The Cellular Basis of Repro
and Inheritance

In laboratories all over the world, biologists are studying cell division to try to under-
stand why cells divide, what determines when they divide, what happens during cell di-
vision, and why some cells divide and others do not. The process of cell division is
fundamental to inheritance, reproduction, growth, and development. Much of the inquiry
into cell division is basic research; but this research has immense practical importance be-
cause understanding cell division will enable us to understand cancer, birth defects, hered-
ity, and inherited diseases. This chapter concerns the connections among cell division,

reproduction, and inheritance.

Organizing Your Knowledge

Exercise 1

{Introduction - Module 8.3)

5 Review the concepts introduced in these modules by filling in the blanks.

“Like begets !__ L\ & .” This old saying means offspring look like
their parents. Technically, only offspring produced by 2__ASEXUAL reproduction
PNA from a

.

look exactly like their parents, because they inherit all their 3

single parent. For example, when an amoeba divides, its 4 DNA is dupli-
cated, and identical sets of 5 CHEONOEONES  (the structures that contain most of the
amoeba’s DNA) are allocated to opposite sides of the cell. The parent amoeba splits, and
the two daughter amoebas that are formed are genetically ©_TVENTICAL to each

YT RED

other and to the 7_MUTHEE cell.

Prokaryotes also reproduce asexually, via a type of cell division called

N - Most genes in a prokary ote are carrled on a single
DNA molecule, which is much 10 - and
in structure than the multiple chromosomes of eukaryotes. The
prokaryote rephcates its DNA and attaches the copies to different points on the plasma

14 m\

. As the cell grows, the chromosomes become separated. Finally,

the plasma membrane and cell 13 grow inward, separating the chro-
mosomes and dividing the cell in two. L1ke the reproduction of an amoeba, binary fission
produces daughter cells identical to the parent cell. Parent and offspring share identical

14 Qe NUMES , or sets of genetic information.

The offspring produced by sexual reproduction resemble their parénts but they
are not identical to their parents or to each other Sexual reproductlon begins with the

production of an 15 andal

, spec1ahzed cells

that join to produce an offspring. The egg and sperm fuse, and the 17_FERT 1
egg inherits a unique combination of genes from both parents. Through repeated cell

divisions, the fertilized egg develops into an organism with a unique combination of
traits—for example, a cat with long, gray fur or a human with blue eyes and freckles.

Thus, sexual reproduction produces 18 _V
sexual reproduction “like begets like,” but not exactly. -

76

N among offspring. Through

S

T .
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Exercise 2 ([Module 8.4)

Read these modules, and then test your knowledge of chromosomes by completing the
crossword puzzle.

_Across
TR cells have

\
mote chromosomes and
) genes than bacteria do.
5. Atypical __has
" about 3000 genes.

6. Chromosome dupli-
cation produces two sis-
ter .

8. A prokaryote has a
__simple chromo-
some. ) \

9. A chromosome con-
tains one long
molecule.

10. Chromosomes are

named for their affinity

to___ used in micro-
scopy.

11. Eukaryotic chromo-
omes involve more ____
molecules than those of
bacteria.

13. When a chromo-
some divides, one sister
chromatid goes to each
_ cell.

14. Proteins help deter-
mine chromosome shape
and confrol ____ activity.

W

e

Down

1. Sister chromatids are joined atthe ___.
The number of chromosomes in a eukaryotic cell depends on the ____
When a cell is not dividing, chromosomes form long, thin fibers called ____.
Genes in eukaryotic cells are grouped into ____ chromosomes.
Chromosomes are clearly visible only when a cellis ____
__ cells carry about 100,000 genes in 46 chromosomes.

NN



Exercise 4 -
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(Module B.6)

@ Before you do the following written exercises, check out the CD-ROM animation ofmitosis
8B—C and cytokinesis (8B). Then watch the video of cell division on the CD-ROM (8C).

Summarize mitotic cell division. Briefly describe the appearance and activities of each of

ol

.these cell parts during interphase and the four stages of mitosis. Include a simple sketch for

Interphase ~ Prophase Metaphase Anaphase

" Nucleus and
nuclear

e

envelope

Mitotic
spindle

BEEALS

oW

Chromosomes

YO MO NEL

AT

Cell size

and shape

Sketch

__This is a photograph of cells in an onion root tip, an area of rapid cell division. In which
stage of mitosis (or interphase) is each of the numbered cells?
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Exercise 6 (Module 8.6) ‘

Match the word or phrase on the right with the correct role in mitosis in an animal cell on

the left.
;7 A Where spindle microtubules attach to chromosomes 1. Metaphase plate
/ « | B. Move chromosomes A 2. Kinetochores
{ D /C. Pulled apart by spindle microtubules (3. Sister chromatids
\R w/”f D. Material around centrioles from which mitotic spin- © 4. Spindle microtubules ’
)

e

dle grows =
i/ 5. Centrosome
E. Chromosomes come to rest here during metaphase

Exercise 7 (Module 8.7) A

TN Read this module and then write a statement containing exactly 30 words (no more, nO
[/ ) less) comparing cytokinesis in plant and animal cells. (Writing exactly 30 words will force

E> ; you to think about the processes and choose your words cnrefullv It s fun to try it. )
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_Exercise 8 (Modules 8.8 - 8.11)
Review the functions of cell division and the factors that control it by filling in the blanks
= below.

i

Mitotic cell d1v1510n has several important functions. Some animals rely on cell
reproduction. Hydra, for example, produces buds that

d1v1s1on for 1_(AC
npfnrh me the parent and take up life on their own. Cell division is also responsible for

2 n’ oW , as seen in human embryos and plm lt roota In an adult human,

some cells, such as most®_\ & and 4 W EV cells, cease to di- ‘
vide. Others, such as cells of the IVALS cuv1de only if the organ is dam-
aged. Some cells, such as those on the surface of the®_ C¥\l and the lining ‘

(A _, are constantly being abraded and lost. These cells are
cell division. In each of these cases, the new cells have exactly the same
. and 107y : of chromosomes as the parent cells, because of

Y2
1;3” &e

chromosomes divide in the process of u_i

Growth, cell replacement, and reproduction require control of the rate and timing
of cell d1v1510n Much has been learned by studying cells grown in laboratory
' : Ceﬂa growing in a laboratory dish will divide only when in contact

P s ¥/
nv “f"i{

"y depen-

w1th asolid 13__Cy (¢, . In the body, this 14 g
dence may keep normal cells from dividing if separated from their normal surroundmgs

Cells will multiply only until they touch one another, a phenomenon known as
15

i3

/(I Apparently, cells rely on proteins called 16_dyowth 4 YCATLS for
division, and will stop dividing when cells are crowded and these substances are depleted.

e |

It appears that growth factors influence cell division by acting on the cell-cycle

804 k! , system, a set of protems that triggers and coordinates events in the

cell cycle The system automatically 18__ S0 s cell division at several major

checkpoints unless the “brakes” are overrldqen by go-ahead signals. There are check-

points in the G, and M phases of the cell cycle, but the most important checkpoint for
checkpoint. If a cell receives a go- -ahead signal, in

many cells is the 19
the form of a growth factor, at the G, checkpoint, the cell will proceed into the




.
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20 S phase of the cell cycle, replicate its DNA, and eventually divide.
(A growth factor probably acts on a cell by attaching to a 2!_22L¢ FTUR protein
in the cell membrane. This protein in turn generates a signal that acts on the cell-cycle
control system within the cell.) In the absence of a go-ahead signal, a cell will cease divid-
ing. Many of our cells that can no longer divide—22 "¢\ OF- IS 1€ cells, for exam-
ple—are stopped at the G; checkpoint.

Sometimes cells escape these confm‘ mechamsrns, divide-uncontrollably, and in-
vade other body tissues. These 23 Cancer cells can kill the organism. In cell
culture, they can grow without being attached to a solid surface, are unaffected by den-
sity- dependent inhibition, and are less affected than normal cells by growth factors and
ARUY! signals. Cancer cells can go on d1v1dmg indefinitely (unlike nor-
mal cells, which can divide in culture for only about 5 BY generations).
26_Fy) il and 27__ (RN PY) | slow cancer
. The anticancer drugs vinblastin and taxol pre-
COE 105 of the mitotic spindle.

by interfering with 28 { ,
vent cell division by disrupting the 2°

Exercise 9 (Modules B.12-8.13)

7. Fertilization and meiosis

i
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Exercise 10 (Module 8.14)

gg The animation of meiosis on the CD-ROM wiill help you understand this process.
Review meiosis by drawing in the chromosomes to complete this sequence of diagrams.

Some have been done for you. Label meiosis I, meiosis II, the phases of meiosis [ and IJ,
a pair of homologous chromosomes, two sister chromatids, and an example of crossing
over. To make you think carefully about meiosis, the diploid number is 6 in this example.
(Tt is 4 in Module 8.14.)
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Exercise 11 {Module B.15)
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/&\/Iztoszs

Compare mitosis and meiosis by completing this chart.

/7 P m««(

Meiosis

1. prodiuce [’/éféffj/’}jé"’f" ce P
ldent ca *f/fo Warenz-  Cell

Produces haploid daughter cells unlike parent cell

‘Involves one cell division

Fnvolvey 2

Produces two daughter cells

3 Podeppp 4 Ay gl ter ¢ LA

Chiowmeotvime  Pepara 14

& Srolev Chronp bty oF eack

Homologous chromosomes pair and then separate

.. [} i 2 7
Individual chromosomes line up 5. Ip Wier Jo &) !
at metaphase plate / "
No crossing over occurs 6. Cipse vg ety occi D p
- "
7. Q;rzm e 1%* Y alexial Needed for sexual reproductioh
s ¢ . . 4
EY ]}; o y,@/ ifi‘ a7 V
*
Exercise 12 {Modules B.16-8.1B)
,:;W'
Q Why don’t brothers and sisters look more alike or more like their parents? Several processes
8F that are part of sexual reproduction assure variation among offspring. See how these

processes contribute to genetic variation on the CD-ROM,

These modules discuéé~how orientation of chromosomes, random fertilizaﬁon/,ﬁaﬁd Cross-
ing over can lead to varied offspring. The diagram below shows the two-homologous
pairs of chromosomes in a cell with a diploid number of 4. Three different genes are also
shown. On separate paper, comfplete the sketches described in questions 1 through 3.

1. Show how two different orientations of the chromosomes during metaphase [ of meiosis could lead to

R

"

o

‘gamﬂr

the four different combinations of genes in gametes (assuming crossing over docs not occur). (You don’t

need to show meiosis step by step—just the outcome.)

2. Show how crossmg over could recombine genes on the larger pair of chromosomes producmg different

gametes.

3. How many different combinations of genes in gametes are possible if these two processcq happen simul-

taneously? Try to sketch all of them.
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Exercise 13 (Modules 8.19 - 8.22)

These modules discuss human abnormalities resulting from extra or missing chromo-
somes. Review them by completing this crossword puzzle. '

Across
§ 1. XXX females have
“imited but are

%

?therwise normal.
4. A woman with

/ only one X chromo-

/" some is said to have

____syndrome.

5. The Y chromosome
carries ____ genes than
the X chromosome.

7. The incidence of
Down syndrome in-
creases with the ___
of the mother.

8. Down syndrome
individuals are prone
to and
Alzheimer’s disease.

9. A single Y chromo-
some is eriough to pro-
duce .”

12. Nondisjunction re-
sults in extra or miss-
ing chromosomes in

15. _ is when mem-
bers of a pair of chro-
mosomes fail to separ-
ate during meiosis.

18. Most human off-
spring with abnormal
numbers of chromo-
somes are sponta-
neously ____.

21. Down syndrome is
the most serious com-
mon ____ defect in the
uU.s.

23. Pregnant women
over 35 years of age
are candidates for ____
testing.

25. In meiosisII,
chromatids may fail to
separate.

26. A ____is a photographic inventory of an individual’s chromosomes.
Down

2. A person with Down syndrome has number-21 chromosomes.

3. ____who are lacking an X chromosome are designated XO.

4. XXY or XXYY males have small ____ and feminine body contours.

6. In meiosis I, a pair of chromosomes may fail to separate.
10. If a sperm fertilizes an egg with an extra chromosome, the ____ will have an
extra chromosome.
11. Nondisjunction can alter the number of ____ chromosomes, as well as auto-
somes.

13. Chromosomal defects usually result from errors in .
14. Individuals with Down syndrome are usually mentally .
16. People with Down syndrome live -than-normal life spans.

17. Meiosis begins in a woman's ovaries before sheis ____ and is completed years
later.

19. An extra chromosome 21 is called 21.

20. A person with an extra number-21 chromosome has syndrome.

22. ___ of the eggs of a Down syndrome woman will have an extra chromosome.
24. An unusual number of sex chromosomes has _____ effect than an unusual num-

ber of autosomes.
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‘Exercise 14 (Module 8.23)

Chromosomes sometimes break, their parts can become scrambled, and abnormalities can
result. Match each of the diagrams of chromosome alterations with its name and a de-
scription of its effects.

~ Diagram , Name Effects

N

Names: A. Deletion
B. Duplication
C. Inversion
D. Translocation

Effects: W. May cause @fﬁronic myelogenous leukemia in somatic cells

. Least likely to have serious ‘offects, because genes are still present in normal numbers
. Likely to have the most serious effects, as in cri du chat syndrome ’

. A chromosome fragment breaks off and joins a homologous chromosome

N = X
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Testing Your Knowledge

Multiple Choice

1. There are a number of differences between fis-
_~ —_sion of a bacterium and human cell division.
“Which of the following is not one of them?
[ . A bacterium has only one chromosome.
k § h} . Duplicated bacterial chromosomes attach to

the plasma membrane.
\\M / c. Bacteria are smaller and simpler than
 human cells.
( d “Bacteria have to duplicate their DNA before
- d1V1d1ng
e. Human chromosomes are larger and more
complex.

2. You would be unlikely to see which of the fol-
lowing human cells dividing?

“a. nerve cell

. skin cell

.-cancer cell

. cell from an embryo

e. intestinal lining cell

o on U‘i‘,w

W

Which of the following correctly matches a
phase of the cell cycle with its descmptlon?
a. M—duplication of DNA

b. S—immediately precedes cell division

. G,—cell division

(doGy ,—immediately follows cell division
“e. All of the above are correctly matched.

4. Which of the following is not true of human so-

matic cells?
a. They arise by mitotic cell division
(b. They are haploid.

‘. They are body cells other than eggs and
Sperin.

d. They are larger and more complex than bac-
terial cells.

e. They contain 46 chromosomes.

5. In telophase of mitosis, the mitotic spindle
breaks down and nuclear membranes form.
This is essentially the opposite of what hap-
pens in

{a. prophase
b. interphase.
c. metaphase.
d. S phase.

e. anaphase.

6. Sister chromatids
a. cross over during prophase I of meiosis.
b. separate during the first meiotic division.

»

10.

fed
fresh

12.

(¢ C. are produced during S phase between cell
~ divisions.
d. cross over during prophase II of meiosis.
e. are also called homologous chromosomes.

Which of the following is not a function of mi-
totic cell division in animals?

a. asexual reproduction

b. growth

c. repair of damaged organs

/d. productlon of gametes

Te. cell replacement

Meiosis
a. is responsible for body growth and repair.
( b ‘halves the number of chromosomes in cells.

c. is the process by which the body produces
diploid cells.

d. follows mitosis and splits the cytoplasm in
two. :

e. is important in asexual reproduction.

Crossing over is
,;_‘a mportant in genetic recombination.
b. what makes a cell become cancerous.
c. a key process that occurs during mitosis.

d. an important mechanism of chromosome re-

pair.
e. what prevents cells from multiplying indefi-
nitely in cell culture.

Human _____ are diploid, and human
are haploid.
a. sex chromosomes . . . autosomes

b. autosomes . . . sex chromosomes

/. "somatic cells . . . gametes

‘‘‘‘ . somatic cells

. chromatids

e. chromosomes . .

. Which of the following does not lead to genetic

variability?
a. random fertilization
b. crossing over during meiosis
/¢ division of chromosomes during anaphase
" of mitosis
d. orientation of chromosomes during
metaphase I of meiosis

e. mutation

Most cells will divide if they receive the proper
signal at a checkpointinthe phase of the
cell cycle.

a.M
c. 5
d. G,
e. cytokinesis



13. Geneticists suspect that the extra chromosome
seen in Down syndrome usually comes from
the egg, rather than the sperm, because
a. eggs are produced so rapidly that there is

more chance for error.
b. Down syndrome is due to a dominant gene
in women, a recessive gene in men.
¢. most women inherit Down syndrome from
their mothers.
d. eggs are produced in much larger numbers
~ than sperm.
e meiosis takes longer in the ovary, increasing
“~"the likelihood of error.

14. Which of the following chromosomal alter-

ations would you expect to have the most dras-

tic consequences?

a. inversion /
b. duplication //
¢. translocation {
. . N
[ d. deletion
“e. aand b are equally the most serious

15. Disorders involving unusual numbers of sex
chromosomes show that “maleness” is caused
by the

. presence of an X chromosome.

. presence of an Y chromosome.

. absence of an X chromosome.

. absence of an Y chromosome.

. absence of an X chromosome and presence

of a Y ¢hromosome.

® oA n o

Essay

1. Explain why, strictly speaking, the-phrase
“like becrets like” applies only 0 asexual

D

Briefly describe mitosis’and cytokinesis and
state their-functions:

3. Describe ho{v\‘qar{cer cells differ from normal
body cells.

4. Comparemitosis and.meiosis. What are their
functions? Which produces haploid cells?
Dlplmd cells? What kinds'of cells undergo mi-
tosis and meiosis? What kinds of cells are pro-
duced by each? How many cells. are produced?

5. How might the genes on the 81ster chromatlds
of a certain chromosome compare with each
other and with the genes on the sister chro-
matids of the homologous chromosome?

©.
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6. Describe three aspects of sexual reproduction
that lead. to the production of varied offspring.

/
7. Explain how an error in meiosis-can cause a

baby to be born’ with an extra or missing chro-
mosome. N

8. About one in 700 babies born in the United
States possesses an extra chromosome 21, re-
sulting in Down syndrome. Why are few indi-
viduals seen who have extra copies of other
chromosomes?

Applying Your Knowledge
Multlple Choice

\,1 In certain fungi and algae, cells undergo mito-
/) sis repeatedly w1thout subsequently undergo-
‘ f / / mg cytokinesis. What would result from this?
e a. a decrease in chromosome number

b. inability to duplicate DNA

c. division of the organism into many cells,

 most lacking nuclei
(d. Iarge cells containing many nuclei

e. a rapid rate of sexual reproduction

A human bone marrow cell, in prophase of mi-
tosis, contams 46 chromosomes. How many
chromatids does it contain altogether?
46
.92
23
23 or 46, depending
prophase you look
e. 46 or 92, depending on when during
prophase you look
3. Which of the following is the most significant
difference between mitosis and meiosis?
a. Chromosomes are duplicated before mitosis.
b. Meiosis is not followed by cytokinesis.
“c¢Homologous pairs of chromosomes are split
“up in meiosis.
d. A spindle formed of microtubules moves the
chromosomes in mitosis.
e. Crossing over occurs in mitosis.

!\)

o T

on when during

4. If there are 22 chromosomes in the nucleus of a
toad skin cell, a toad egg would contain ___
chromosomes.

a. 22
b. 44
;'c 11
d33
e. 88
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5. Which of the following carry the same genetic
irlformaﬁon?

:;‘;sister chromatids

b. X and Y chromosomes
c. all autosomes
d. homologous chromosomes

e. all haploid cells

6. A cell biologist carefully measured the quantity
of DNA in grasshopper cells growing in cell
culture. Cells examined during the G, phase of
the cell cycle contained 200 units of DNA.
What would be the amount of DNA in one of
the grasshopper daughter cells seen in
telophase of mitosis? '

a. 50 units

/b100 units
“¢. between 50 and 100 units
d. 200 units
e. 400 units

7. What would be the quantity of DNA in one of
the grasshopper cells produced by telophase II

Al

A dva -
ne two Cnromaosomes

N o

a. carry identical genetic information at corre-
sponding locations.
b. carry information for the same characteris-
tics at different locations.
c. carry identical genetic information at differ-
ent locations.
( dft&,zarry information for the same characteris-
" tics at corresponding locations.

e. Any of the above is possible.

9. A picture of a dividing pigeon cell taken
through a microscope shows that the cell con-
tains 7 chromosomes, each consisting of 2 chro-
matids. This picture must have been taken
during
a. metaphase of mitosis.

b. prophase I of meiosis.

c. telophase II of meiosis.
/d. prophase Il of meiosis.
“e. telophase of mitosis.

10. A culture of mouse cells is treated with a chem-

ical that interferes with the activity of microfil-
aments. Which of the following will probably
be affected the most?

1

ek
N

i

G

1.

a. mitosis
b. chromosome duplication
c. pairing of homologous chromosomes

[ d-cytokinesis
. joining of sister chromatids at the cen-

tromere

A zoologist examined an intestine cell from a

crayfish and counted 200 chromosomes, each

consisting of 2 chromatids, at prophase I of mi-

tosis. What would he expect to see in each of

the four cells at telophase II of meiosis if he

looked in the crayfish ovary?

a. 50 chromosomes, each consisting of 2 chro-
matids o '

b. 50 chromosomes, each consisting of 1 chro-
matid

¢. 100 chromosomes, each consisting of 2 chro-

_matids ‘

;}}\%;1;1’;{)0.chromosomes, each consisting of 1 chro-

" matid
e. 200 chromosomes, each consisting of 1 chro-
matid

One chromosome of a homologous pair carries
the genes ] and K. The other chromosome of
the pair carries the genes j and k at correspond-
ing loci. Crossing over results in exchange of
chromosome segments and production of ga-
metes with new combinations of genes. A “re-
combinant”-type gamete resuiting from this
crossover might contain

~a. genes | and K.

.jgenes j and K.
. genes [ and J.
d. genes jand k.
e. genes Kand k.

Humans have 23 pairs of chromosomes, while
our closest relatives, chimpanzees, have 24.
Chromosome studies indicate that at some
point early in human evolution, two chromo-
somes simultaneously broke into a large por-
tion and a small portion. The large parts
combined to form a large chromosome, and the
small parts combined to form a much smaller
chromosome, which was subsequently lost.
This important chromosomal change could
best be described as
a. nondisjunction followed by deletion.

(b. ttanslocation followed by deletion.

« duplication followed by deletion.
d. translocation followed by inversion.
e. nondisjunction followed by inversion.

Bt e

g
b |




14. A karyotype would be least likely to show
which of the following?
a. an extra chromosome
b. part of a chromosome duplicated
-¢..a missing chromosome
/d. part of a chromosome turned around
“e. a translocation

Essay,

L Recéll how chemotherapy slows the growth of
cancerous tumors. Common side effects of
chemotherapy are hair loss, nausea, and loss of

appetite. Why do you think that chemotherapy |

has its strongest side effects on the skin and
lining of the digestive tract?

2. Most of the .grasshopper cells examined by the
cell biologist in multiple choice questions 6 ‘and
7 above contained either 100 or 200 units/of
DNA. Some of the interphase cells, howéver,
contained between 100 and 200 units. Explain
what was happening in these cells. /

3. A slide of dividing cells in an onion root tip
(Figure 8.11A in the text) is a “snapshot” in
time. Each cell is sifooped at the particular
point in its cell cycle when the slide was made.
A biology student examined such a slide under
a microscope. Out of 100 cells she caugh* in the
act of divi ’Jll‘t6, 52 were .Lll k}luyuabt, 8 in

metaphase 11in anaphase and 29 in

telophase. Assuming that the cells are growing
and dividing 'mdependent]j’z, what do these
data tell you about the phasps of mitosis in
onion cells?

4. A white blood cell from a female golden re-
triever was found to contain a total of 78 chro-
mosomes. How many different kinds (sizes
and shapes) of chromosomes would you expect
to find in the cell? Why?

5. The somatic cells of a mosquito contain three
pairs of chromosomes—two large ones, \two
medium-sized ones, and two small ones)One
large chromosome bears the A gene; its hgmo-
logue bears the a gene. One medium-sized'
chromosome bears the B gene; its homologue
bears the b gene. One small chromosome bears
the C gene; its homologue bears the ¢ gene.
Sketch cells at metaphase I of meiosis in the
ovary of the mosquito, showing the different
ahnnmﬂnts of chromosomes that are possible.

Extending You‘r Knowledge

The Cellular Basis of Reproduction and Inheritance 89

Then show how these lead to different combi-
nations of genes in the gametes. How many
dlfferent combinations are possible in the eggs?
In the sperm of a male mosquito with the same
genes, how many different gene combinations
are possible? If the male and female mate and
her eggs are fertilized with his sperm, how
many different combinations are possible in
the zygotes?

. One chromosome of a homologous pair carries

genes (J and R. Its homologue carries genes g
and r. Show how crossing over during meiosis
could produce gametes with new combinations
of genes. What combinations of genes occur in
parental-type gametes7 In recombinant-type
gametes?

. Which of the followiﬁg abnormalities in sex “

chromosomes would result in a predominantly
male phenotype? A predominantly female phe-
notype? Explain why. XXXY XXY, XYYY, X, i
XXYY

lmgs, if yogxhave any) appe&r to have inherited ‘E
rom your parents? Why don't you look exactly '
like your parents (or siblings)?,

. Do you know the warning signs of cancer?

Cancer is more common in older people, but
even r‘ollege students in their teens and twen- ;E
ties are not immune to its deadly \effects. Next !
time VOlf see a Cancer Society brochure or ad-

vertisement, it would be a good idea to read it.
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