have a child of type 0. What
0 BO 00
Y 00 are the chances that their next child will be
Chances of 0 blood = 50% t ?2 T B? T A2 T AB?
Chances of B blood = 50% ype 07 Type ype AT lype
Chances of A blood = 0% (6) Assuming you do not know the blood

Chances of AB blood = 0%
type of your future hus btand or wife but now know

yours after the blood typing lab, what blood
types might you possibly expect your children to

have? What blood types can't they possibly have?

(7)  They had their oum child. (7) Two type AB parents took home a newly
Two type AB parenis could not
have a haby with genotype 00. born type A baby from the hospital and decided it

was not their baby because it did not seem to
resemble either. They claimed another couple had
their baby. The other parents were both type A
and fook home a type O baby. If you were the
judge in this case, what would be your decision

in this dispute? Why?

(8) (a) No valid claim. (8) You are the judge in a case in which a
Type O l'lood s impossible

from ﬁ and AB blood type type 0 man claimed a $50,000 inheritance after
parentes.

the death of type A and type AB parents.
(L) Possille heir. Iype P yp P

B blood ts possible if B (a) What would be your decision?
allele of AB parent and 1)
allele of A parent combine. Explain.

{b) What if thc man had type B blood?
E.plain.
In the following problems, these hasic
notations will be used:
F{ means firsg generation

F2 means second Jeneration
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P, means parents of first generation.

Any small case letter means a recessive
gene. C(apital letters are dominant genes.

Phenotype means the physical or outward
appearance of an organism for a particular
trait (example: tall, green, or blue-green).

Geoovype means the actual two genes of an
organisn. 1tor a particular trait (example: Tt,
GG, or bb}).

{9) Cross a honozygous black guinea pig
with a homozygous thte‘guinea pig and determine
the offspring for the first and second

generations. Black is dominant.

In the first generation there are
black pigs, white pigs, hetero-

zygous pigs. In the second generation there are

_____ heterozygous pigs, homozygous pigs,
black pigs, white pigs, hetero-
zyqous black pigs, heterozygous white pigs,

____homozygous black pigs.

)

(sl O

~ Qs OO

biack F4
white [17
heterozyjous

- hzterozygous Fg

homozygous F.

black £q

white F.

heterozyjous black Fq
heterozygous white I,
homozygyous Elack Fg °
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(10) [ = long-eared (10) If a homozvyqous, lonq-eared rabbit
[ = short-earaed
was mated to a homuzygous short-eared rabbit,
Phuniohpes temotypes
! ) 0 what are the genotypes and phenotypes of F; and
(! () /
i 1 B Fo if long-eared is dominant?
/ 0 ]

Phenotypes:

___ Fy long-eared
__ Fy short-eared
_____F> long-eared

FZ short-eared

Genotypes:

heterozygous short

F1 homozygous short

F] heterozygous long

F, homozygous long

__ K heterozygous short

o F2 homozygous short

__F heterozygous long

Fo> homozygous long

(i1) W o= winged (11) Mate a homozygous wingless fruit fly

N o= oingless

to a fruit fly homozygous for wings; having

A wings is dominant. What are the Fy and F2
W
W phenotypes and genotypes?

o | W | W W
w MA) M ) w

g|<
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Students should write out
explanations of their pheno-
tupes and genotypes tn the
erosses.

(12) Explain and show how you would make

(1Z) Back-cross the unknown
tall eorm with a known homo-
sygous recesstve (short). If
cffspring are all tall the corm
was homozygous, but tf the off-
srring are only 50% tall the
parent corm was heterozygous.

a cross to determine if a tall corn stalk was

homozygous or heterozygous.

(13) A lobe-eared man and a non-lobe-eared

woman have 8 children of whom 4 are lobe-eared ,
(l¢) man = L1

woman = Ll

lobe-eared children = Ll

Non-lobe-eared ¢
chtldren = 11

and 4 are non-lobe-eared. What are the genotypes
of the man, the woman, thc lobe-eared children
and the non-lobe-eared children if lobe-eared is

dominant? Show your work.

(14) Normal-skinned heterozygous human x (14) 3:1 patio normal to
normal-skinned heterozygous human--what are the albino.
possible phenntypes and genotypes for albinism
in their offspring?

(15) Normal pure-bred garter snake x (15) F; = all normal-skinned

3 normal-skinned to
1 albino
F; = all dark (Dd)

albino garter snake--what are the phenotypes and

o
ge?otypes of Fy and F, for albinism? ¥l = 1 DD:2id:1dd
(16) What are the probable genotypes of (1) A = Normal skin
all people in this cross for albinism? = glblzz
Albino X Normal J
\l’ Aa
9 Normal Children
(17) What are the genotypes of all penple (17) Aa ‘i' aa  Aa i’ aa
in this cross for albinism? Aa j aa
Normal x Albino Normal x Albino 22
Normal X Albino
N
2 Normal
1 Albino
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(18) A family has 4 girls. What are the
chances that the next child would be a boy?

(19) If the frequency of babies born with
PKU is 1/10,000, what is the frequency of the
defective allele, P, in the population? What is

the percentage of normal people who are carriers?

P N e o0 000995995555S
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Chapter II1:

The most widespread cause of change in a
population is the introduction of new alleles and
their different rates of survival. New alleies
can enter a population when members of one popu-
lation interbreed with members of other popu-
lations, but if any new allele is traced far
enough back, it always can be shown to have
appeared suddenly by the change of a gene into
an aiternative state -- i.e., by tHe change of
Such a change is called

one allele into another.

gene mutation, or mutation, for short.

Mutations are one of the fundamental sources
of change in living things. Some mutations are
beneficial and some are harmful in a given
environment. Mutations from normal alleles to
defective alleles are alpost invariably harmful.
Thus, in humans a change of a normal gene, P.
to its defective allele, p, is a harmful mutation
since pp individuals can suffer mental
retardation. It is believed that all genes have
a very small but definite probability of mutating
to some other allele. On the whole, mutations
are random events and their occurrence bears no
relationship to the needs of the organism in

which tney appear.
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Species as used here,
implies a population of
individuals which are
morchologically alike, who
ean all interbreed, and who
do not naturally interbreed
or eross with other forms
in their environment.

Environmental factors can influence the
overall rate of mutation of genes. For example,
various kinds of radiation increase the rate of
mutation, and this is one reason why expostro
to x rays is kept to a minimum.

Thevother major cause of changes in the
gene pool of a population is connected with the
fact that different invididuc'- rave different
chances of Ssurviving and reprocucire in a given
environment. Biologists say tha% .. w individuals
are better adapted to their envirecrent, or they
say that the environment selects ini v:duals who
have certain combinations of genes. This process

js called natural selectisan. Mutation and

natural selection go hand in hand, and the
result of the two processes is that the popu-
lation becomes bette~ ::7d better adapted tov its
environment. If the cnvirvorment changes, then
the populatis: will tend to change also. Given
enough tim=. & species can change into an
entirely new species solely by the action of

mutation and selection.

A. - MUTATION AND SELECTION

A very simple model of the operation of
mutation and selection is providea by the
phenomenon of streptomycin resistance in bacteria..

Streptomycin is a poweriul antibiotic which
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rapidly kills ordinary bacter::. However,
ordinary bacteria have a ge: e which mutates at
g‘very lTow rate to an allele which makes the
bacterium completely resistant to streptomycin.
Any population of bacteria which is large enough
contains one or more streptomycin-resistant
bacteria. In the absence of streptomycin,
ordinary bacteria have what is called a selective
advantage because ordinary bacteria grow faster
than streptomycin-resistant bacteria. On the
cther hand, in the presence of streptomycin,
streptomycin-resistant bacteria have an
enormous selective advantage since all other
bacteria are killed. Notice that a given allele
may be beneficial or harmful depending on the
environment.

It is easy to select the streptomycin-
resistant bacteria in a population by exposing
it to streptomycin; it is more difficult to
piove that the resistant bacteria arose by
rando.” mutation and were already present in the
population pefore it was exposed to streptomycin.

In the following experiment we will confine

¢ ‘rselves to the easier problem.

A.1 - Experiment: STREPTOMYCIN RESISTANCE
Obtain two cultures of bacteria from your

teacher. Using the technique demonstrated by

89

During th'6s experiment
there are two periods of
watting for tie bacteria to
incubate. It is reasonable
to get a lot of the _aper
and pencil exercises donc
during this time.

1). Escherichii col. i~ a
natural inhabitant of ti.-~
human intestine,

2). Streptomy. n ia .t
harmful in this dosage.
However, neither is it
suitable for self-medication.

3). Theck to see if the

E. coli you get - : sus.eptible
to streptomycin.

Materials and Equipment

Difeco Nutrient Agar
Streptomyein sulfate
(2% solution)
Difeo Nutrient Broth
Sterile plastic petri dishes



30

Jtepllico oot
Sterlic teat tubeg
Jtepile plpoittea
Inoewdlaring luops

. R . .
Olant o Eooliepioh '@ col

If the streptoriye i
not aterlle, aldd a feo drops
of ehlorojorm, G NOT

AUTOCTAVE . T

Afeer tre nntrtone igar
fe oaterilined, Tt shonl { be
nelcd b A8 -850 T to keep 1t
melted witil use. The strer-
tomure ghou! T be g ded to
tne nelted i fter 1t has
zooled to &, AT 1 ml
atvepiomy Ui rev 100 ml agar.

The cultures provided to
the studence should consist
o & mloof nutrient broth in
a l8& mi orle veyer or in g
test tub Inoculated from the

It 75 possible you will
need to do this procedure more
rham ovoe; strep-resistant
E. colt 7s here.

(i) 1he proportion should be
avgqut ome resistant cell per
10" normal cells.

(2) The rariation should be
much greater than ordinary
sarpling ¢rror because the
proportion of mutants depends
on how early or late in the
history of the culture a
mutation occurs. If a mutation
oc2urs early, the prorortion
wtll be extremely high
because tiiere will be many
descendants of the o-iginal
mutant. Such a culture is
called a "jackpot" culture.

your teacher, pour the cultures into separate
petri dishes. Label one dish "without
streptomycin.” Carefully pour about 25 ml of
strentomycin agar into the streptomycin petri
dish and swirl the dish to distribute the
bacteria. Do the same to the other petri dish
using the agar without streptomycin. Allow the
agar to solidify. Incubate the petri dishes at
37° C for at least 48 hours. Examine the petri
dishes for signs of bacterial growth by holding
them up to the light. The dish without strepto-
mycin will show an almost opaque haze of bacteria
while the dish with streptomycin will have only

a few isolated colonies, consisting of strepto-
mycin-resistant bacteria. Each colony arose from
a single resistant bacterial cell which was pre-

If we assume
10

sent in the original population.
that the orig.nal culture contained 2 x 10
individual cells, what is the proportion of
resistant cells to normal cells? Compare the
number of resistant colonies in your streptomycin
dish with the number obtained by other students.
Can you suggest a reason for the wide variation
in number of resistant colonies from one culture
to the next?

Make two more agar plates with streptomycin.

Select a colony of cells from the streptomycin

plate and spread it on one of the new plates.
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Spread a film of cells from the plate without
streptomycin onto the second new plate and
incubate for 48 hours.

What do you think will happen when the
plates are incubated for 48 hours? It seems
evident that we can select pre-existing traits

to be perpetuated.

s -

Without S

g1
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A film cr. this sulject,
"Natural Selection,'" FBF, is
available. !reated are two
toptes, black vs. 1 “.te moth
survival and DDT-restistance
in mosquitoes.



Another study which may
be of interest is reported
in "Pigs in the Lavoratory,'
Setentifio American, June
1966, pp. 94 ff.

It increases frequency
of homozygous gene pairs.

"New Canine Breed Claims
Distinguished Ancestors,"
from Imprint, (University of
Oregon Medical Schoo., Winter,
1967).

A good student activity
might involve trying to
"Draw the Dog" with a field-
trip or visit to decide the
winner.

B. - ARTIFICIAL SELECTION

B.1 - Investigation: DEVELOPMENT OF A NEW BREED
OF DOG

In the following pages an account is given
of the application of the principles of genetics
to a specific praoblem - the development of a new
breed of dog which has certain desired
characteristics. In this process, man plays the

role of a selective agent. Furthermore, instead

of selecting those desirable combinations of
characteristics which appear only by chance,
man consciously chooses mating pairs so that the
process is greatly speeded up.

At first, several types of dogs were cross-
bred until the desirable traits were assembled
in one line of descent. However, crossbreeding

increases variability (why?), and in order to

S fix" or stabilize the new type, it was necessary

to inbreed for several generations. The term
inbreeding refers to mating cidse relatives.
Why does inbreeding tend to stabilize genetic
characteristics?

Current studies at the University of Oregon
Medical School provide the information used in
this section.

The decision to try to develop a new bre:d

stemmed from the need for a medium-sized standard
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taboratory dog for use in organ transplantation,
shock studies, and gastric physiology. Small
animals have been inbred and studied until it is
now possible to obtain healthy uniform animals

of known age, weight, sex, genetic background,
and characteristics. But investigators requiring
larger animals are forced to use pound dogs of
completely unknown genetic background, age, and
health.

Several colonies of purebred dogs have been
developed throughout the country for use in
specific projects. These include the Beagles for
radioiogica] research and drug testing and a
number of other breeds for nutritional, develop-
mental, and behavioral studies. Despite this,
no well conceived Tong term project to develop
a larger 1aboratory dog has been undertaken.

The Oregon team's first step was to decide
winich traits such a dog should have. They
decided upon these specific characteristics:
genetic uniformity, large litters, early
maturity, stress resistance, 35-40 pound size,
easy to care for, gentleness, trainability, short
hair and 1ight skin (for dermatology studies),
short or curly tail (grooming and cage cleanliness),
quietness, and cage tolerance.

First they studied various existing breeds

to see if any met these established criteria.
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Interest in the Fox Hound was offset by the fact
that they were almost nonexistent on the Pacific
Coast.

The animal care team found that the Bull
Terrier, or Pit Bull as it is often called, has
many characteristi;s they were looking for -
short hair, weight about 50 pounds, broad chest,
and a reiatively short tail. But the disposition
of the breed worried the researchers.
Historically, the Bull Terrier was bred as‘a
fighting dog and the team felt they might face
problems if they housed more than one dog to a
run.

When their search failed to turn up an ideal
dog among existing breeds, they began choosing
the purebred stock to use in developing a new
breed.

They found the Labrador Retriever had more
of the desired traits than any other of the
readily available breeds. The Labs originally

came from the West Coast of Newfoundland, where

they were prized as fearless water dogs and re-
trievers as edrly as the beginning of the 19th
century. This was a good trait for Oregon's
damp climate.

Selected specimens of the breed had been
taken by trading vessels to England, where most

of them were bought by wealthy persons to breed
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and use a5 retrievers. Standards were <et and
the breed carefully improved by viqorous culling.
Av o reult, almost all pedigreed Labradors can
be traced to a very few well-known dogs.

Furthermore, the Lab is the only breed which
cannot be made a bench champion without at least
a working certificate in the field. This means
they must retrieve ducks and pheasants under
fire. As a consequence, they have never been
bred indiscriminately for conformatior without
reqard to strength, endurance, temperament,
intelligence, and trainability. The outcome of
these partly fortuitious and partly far-sighted
occurrences is that many of the best specimens
of the Labrador have very high coefficients of
inbreeding and yet have not lost the admirable
gualities for which they are well-known.

At about the same time the Lab was chosen
as the base breed in the Oregon program, a
prominent Portland woman whose hobby was breeding
top Labs decided to close her kennel. The
Medical Research Foundation of Oregon purchased
these dogs for the Medical School. This was
particularly fortunate, as they were abie to
start the colony with Some of the country's
finest stock.

While generally quiet the Lab is not

“barkless," nor does it have a short or curly

QO
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tail. In an attempt to obtain these traits the
"barkless," curly tailed African Basenji was
chosen to cross with che Labs. Actually the
Basenji is not mute but it seldom barks, and
its vocalization comes out more like a chortle
or yodel.

Pictorial evidence indicates that these
dogs were known in Egypt five thousand years ago
yet ine breed has apparently changed very little
since that time. On engravings in tombs dated
3600 B.C., the Basenji is shown as a house dog,
attached to the chair of the master. From the
time of ancient Egypt until the middle of the
19th century, Basenjis faded into obscurity,
although evidence shows that deep in Central
Africa, away from Mediterranean civilization,
they were valued and preserved. Then around 1870
explorers returning from the Dark Continent spoke
about these unusual dogs.

The first Basenjis are reported to have been
brought into the United States about 1937, and
the breed was given American Kennel Club

“recognition in 1943.

Uniike most male dogs, the Basenji is capable
of breeding cnly during a short period each year,
usually from September to December. The Medical
School hopes to overcome this drawback by

establishing a frozen sperm bank for artificial
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insemination.

The results of these Lab-Basenj{ breedinqs
were encouraging to the UOMS team. Most of the
pups had -some curl in their tails and tended to
bark much less than the purebred Lab pups.

Next, to retain size, further develop the
curly tail and broad chest, and try for lighter
skin, another historic breed--the Samoyed--was
introduced into the line. |

Since the Lab is a relatively new breed,
the group felt it was important to include
ancient breeds with a background of hundreds
of years of pure breeding and consistent genetic
background for the remainder of the breeding
stock.

The Samoyed gets his name from the partly
nomadic Samcyed tribes of northwest Siberia.
For ceﬁturies the Samoyed has been the faithful
servant of his primitive owners. Sled dog,
guard dog, shepherd of reindeer, the Samoyed is
energetic and tireless. He is capable of pulling

one and a haif times his weight even under the

most difficult conditions of weather and terrain. -

The fourth and final breed chosen was the
Greyhound, another of the breeds that has an
authentic history of over 5,000 years. This
dog has long been associated with royalty. Under

the laws of Canute, King of England and Denmark
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in the eleventh century, no person below the
rank of fientleman was permitted to own a
Gireyhound.  Its popularity in many countries for
thousands of years is apparent by the numerous
carvings, statues, paintings, and tapestries
showiny it in the company of kings, noble-, and
huntsmen.

Its short, smooth, firm-textured coat, its
stamina, and its weight of around 65 pounds
favored its inclusion in the program. But more
important for a research breed, the Greyhound has
very large blood vessels.

The project is developing well, with each
generation showing more and more of the desired
characteristics. By now the researchers can
predict success. Within a few more qenerations
they expect the new type of dog to breed
relatively true (i.e. be homozygous for most
genes).

Detailed records are kept on each dog in
the breeding colony, including when the bitches'
oestrous cycles occur, how long they last, and
the number of puppies per litter. Nutritional,
environmental, and genetic background is main-
tained on all dogs.

Records on puppies born in the colony rival

those pediatricians keep on babies. Pups are

89

The dogs developed as
breeding stock are about
40% Labrador Retriever, 40%
Basenji, 10% Greyhound and
10% Samoyed.
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weighed once a week for the first 12 weeks, then
once each month until they reach maturity. To
establish a base line blood tests are done on
each pup every three months.

When the pups are eight weeks old they
undergo a series of weekly tests whjch were
designed by Guide Dods for the Blind. These
tests include such tasks as fetching, sitting on
command, following moving objects, and coming
when called, as well as the observations of
their response to noise, to being put on a wire-
mesh floor, to having their ears and toes gently
pinched, and their tails petted. Results of the
these tests, showing which of the pups are most
intelligent, best tempered, and most sensitive,
assist the animal care team in planning future
matings.

Because a dog's future reaction to humans
is determined by its experiences at three to
twelve weeks of age, all personnel at the farm
are encouraged to handle and play with the young
pups as much as possible - a chore that takes
little urging.

At six and nine months the young dogs are
graded according to the established standard
of desired characteristics. The team {s en-
couraged with over-all results to date. Dogs

of the newly developing breed bark very little,
£00



their tails are beginning to curl, their hair
is short, the skin is fairly light, and
socialization with humans is good.

The public relations aspect of such a dog
breeding program was demonstrated recently when
one of the nation's leading dog clubs, the
Ventura County (California) Dog Fanciers Associa-
tion, sent the School a check in support of the
program. Association President Jim Henderson
said,

"The importance of dog-breeding programs
to dog lovers lies in the fact that the faster
animal research colonies around the country
become self-sustaining, the less will be
the schools' need to depend on dog dealers or
to buy pound animals. Those men who steal dogs
to sell to unknowing research institutions will
be forced out of business, because there will
no longer be any market for their animals."

Commenting on the gift the team leader
said,

"To my knowledge this is the first time
such a group has done this. This is most
encouraging to us in the field who are vitally
concerned with providing healthy animals for
medical research and giving these animals the
finest care possible."

B.2 - OTHER EXAMPLES OF ARTIFICIAL SELECTION

Man has been using procedures like this
for a long time--selecting the parents of future
generations. Horses have been selected for
speed, power, Or appearance; various breeds of

dogs have been developed for varying traits.

Man has improved corn so much that it has
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developed from about 50 kernels per ear to what
you now find 1in grécery stores with about 50
kernels per row.* All our commercially grown
fruits and vegetables are the products of
selection. Wild types of citrus fruits, for
example, when compared to cultivated types are
found to have thicker, coarser skins, less juice,
and far more seeds. In Oregon, agriculturists
have developed many fine kinds of cane berries

based on the old, wild blackberry.

C. - DEVELOPMENT OF THEQRIES OF CHANGE

The question of how such new forms may have
arisen without the aid of man has stirred the
scientific community for years. In western
culture the concept uf evolution is at least as
old as the Greeks. Before Darwin's time men of
the scientific community had constructed models
to explain the mechanisms that produce change.
However, evolution models before Darwin's proved

unsatisfactory.

*With all this improvement, corn has lost the
ability to survive. Without man to strip away
the husks and plant the seeds, it has been pre-
dicted that extinction would occur in

approximately 5 years.
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One theory was proposed by Jean Lamarck in
1800. He believed that traits, such as the
giraffe's long neck, can be inherited in a form
which has been modified by use or non-use. For
instance a giraffe who reached for years to get
the higher leaves from trees would elongate his
neck muscles and would pass on this trait
(elongated neck) to his offspring. The same sort
of development is seen in the body of a person
who exercises and works with weights in a body
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