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Meiosis

TEACHING OBJECTIVES

The following subject areas are illustrated throughout the Interactive Biology Multimedia
Courseware program, Melosis. |deally, these areas would be augmented with additional

course work outside of this program.

An examination of the differences between prokaryotic and eukaryotic cells and an
introduction to chromosomes.

An introduction to cell division in prokaryotes and an overview of the cell cycle and
mitosisin eukaryotes.

A comparison of sexual and asexual reproduction.
An overview of meiosis and an explanation of haploid versus diploid cells.

A detailed ook at beginning of meiosis |, including what occurs during prophase I, the
importance of synapsis, and crossing over.

A detailed ook at the completion of meiosis |, including metaphase |, anaphase |,
telophase I, and cytokinesis.

A detailed look at the completion of meiosis; meiosis|l.
An introduction to nondigunction and aneuploidy.

A look at gametogenesis, focusing on spermatogenesis and oogenesis in humans.
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Study Guide #1
PROKARYOTIC CELLS, EUKARYOTIC CELLS, AND
CHROMOSOMES

All living things are composed of cells.  Some organisms, such as bacteria, are made up of

only one cell, while others, such as yoursdlf, are made up of trillions of cells.

Although there are billions of trillions of cells found on the planet earth, there are only two
basic types of cells. Cells are either prokaryotic or

eukaryotic. Let'sfirst take alook at prokaryotic cells.

q In a prokaryotic cell, genetic materia - otherwise known as

DNA
DNA - isnot enclosed in amembrane. Instead, DNA in
prokaryotic cellsis found in the cytoplasm. Cytoplasmis
the thick, watery substance held inside of the cell by a cell membrane or cell wall.

Bacteria, which are single-celled organisms, are prokaryotic cells.

In a eukaryotic cell, genetic material is found Eukaryotic
inside of a membrane bound structure called the Nucleus

Muchear Enveleps
(e LTS R A Y

nucleus. Prokaryotic cells also contain severdl

other types of membrane-bound organelles, which ~ G¥tawiasm

are found distributed throughout its cytoplasm. Bvind Drganelies <
Eukaryotic cells are the basic units of
multicellular plants, animals, and fungi. Many
single-celled organisms, such as amoebas and
some algae are eukaryotic organisms. So remember, while al bacteria are prokaryotic,
not al single-celled organisms are prokaryotic. There are millions of single-celled

eukaryotic organisms found on our planet.
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Prokaryotes have one main DNA molecule. I1n prokaryotes, DNA is compacted along
with proteinsinto asingle, circular structure known as a chromosome. On this
chromosome, the cell carries all information needed to survive. Thisinformation is found
in sequences of DNA known as genes. The information carried by genes directs the

production of all proteins the cell needs, such as enzymes used in the digestion of food.

Chromosomes in eukaryotes are also made up of DNA. Because these organisms tend to
be much larger and more complicated than prokaryotes, their chromosomes have to carry
much more information. Instead of having one enormous, circular chromosome,
eukaryotes have several compact, linear chromosomes. The number of chromosomes
variesin different species of organisms. For example, while human cells have 46
chromosomes, pine trees have 24, dogs have 78, and frogs have 26. Whenever we discuss
chromosomes in the remainder of these study guides, assume we are addressing those

found in eukaryotic organisms unless we state otherwise.

Chromosomes can be arranged into
matching pairs. These matching
pairs are made up of two

homol ogous chromosomes, aso
called homologues. A picture
showing al of acel’s

chromosomes, each chromosome

lined up with its homologue, is known as a karyotype.

There are two types of chromosomes - sex chromosomes and autosomes. In humans there
are 46 chromosomes, making atotal of 23 pairs. One of these 23 pairsis made up of two
sex chromosomes and determines what sex you are. This 23rd pair can either be two X
chromosomes (X X), in which case you are afemale, or one X and one Y chromosome

(XY), inwhich case you areamale. All of the remaining chromosomesin your cells are
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autosomes. In summary then, you have 23 pairs of chromosomesin your cells; one pair of

sex chromosomes and twenty-two pairs of autosomes.
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Study Guide #2
PROKARYOTIC AND EUKARYQOTIC DIVISION

All cells come from preexisting cells. The method of cellular reproduction (cell division)

differs between prokaryotes and eukaryotes.

When a prokaryotic cell reproduces, it first makes a copy of its DNA. After thisis
accomplished, the cell dividesin half to form two cells. Each of these cells contains the
same DNA asthefirst cell. Since al prokaryotes are single-celled organisms, their cell

division results in the formation of anew organism.

Cdl divison in eukaryotes is more complicated than in prokaryotes. Eukaryotic cells

Prokaryotic Cell Division  divide by a process known as mitosis, which divides the

:.
cosms

‘ formation of a new organism. Rather, it leads to growth

and development in asingle organism. You began asa

chromosomes equally between the two cells. The actual
physical splitting of one cell into two cellsis known as

cytokinesis, and takes place at the end of mitosis.

For amulticellular organism, mitosis does not lead to the

single cell, and the process of mitosis followed by cytokinesis allowed you to develop into
an organism containing trillions of cells. All eukaryotic cells follow adistinctive cell

cycle. Let'stake acloser look.
Eukaryotic Cell Division

9z

MITOS|S:

division of the nucleus

The eukaryotic cell cycleinvolves CYTOKINESIS:

division of the cytoplasm

two main periods. Interphaseis

one of these periods and the other is mitosis. Interphase is made up of three distinct
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phases - the G1, S, and G2 phases. When a cell is not undergoing mitosis or cytokinesis,

itisin interphase.

Cell Cycle

During the G1 phase of interphase, each
chromosome in the cell consists of along,
uncoiled strand of DNA. Thisisaperiod of
genera growth for the cell. During the S
phase (otherwise known as the synthesis
phase), each chromosome in the cell is
duplicated. This produces two identical copies of the same chromosome. Each of these

copiesis called achromatid, and the two chromatids are joined together by a centromere.

In the final stage of interphase, the G2 phase, the cell continues to grow and metabolize

normally. Thisisaperiod of preparation for mitosis.

Mitosis, also referred to as the first part of the M phase, consists of four independent
stages. These stages, in order, are prophase, metaphase, anaphase, and telophase.
Mitosis (the division of chromosomes) is followed by cytokinesis (the division of
cytoplasm), producing two cells with equal chromosome content. When we examine

meiosis you will notice that its stages are similar to those of mitosis.
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Study Guide #3
A LOOK AT SEXUAL AND ASEXUAL REPRODUCTION

As mentioned previously, when a single-celled organism divides, it gives rise to an entirely
new organism with exactly the same DNA asthe origina cell. Thistype of reproduction is

known as asexual reproduction since only one parent is involved.

When an organism, such as a bacterium, reproduces asexually, it creates a virtual clone of
itself. The new organism will be like the old organism in amost every way; there will
normally be only a minute amount of difference between the two. In fact, the only
differences will arise from mutations occurring during the copying of the original cell's
DNA. One bacteria cell, through asexual reproduction, can produce millions of copies of

itself that are nearly indistinguishable from one another.

When multi-cellular organisms reproduce, two parents of the opposite sex are normally
required. Thistype of reproduction is termed sexua reproduction, and requires special
cells known as sex cells or gametes. Different gametes are produced by different sexes,

males produce sperm and females produce eggs or ova.

In humans, the original cell that

eventualy givesriseto afull Fertilization

,b

grown adult is formed when a

: : i3 Sperm
sperm cell unites with an egg 20 LAl
cdll, or ovum (singular of ova), (23 Chromosemas) ot Lol

Haplaid (n}

from afemale. Thisprocessis _
Zygote

(48 Chromose mes)
Diploid (Zn)

known as fertilization and results

in the formation of a zygote.

It is obvious from looking around you that human offspring are not virtua clones of one

of their parents, but rather have ablend of characteristics from both parents. Why is this?
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In all sexualy reproducing organisms, offspring receive chromosomes from both parents.
In this way, they receive genes for traits only their mothers have as well as genes for traits

only their fathers have. Thusthey look similar to both parents, but not identical to either.
When an egg and sperm fuse, it would seem that the resulting cell would have twice the

number of chromosomes as anormal cell would. This, however, is not the case. The

reason behind thisis avariation of cdll divison called meiosis.
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Study Guide #4
MEIOSIS OVERVIEW

In humans and most other animals, meiosis occurs in cells residing in the testes of mature

males and in the ovaries of mature females. Through meiosis, these cells become spermin

atestisand ovain an ovary.

Meiosis reduces the original number of chromosomes within acell by one-half. Therefore,

each sperm cell and ovum contains only 23 chromosomes rather than 46 - the number

found in the body cells, or somatic cells.

When a zygote is formed upon fertilization, it contains two sets of chromosomes - one
from the male parent and one from the female parent. Any organism, including a
developing zygote, which contains afull complement of chromosomes, is said to be
diploid, or 2n. Any organisms or cell, including sperm and ova, containing only half the

normal complement of chromosomes is said to be haploid, or 1n.

Copyright 1998 CyberEda Inc.
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Study Guide #5
MEIOSIS BEGINS

While at first glance meiosis may appear the same as mitosis, these processes result in the
formation of very different cell types. In mitosis, the cell's nucleus divides once to give
riseto 2 genetically identical diploid cells. In melosis, however, there are two nuclear
divisons. Thesetwo divisions, known asmeiosis| and meiosis ||, result in the formation
of 4 haploid cells that are genetically different than the original cell. Let'stake acloser

look at the start of meiosis|.

Prophase | marks the start of meiosis|. During prophase |, the chromosomes condense
and homologous chromosomes pair up with one another. The process by which these

homologous pairs come together is known as

Prophase of Meiosis |
Gordsriawd synapsis. Synapsis forms a chromosome

Chromesoms

complex caled atetrad. In summary,
synapsis brings homol ogous chromosomes

together, forming tetrads.

Synapsis
(pairing of hemslegeus chremesem as)

The Prophase of Meiosis |

Doumle Cross -0wver

formation of tetrads is unique to meiosis. This
alignment of homologous chromosomes allows for a
great deal of genetic variability. Thisgenetic

variability comes from a process known as crossing

over.

Remember, at this point each chromosome consists of two chromatids.  These chromatids
are referred to as sister chromatids, and are identical (since one was copied directly from
the other). During synapsis, a chromatid from one chromosome may cross over with a
chromatid from the other chromosome in the homologous pair. These two chromatids are

referred to as non-sister chromatids.
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The region in which crossing over occurs between the two non-sister chromatids is called
achiasma. During crossing over, the non-sister chromatids exchange portions of DNA at
the chiasma. This results in chromatids containing genetic information from both
chromosomes in the homologous pair. For example, you have chromosomes from both
your mother and your father. When synapsis takes place in your body, your homologous
pairs consist of one maternal chromosome (from your mother) and one paternal
chromosome (from your father). After crossing over takes place, you have chromatids
that are neither exactly like your mother's nor exactly like your father's, but are rather a
hybrid of thetwo. Melosis then, during prophase |, rearranges chromosomes and adds

genetic variability.

Near the end of prophase |, the nuclear envelope and nucleolus of the cell disappear. Also
occurring is the appearance of two structures known as centrioles. These structures, just
asin mitosis, move to opposite sides of the cell. Fiber-like microtubules extend from the

centrioles to form a spindle.
Late Prophasa of Maiosis |

Dizappearing Migroiubule
Nuglear Envelogs Spindla

At this point, the cell isready to
proceed with the last 3 stages of
meiosis |: metaphase |, anaphase |,

and telophase I.

Disappearing N wclealus

Castrinle Metaphase
P air Pt
TE quatar
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Study Guide #6
CONCLUSION OF MEIOSIS|

Keep in mind while studying meiosis that, once meiosis begins, these stages are
continuous. Thereisno clear stopping point between prophase, metaphase, anaphase and
telophase I. Each stage blends neatly into the next. For that reason, you will sometimes
see a process described as the end of one stage or the beginning of the next stage
depending upon the textbook you use. That being said, let’s continue our ook at meiosis
l.

By the end of prophase I, the chromosomes had condensed and formed homologous pairs.
Also, the centrioles had migrated to opposite sides of the cell and begun to form the
spindle (a network of microtubules).

Metaphase of Meiosis |

At the start of metaphase |,

Hemalegous
. G romoesomes

microtubules attach to the centromere
of each chromosome in the tetrad.
They attach in avery specific way.
Each centromerein the tetrad is
attached to a microtubule leading to a
different centriole. The importance of thiswill become clear later. These microtubules

then begin to tug and push on the chromosomes, eventually aligning all of them aong the

Witasis {anaphase) uator of the cell, other wise known as
Anaphase of Meiosis| - €

the metaphase plate. Once all are

properly lined up, the cell proceeds into

Double-strand ad

- chremozome the NeXt stage of meiosis|.
Disjunciion
In anaphase |, each spindle begins to pull
on the chromosomesiit is attached to.
The homologous pairs slowly begin to separate, and each chromosome moves toward a
spindle. Remember that each chromosome in the tetrad was associated with a different
Copyright 1998 CyberEda Inc. 13



centriole. Therefore, when the chromosomes separate, they move towards opposite sides
of the cell. Inthisway, neither side of the cell attracts two copies of the same

chromosome.

Thisis smilar to anaphase in mitosis, but there is one critica difference. Y ou may recall
that in mitosis, the centromeres split and each sister chromatid moves to an opposite side
of the cell. In anaphase | of melosis, the sister chromatids remain attached to each other
(centromeres do not split). It isthe homologous chromosomes that become separated.
The separation of homologous chromosomes is called digunction.
Telophase of Meiosis|

Thefina stage of meiosis| istelophasel. During
telophase | the spindle continues to pull the Hagleld
homol ogous chromosomes apart until they reach the T
poles of the cell. Each pole now has a haploid, or 1n

set of chromosomes, but each chromosome is

composed of two sister chromatids.

Cytokinesis usually occurs simultaneoudly with telophase I. During cytokinesis, the
cytoplasm of the cell dividesinto two equal portions, each with one set of
chromosomes. The entire cell eventualy dividesin half, forming two daughter cells.

The method of cell division differs among plant and animal cells.

Cytokinesis

Plant cellsform a cell plate in the
middle of the cell, dividing the cell

Animal

AN into two halves. From the cell plate,

two new cell walls are formed, one

for each cell. During divisionin

Plant

Cell animal cdlls, however, the cdl

membrane pinchesin at the middle,

eventually cleaving the cell evenly into two distinct cells.
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Whether occurring in a plant or animal cell, cytokinesis at the end of telophase | mark the
beginning of the transition into meiosis1l. In some species, nuclear envelopes and
nucleoli reform briefly prior to melosis 1. The chromosomes may even uncoil. In many
other species, however, these steps do not occur. An abbreviated interphase, called
interkinesis, normally occurs at this point regardless of the speciesin question. This stage
issmilar to the initial interphase, except there is no replication of the chromosomes.

Now, let’slook at what happens during meiosis .
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Study Guide #7
MEIOSIS I

Just asin meiosis |, prophase (in this case, Prophase of Meiosis Ilsmrw"e
prophase 1) marks the beginning of meiosis
I1. The nuclear envelope and nucleus, if
reformed at the end of meiosis |, disappear.
If the chromosomes uncoiled, they

recondense during prophase | 1.

Centrioles appear and once more migrate to

opposite sides of the cell. From these

centrioles, microtubules form the spindle you are familiar with at this point.

Metaphase of Meiosis Il

Asthe cell enters metaphase I1, the microtubules
attach to and position the double-stranded
chromosomes at the metaphase plate. Since there are
no longer homol ogous chromosomes, no tetrad
formation is possible. Once again, the microtubules
attach in avery specific way. In metaphase Il, each

centromere is attached to 2 microtubules; one leading

to each centriole. After the chromosomes are aligned

properly, the cell enters anaphase 1.
Anaphase of Meiosis ||

In anaphase |1, the centromeres split and the
sister chromatids of each double-stranded

chromosome are pulled towards opposite poles.

Meiosis |l concludes with telophase Il and
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cytokinesis. At the end of telophase, each side of the cell has received one of the sister
chromatids. The spindle fibers and centrioles begin to disappear while nuclei and nucleoli
begin to form. The chromosomes begin to uncoil, becoming very difficult to see. While

thisis happening, the cell undergoes cytokinesis, just asin melosis|.

We began meiosis with one diploid cell. At the end of meiosis|, 2 haploid cells were
formed, each containing a number of pairs of sister chromatids. At the end of melosisil|,
that origina cell has become 4 haploid cells, each containing one chromatid. Each
chromatid is now considered a chromosome. Thus, in humans, one diploid cell containing

46 chromosomes yields 4 haploid cells containing 23 chromosomes through meiosis.

Telophase of Meiosis ||

CytoKinesis

Nuclei FourHaploid Cells

Next, we'll take alook at an error that very often takes place during meiosis.
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Study Guide #8
NONDISJUNCTION AND ANEUPLOIDY

Occasionally, an error known as nondigunction will occur during anaphase of either

meioss| or meiosisil. In

nondigunction, chromosomes Meiosis 1
[amaphase)

fail to separate properly. If this

occurs during meiosis|, at least

EmeEmMmEFo

one set of homologous
chromosomes do not separate.

If this occurs during meiosis I,
at least one centromere does not

separate.

In either case, cells will wind up with an abnorma number of chromosomes. |If
nondigunction occurs during anaphase |, two of the four sets of sex cells produced during
meiosis will carry and extra chromosome (n+1, where n is equal to the number of
chromosomes a cell should carry), and two of the four sets of sex cellswill lack a
chromosome (n-1). If nondigunction occurs during anaphase I1, two of the four cells will
carry the normal number of
chromosomes for a haploid cell
(n), one cell will carry an extra

Melosis i

{anaphase) chromosome (n+1) and the fina

cell will carry one less

mmaAmIT=o

chromosome (n-1).

Hendisjunction
Apneuplaid
Cealls

A cél, which carries an abnorma
number of chromosomes, is termed aneuploid. If an aneuploid sex cell isinvolved in

fertilization, genetic disorders will occur and fetal development will be disrupted. Most
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times, aneuploidy results in a non-viable embryo that quickly dies; often within afew

hours or days of fertilization.

Sometimes, however, an aneuploid zygote can develop and the fetus can be carried full-
term. Humans with the condition known as Down syndrome carry one extra
chromosome. Individuals with this disorder carry three copies of chromosome #21

instead of two. Down syndrome is seen in about 1 out of every 700 live births. Other

aneuploid conditions are seen in humans, but occur less frequently than Down syndrome.

Copyright 1998 CyberEda Inc.
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Study Guide #9
GAMETOGENESIS

The formation of gametes by meiosisis called gametogenesis. In humans and most other
animals, gametogenesis takes place in the testes of males and ovaries of females. We will

examine this process in humans.

Spermatogenesis

In human males, sperm formation,

. . Sperm atogania (2n)
or spermatogenesis, occurs in the
Saminferous
L] 1

seminiferous tubules of the testes.
The origina diploid cells from
which the haploid sperm eventualy

Seminiteraus
usule
{eress-gaation)

arise are called spermatogonia.
Throughout childhood,

Testis

spermatogonia grow and reproduce my mitosis.

Once a male reaches puberty, some spermatogonia undergo meiosis to form sperm. Prior

ll-\.!
MEIQSIS |

_ Secondary
T spematecyta(n) =
MEIDEIS Il
S oo— e
MATURATION
—— Hperm cells lni

Spermatids mature, with the aid of helper cells called Sertoli cells, to form sperm.

: to undergoing meiosis, a
Spermatogenesis going S,

Sparmatogonium (2n|

spermatogonium divides by mitosis

MITOSIS
Primary sparmatacyte (2n) 28

to form a primary spermatocyte.

This primary spermatocyte then
undergoes meiosis | to yield two
secondary spermatocytes. The
secondary spermatocytes undergo

meiosis |l to form 4 spermatids.

In human females, ova formation, or oogenesis, takes place in the ovaries. The origina

diploid cells from which ova are derived are called oogonia.

Copyright 1998 CyberEda Inc. 20



Oogenesis By thetime afemaleis born, dl of

her oogonia that will potentially
Oegonial2n)

/ ovary ' @ become ova have become primary

oocytes. These primary oocytes
@@ have entered meiosis |, but are held
@ in prophase | until puberty. These

primary oocytes can remain locked

in prophase | for many decades.

B ay Cesyile (2}
#n prophess ot meoes |

When females reach puberty, meiosis | continues from prophase
inaprimary oocyte and itsfollicle. A follicleisagroup of cells
surrounding the primary oocyte in the ovary. At the end of
meiosis |, the primary oocyte divides unequally to form the
secondary oocyte and the first polar body. A polar body ik aad
contains as much genetic materia as the secondary oocyte (23 chromosomes), but has

S Second Polar Body {nj
== Polar Bodies {n)
[fram First Palar Bodyh

L

Dotid ()

very little cytoplasm. Most of the

cytoplasm remains in the secondary

oocyte. Thefallicle then ruptures,

releasing the secondary oocyte from the

Blaiosis I

First Folar
Hudy {n) @

Secondary
(bocyte ()

ovary and into the fallopian tube.

Fallicia

s dhmakion. During meiosis I, the secondary oocyte
divides unequally to form a small second polar body and alarge ootid. Occasionally, the
polar body produced during meiosis | also divides to form two smaller polar bodies.
Meiosis| and 11, then, resultsin the formation of 3 small polar bodies and 1 large ootid.
The polar bodies eventually degenerate and die, while the ootid devel ops into a mature

ovum.
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As described previoudly, during fertilization a haploid sperm and a haploid ovum unite to
form adiploid zygote. The nutritional needs of the developing zygote are very
demanding.

Since the nutrients for development are found within the cytoplasm, the greater the
amount of cytoplasm the greater the amount of nutrients available to the zygote. The
unegual cellular divisions that take place during oogenesis allow the egg to have plenty of

cytoplasm (and therefore plenty of cytoplasmic nutrients) for the future zygote.
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Meiosis

QUIZ PAC

The following quizzes are meant to test student understanding of specific topic areas
covered in the Interactive Biology Multimedia Courseware program, Meiosis. Many, but
not al, of these questions have been addressed directly in the study guides.

QUIZ #1 CELLS & CHROMOSOMES

QUIZ #2 PROKARYOTIC & EUKARYOTIC DIVISION
QUIZ #3 SEXUAL & ASEXUAL REPRODUCTION
QUIZ #4 MEIOSIS OVERVIEW

QUIZ #5 MEIOSIS BEGINS

QUIZ #6 CONCLUSION OF MEIOSIS|

QUIZ #7 MEIOSIS ||

QUIZ #8 MISTAKES IN MEIOSIS

QUIZ #9 GAMETOGENESIS
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Quiz #1
CELLS AND CHROMOSOMES

Most, but not all, living things are composed of cells.

A. True
B. Fase

There are two basic cell types, prokaryotic and eukaryotic.

A. True
B. Fase

In aprokaryotic cell, DNA is

enclosed in a membrane-bound structure

not enclosed in a membrane-bound structure

Either A or B (depending upon the species in question)
Both A and B.

oCow>

In aeukaryotic cell, DNA is

enclosed in a membrane-bound structure

not enclosed in a membrane-bound structure

Either A or B (depending upon the species in question)
Both A and B.

oWy

All are

A. prokaryotes, multicellular

B. eukaryotes, multicellular

C. single-celled organisms, prokaryotes
D. prokaryotes, single-celled organisms

A nucleus

A. isaspecia structure surrounding DNA
B. isfound in prokaryotes

C. isfound in eukaryotes

D. All of the above.

E. A and B only.

F. A and Conly.

Copyright 1998 CyberEda Inc.
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10.

11.

12.

cells contain cytoplasm.

A. All
B. Prokaryotic
C. Eukaryotic

Eukaryotic cells are the basic unit of multicellular

A. animas

B. plants

C. fungi

D. All of the above.” _

DNA carries information in the form of
production of

A. proteins, chromosomes
B. chromosomes, proteins
C. genes, proteins
D. proteins, genes

Eukaryotic cells contain

A. compact circular chromosomes
B. compact linear chromosomes
C. DNA, but no chromosomes

D. chromosomes, but no DNA

Prokaryotic cells contain

A. compact circular chromosomes
B. compact linear chromosomes
C. DNA, but not chromosomes
D. chromosomes, but not DNA

A pair of matching chromosomes are known as

A. twin chromosomes

B. homozygotic chromosomes
C. heterozygotic chromosomes
D. homologous chromosomes
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13.

14.

15.

A picture that shows all of acell's chromosomes, matched up into pairsiscalled a

A. genetic spread

B. genome

C. karyotype

D. chromosome complement

The two types of chromosomes are and

A. sex chromosomes, autosomes
B. plant, anima

C. homozygous, heterozygous
D. paired, unpaired

If a person's sex-determining chromosomes consist of two X chromosomes (X X),
that personis , Whereas if they consist of an X anda’Y (XY), that
personis

A. mde, femae
B. femae mde
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Quiz #2

PROKARYOTIC AND EUKARYOTIC DIVISION

1. Cdl division in both prokaryotes and eukaryotes ends in the formation of a new
organism.

A. True
B. Fase

2. Cell divison in eukaryotes is known as mitosis.

A. True
B. Fase

3. When a prokaryotic cell reproduces,

. it first makes a copy of its chromosome

the cell pinchesin half to form two new cells
each cdl formsits own nucleus

. All of the above.

A and B only.

moowz>

4. The division of cytoplasm, or, the physical splitting of the cell is known as

A. plasmolyss
B. lyss

C. cytokinesis
D. repulsion

5. In multicellular organisms, mitosis leads to

A. anew multicdlular organism

B. anew unicellular organism

C. growth and development of the organism
D. All of the above.

6. The two main periods in the cell cycle are

A. growth and development
B. prophase and interphase
C. mitosis and cytokinesis
D. interphase and mitosis
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10.

11.

12.

The G1 phase of interphase

A. endswith célular divison
B. isone of general growth
C. isthe phase in which chromosomes are copied

During the S phase of interphase,

A. thecdl divides
B. the cell's chromosomes are copied
C. the cdl's chromosomes divide

During the G2 phase of interphase,

A. the cell prepares for mitosis
B. the cell's chromosomes are copied
C. homologous chromosomes come together

After chromosomes are copied, each copy isreferred to asa

homologue
centromere
chromatid
centriole

oCow>

The chromosomes in question #10 are joined together by a

homologue
centromere
chromatid
centriole

oCow>

The order of stagesin mitosisis

A. prophase, metaphase, anaphase, telophase
B. anaphase, metaphase, telophase, prophase
C. metaphase, telophase, prophase, anaphase
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Quiz #3
SEXUAL AND ASEXUAL REPRODUCTION

Reproduction in which only one parent is involved is known as asexual
reproduction.

A. True
B. Fase

Reproduction in which two parents are involved is known as sexual reproduction.

A. True
B. Fase

Asexual reproduction results in two organisms that

A. have very different genetic sequences

B. arenearly identical

C. areunrelated to each other

D. have only half the DNA of the origina organism

Sex cells are dso termed

A. autosomes

B. X and Y chromosomes
C. zygotes

D. gametes

When a sperm cell unites with an ovum (egg), itiscalled and leads to
the formation of

A. gametogenesis, a zygote

B. fertilization, ova

C. fertilization, a zygote

D. gametogenesis, an aneuploid organism

Offspring born through sexual reproduction receive genes from

A. their mothers only

B. their fathers only

C. both parents

D. either their mothers only or their fathers only
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Quiz #4
MEIOSIS OVERVIEW

In humans and most other animals, meiosis occurs in the testes of femalesand in
the ovaries of males.

A. True
B. Fase

Meiosis reduces the number of chromosomes within a cell by one-half.

A. True
B. Fase

Body cellsare also caled .

A. autosomes
B. stomatacells
C. somatic cells

Human body cells contain chromosomes.

A. 23
B. 30
C. 36
D. 46

A céll containing the full complement of chromosomesis said to bea
cell.

A. haploid (or 1n)
B. haploid (or 2n)
C. diploid (or 1n)
D. diploid (or 2n)

A céll containing one-half of the normal complement of chromosomes is said to be

a cell.

A. haploid (1n)
B. haploid (2n)
C. diploid (1n)
D. diploid (2n)
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Quiz #5
MEIOSIS BEGINS
1. In melosis, two nuclear divisonsyield atota of 4 haploid cells.

A. True
B. Fase

2. Which of the following DOES NOT OCCUR during prophase 1?

. Copies are made of each chromosome.
The chromosomes condense.

Homol ogous chromosomes pair up.

. The nucleus disappears.

The nucleolus disappears.

Centrioles appear.

mmooOw>»

3. Synapsis forms a chromosome complex known as a

A. triad
B. dyad
C. tetrad
D. sextant

4, Crossing over

A. alows chromosomes to move across the cell
B. increases genetic diversity

C. decreases genetic diversity

D. does not occur in human cdls

5. If crossing over occurs, it occurs

between two bacteria cells

when homologous chromosomes are paired up
at the chiasma

All of the above.

B and C only.

moow>»
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6. The two chromatids making up a chromosome are

called non-competitive chromosomes
either X or Y

sister chromatids

non-sister chromatids

oCow>

7. Chromatids found on different chromosomes in a homologous pair are

called competitive chromosomes
either X or Y

sister chromatids

non-sister chromatids

oCow>

8. During crossing over, exchange portions of DNA.

sister chromatids

non-sister chromatids
competitive chromatids
non-competitive chromatids

oWy

9. Crossing over resultsin a chromosome

that carries DNA from one parent only
residing on one side of the cell only
the produces male offspring

that carries DNA from both parents

oWy

10.  Extending from the centrioles are

spindles that form microtubules
microtubules that form spindles
actin and myosin that form muscle fibers
muscle fibers that form actin and myosin

oowp
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Quiz #6
CONCLUSION OF MEIOSIS |

In meiosis |, al stages come to a clear stop before the cell enters the next stage.

A. True
B. Fase

At the start of metaphase |,

A. al chromosomes become attached to the same centriole

B. chromosomes randomly attach to either centriole

C. each chromosome in the homologous pair becomes attached to the same
centriole

D. each chromosome in the homologous pair becomes attached to a different
centriole

At the end of metaphase I, all chromosomes have been aligned at the equator of
the cell, known as the

metaphase plate
equatorial rift
cellular equator
chromosomal plate

oCowp

In anaphase I, chromosomes in the homologous pair

move towards the same centriole
have their centromeres split
move towards different centrioles
Both A and B.

Both B and C.

moow>»

Separation of homologous chromosomes is known as

A. digunction

B. non-digunction

C. equatoria repulsion
D. polarization
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6. In telophase |, the spindles

A. move towards the center of the cell

B. pull the chromosomes to opposite poles of the cell
C. replicate

D. briefly move to the outside of the cell

7. At the end of telophase |, each pole of the cell is

A. 1n
B. 2n
C. 3n
D. 4n

8. Cytokinesis

A. usudly occurs simultaneoudly with telophase |

B. yieldstwo cells with equal amounts of chromosomes
C. formstwo daughter cells

D. All of the above.

E. A and B only.

0. Plant cells form in the middle of the cell from which

A. acdl wall, two cell plates form
B. acdl plate, two cell wallsform
C. two cdl walls, acell plate forms
D. two cdl plates, acel wall forms

10.  When cytokinesis occurs after telophase |, an abbreviated interphase, known as
will normally take place.

A. cytokinesis|
B. cytokinesisl|
C. interkinesis
D. plasmolysis
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Quiz #7
MEIOSIS I
Prophase Il marks the beginning of meiosis|I.

A. True
B. Fase

What event DOES NOT take placein meiosis 11?

A. The nucleus and nucleolus (if reformed at the end of meiosis |) disappear.

B. The chromosomes (if uncoiling took place at the end of meiosis ) recondense.
C. The chromosomes (if they did not do so at the end of melosis ) are copied.

D. Centrioles reappear.

Asthe cell enters metaphase 11, microtubules

A. detach from the chromosomes
B. become randomly attached to the chromosomes
C. attach to the chromosomesin avery specific way

are positioned at the equator of the cell in metaphase 1.

The double-stranded chromosomes
Homologous pairs of chromosomes
Both A and B.

Neither A nor B.

cowp

In metaphase 11, each centromere is attached to

two different microtubules
microtubules leading to each centriole
Both A and B.

Neither A nor B.

cowp

hich of the following DOES NOT occur in anaphase |17?

A. The centromeres split.

B. The homologous pairs separate.

C. Thesister chromatids are pulled towards opposite poles.
D. All of the above occur in anaphase 1.
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Which of the following DOES NOT occur in telophase 117?

A. The spindle fibers and centrioles disappear.
B. The nuclel and nucleoli begin to reform.

C. The chromosomes begin to uncoil.

D. All of the above occur in telophase 11.

Meiosis begins with and ends in the formation of

one haploid cell, four diploid cells
one diploid cell, four haploid cells
one haploid cell, two diploid cells
one diploid cell, two haploid cells

oWy

Thus in humans, meiosis begins with one cell containing chromosomes
and ends with cells containing chromosomes.

A. 23, four, 46
B. 46, four, 23
C. 23, two, 46
D. 46, two, 23
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Quiz #8
MISTAKESIN MEIOSIS

1. In nondigjunction, chromosomes fail to separate properly.
A. True
B. False

2. If nondigunction occurs during meiosis|,

A. al chromosomesin the cell fail to separate

B. half the chromosomesin the cell fail to separate
C. a least one homologous pair fails to separate
D. at least one centromere fails to separate

3. If nondigunction occurs during meiosis 1,

A. al chromosomesin the cell fail to separate

B. half the chromosomesin the cell fail to separate
C. a least on homologous pair fails to separate

D. at least one centromere fails to separate

In questions #4 and #5, circle al answers that apply.
4, If nondisunction occurs during anaphase |,

two of the four sex cellswill be n+1
two of the four sex cellswill be n-1
two of the four sex cells will be normal
one of the four sex cellswill be n+1
one of the four sex cellswill ben-1

moowp>»

5. If nondigunction occurs during anaphase I,

two of the four sex cdlswill be n+1
two of the four sex cellswill be n-1
two of the four sex cells will be normal
one of the four sex cellswill be n+1
one of the four sex cellswill ben-1

mooOwp>»
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A cdll which carries an abnormal number of chromosomes is termed

A. aneuploid
B. betaploid
C. deficient
D. 2n

An embryo with an abnormal number of chromosomes

A. isusudly unable to develop normally

B. develops normally in most cases

C. deveopsif nondigunction occurred in meiosis |
D. developsif nondigunction occurred in meiosis 1|

Humans with the condition known as carry one extra chromosome.

A. multiple sclerosis
B. tuberculosis

C. cancer

D. Down syndrome

Humans with the condition in question #8 have one extra copy of chromosome

A. #1
B. #13
C. #21
D. #48
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Quiz #9
GAMETOGENESIS

The production of sperm in males is spermatogenesis.

A. True
B. Fase

The production of eggsin femalesis eggogenesis.

A. True
B. Fase

The production of sperm takes place in the

inguina cand
eustachian tubes
urethra
seminiferous tubules

cowp

Which of the following is the correct sequence of sperm production?

A. spermatogonia, primary spermatocyte, secondary spermatocyte, spermatid,
sperm
B. primary spermatocyte, secondary spermatocyte, spermatid, spermatogonia,
sperm
C. spermatid, spermatogonia, secondary spermatocyte, primary spermatocyte,
sperm

cellsaid in the development of sperm.

A. Epithdid
B. Sertoli

C. Mucosd
D. Phagocytic

Which of the following is the correct sequence of egg cell formation?
A. primary oocyte, secondary oocyte, ovum, ootid, cogonia

B. oogonia, ovum, secondary oocyte, primary oocyte, ootid
C. oogonia, primary oocyte, secondary oocyte, ootid, ovum
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7. During meiosis | and meiosis |1 in females, three cells known as are
produced. These cells contain chromosomes but relatively little

A. nurse cells, centromeres
B. nursecdlls, cytoplasm

C. polar bodies, centromeres
D. polar bodies, cytoplasm

8. Developing egg cellsin human females are arrested in until reaching
puberty.

A. prophasel
B. anaphase |
C. prophase 11
D. anaphase I

9. The group of cells surrounding a primary oocyte is known asits
A. guard cell
B. nurse cell

C. follicle
D. zonapdllucida
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Meiosis

COMPREHENSIVE EXAM

The following exam is based on the Interactive Biology Multimedia Courseware program,
Meiosis. Most, but not al of these questions have been addressed directly in the study
guides. All of the questions on this exam, however, are based on information put forth in

the program.

Please determine if the following statements are true or false.

1. Most, but not all, living things are composed of one or more cells.

A. True
B. Fase

2. Cell division, both in prokaryotes and in eukaryotes, ends in the formation of a
new organism.

A. True
B. Fase

3. Cell divison in eukaryotes is known as mitosis.

A. True
B. Fase

4. Reproduction in which only one parent is involved is known as asexual
reproduction.

A. True
B. Fase

5. In humans and most other animals, meiosis occurs in the testes of femalesand in
the ovaries of males.

A. True
B. Fase

6. Meiosis reduces the number of chromosomes within a cell by one-half.

A. True
B. Fase
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10.

11.

In melosis, two nuclear divisonsyield atota of 2 haploid cells.

A. True
B. Fase

In meiosis |, all stages cometo aclear halt before the cell enters the next stage.

A. True
B. Fase

Prophase Il marks the beginning of meiosis|I.

A. True
B. Fase

In digunction, chromosomes fail to separate properly.

A. True
B. Fase

The production of eggs in femalesis oogenesis.

A. True
B. Fase

In the following portion of the exam, please choose the letter beside the word, words,
or phrase that best completes each sentence.

12.

13.

In aprokaryotic cell, DNA is

enclosed in a membrane-bound structure

not enclosed in a membrane-bound structure

Either A or B (depending upon the speciesin question).
Both A and B.

oowp

In aeukaryotic cell, DNA is

enclosed in a membrane-bound structure

not enclosed in a membrane-bound structure

Either A or B (depending upon the species in question)
Both A and B.

oowp
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14.

15.

16.

17.

18.

19.

All are

A. prokaryotes, multicellular

B. eukaryotes, multicellular

C. single-celled organisms, prokaryotes
D. prokaryotes, single-celled organisms

cells contain cytoplasm.

A. All
B. Prokaryotic
C. Eukaryotic

DNA carries information in the form of
production of

A. proteins, chromosomes
B. chromosomes, proteins
C. genes, proteins
D. proteins, genes

Eukaryotic cells contain

A. compact circular chromosomes
B. compact linear chromosomes
C. DNA, but no chromosomes

D. chromosomes, but no DNA

Prokaryotic cells contain

A. compact circular chromosomes
B. compact linear chromosomes
C. DNA, but no chromosomes

D. chromosomes, but no DNA

A pair of matching chromosomes are known as

A. twin chromosomes

B. homozygous chromosomes
C. heterozygous chromosomes
D. homologous chromosomes
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20.

21.

22.

23.

24,

25.

Copyright 1998 CyberEda Inc.

The two types of chromosomes are and

A. sex chromosomes, autosomes
B. plant, anima

C. homozygous, heterozygous
D. paired, unpaired

If a person's sex-determining chromosomes consist of two X chromosomes (X X),
that personis , Whereas if they consist of an X anda’Y (XY), that person
is

A. mde, femae
B. femae mde

When a prokaryotic cell reproduces,

. it first makes a copy of its chromosome

the cell pinchesin half to form two new cells
each cdl formsits own nucleus

. All of the above

A and B only.

moow>

The two main periodsin the cell cycle are

growth and development
prophase and interphase
mitosis and cytokinesis
interphase and mitosis

oCowy

The G1 phase of interphase

A. endsin cdlular divison
B. isone of genera growth
C. isthe phase in which chromosomes are copied

During the S phase of interphase,
A. thecell divides

B. the cell's chromosomes are copied
C. the cdl's chromosomes divide



26.

27.

28.

29.

30.

31.

During the G2 phase of interphase,

A. the cell preparesfor mitosis
B. the cell's chromosomes are copied
C. homologous chromosomes come together

After chromosomes are copied, each copy isreferred to asa

homologue
centromere
chromatid
centriole

oCow>

The chromosomes in question #27 are joined together by a

homologue
centromere
chromatid
centriole

oCow>

Asexual reproduction results in two organisms that

A. have completely different genetic sequences

B. arenearly identical to each other

C. areunrelated to each other

D. have only half the DNA of the origina organism

Offspring born through sexual reproduction receive genes from

A. their mothers only

B. their fathers only

C. both parents

D. ether their mothers only or their fathers only

Human body cells contain chromosomes.

A. 23
B. 30
C. 36
D. 46
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32.

33.

35.

36.

37.

A céll containing the full complement of chromosomesis said to be a cell.

A. haploid (or 1n)
B. haploid (or 2n)
C. diploid (or 1n)
D. diploid (or 2n)

A cell containing one-half of the normal complement of chromosomesis said to be
a cell.

A. haploid (or 1n)
B. haploid (or 2n)
C. diploid (or 1n)
D. diploid (or 2n)

Which of the following DOES NOT occur during prophase 17?

. Copies are made of each chromosome.
The chromosomes condense.

Homol ogous chromosomes pair up.

. The nucleus disappears.

The nucleolus disappears.

The centrioles appear.

Mmoo w>

Synapsis forms a chromosome complex known as a

A. triad
B. dyad
C. tetrad
D. sextant

Crossing over

A. alows chromosomes to move across the cell
B. increases genetic diversity

C. decreases genetic diversity

D. does not occur in human cells

If crossing over occurs, it occurs

between two bacteria cells

when homologous chromosomes are paired up
at the chiasma

All of the above.

B and C only.

moow>»
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38.

39.

40.

41.

42.

43.

The two chromatids making up a chromosome are

called non-competitive chromosomes
either X or Y

sister chromatids

non-sister chromatids

oCow>

Chromatids found on different chromosomes in a homologous pair are

called competitive chromosomes
either X or Y

sister chromatids

non-sister chromatids

oCow>

During crossing over, exchange portions of DNA.

sister chromatids

non-sister chromatids
competitive chromatids
non-competitive chromatids

oWy

Crossing over results in a chromosome

that carries DNA from one parent only
residing on one side of the cell only
that produces male offspring

that carries DNA from both parents

oCowy

Extending from the centrioles are

spindles that form microtubules
microtubules that form spindles
actin and myosin that form muscle fibers
muscle fibers that form actin and myosin

oCowy

At the start of metaphase I,

A. al chromosomes become attached to the same centriole

B. chromosomes randomly attach to either centriole

C. each chromosome in the homologous pair becomes attached to the same
centriole

D. each chromosome in the homologous pair becomes attached to a different
centriole
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45.

46.

47.

48.

49,

At the end of metaphase I, all chromosomes have been aligned at the equator of
the cell, known as the

A. metaphase plate
B. equatorial rift

C. cdlular equator

D. chromosomal plate

In anaphase I, chromosomes in the homol ogous pair

move toward the same centriole
have their centromeres split
move towards different centrioles
Both A and B.

Both B and C.

moowp

In telophase |, the spindles

A. move towards the center of the cell

B. pull chromosomes to opposite poles of the cell

C. replicate

D. briefly move to the outside of the cell to jettison excess chromosomes

At the end of telophase I, each pole of the cell is

A. 1n
B. 2n
C. 3n
D. 4n

Cytokinesis

A. usualy occurs smultaneously with telophase |

B. yieldstwo cells with equal amounts of chromosomes
C. formstwo daughter cells

D. All of the above.

E. A and B only.

Plant cdlsform in the middle of the cdll from which

A. acdl wall, two cell plates form
B. acdl plate, two cell wallsform
C. two cdl walls, acell plate forms
D. two cdl plates, acdl wall forms
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50.

51

52.

53.

55.

When cytokinesis occurs after telophase I, an abbreviated interphase, known as
will normally take place.

A. cytokinesis|
B. cytokinesisl|
C. interkinesis
D. plasmolysis

What event DOES NOT take placein meiosis 11?

A. the nucleus and nucleolus (if reformed at the end of meiosis 1) disappear.

B. The chromosomes (if uncoiling took place at the end of meiosis ) recondense.
C. The chromosomes (if they did not do so at the end of melosis ) are copied.

D. The centrioles reappear.

Asthe cell enters metaphase 11, microtubules

A. detach from the chromosomes
B. become randomly attached to the chromosomes
C. attach to the chromosomesin avery specific way

are positioned at the equator of the cell in metaphase 1.

The double-stranded chromosomes
Homologous pairs of chromosomes
Both A and B.

Neither A nor B.

cowp

In metaphase 11, each centromere is attached to

two different microtubules

microtubules leading to each chromosome
Both A and B.

Neither A nor B.

cowp

Which of the following DOES NOT occur in anaphase 11?

A. The centromeres split.

B. The homologous pairs separate.

C. Thesister chromatids are pulled towards opposite poles.
D. All of the above occur in anaphase 1.
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56.  Which of the following DOES NOT occur in telophase I17?

A. The spindle fibers and centrioles disappear.
B. The nuclel and nucleoli begin to reform.

C. The chromosomes begin to uncoil.

D. All of the above occur in telophase 11.

57. Meiosis begins with and ends in the formation of

one haploid cell, four diploid cells
one diploid cell, four haploid cells
one haploid cell, two diploid cells
one diploid cell, two haploid cells

oCowy

58.  Thusin humans, meiosis begins with one cell containing

and ends with cells containing chromosomes.

A. 23, four, 46
B. 46, four, 23
C. 23, two, 46
D. 46, two, 23

59. If nondigunction occurs during meiosis |,

A. al chromosomesin the cdll fail to separate

B. half the chromosomesin the cell fail to separate
C. a least one homologous pair fails to separate
D. at least one centromere failsto split

60. If nondigunction occurs during meiosis 1,

A. al chromosomesin the cell fal to separate

B. half the chromosomesin the cell fail to separate
C. a least one homologous pair failsto separate
D. at least one centromere failsto split

In questions #61 and #62, circle all answers that apply.
61. If nondigunction occurs during anaphase |,

two of the four sex cellswill be n+1
two of the four sex cellswill be n-1
two of the four sex cells will be normal
one of the four sex cellswill be n+1
one of the four sex cellswill be n-1

mooOwp>»

Copyright 1998 CyberEda Inc.

chromosomes

50



62.

63.

65.

66.

67.

If nondigunction occurs during anaphase 1,

two of the four sex cellswill be n+1
two of the four sex cellswill be n-1
two of the four sex cells will be normal
one of the four sex cellswill be n+1
one of the four sex cellswill be n-1

moow>

An embryo with an abnormal number of chromosomes

A. isusudly unable to develop normally

B. develops normally in most cases

C. developsif nondigunction occurred in meiosis |
D. developsif nondigunction occurred in meiosis ||

Humans with the condition known as carry one extra chromosome.

A. multiple sclerosis
B. tuberculosis

C. cancer

D. Down syndrome

Humans with the condition in question #64 have one extra copy of chromosome

A. #1
B. #13
C. #21
D. #48

The production of sperm takes place in the

inguina cand
eustachian tubes
urethra
seminiferous tubules

cowp

Which of the following is the correct sequence of sperm production?

A. spermatogonia, primary spermatocyte, secondary spermatocyte, spermatid,
sperm
B. primary spermatocyte, secondary spermatocyte, spermatid, spermatogonia,
sperm
C. spermatid, spermatogonia, secondary spermatocyte, primary spermatocyte,
sperm
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68.

69.

70.

71.

72.

cellsaid in the development of sperm.

A. Epithdid
B. Sertoli

C. Mucosd
D. Phagocytic

Which of the following is the correct sequence of egg cell formation?

A. primary oocyte, secondary oocyte, ovum, ootid, oogonia
B. oogonia, ovum, secondary oocyte, primary oocyte, ootid
C. oogonia, primary oocyte, secondary oocyte, ootid, ovum

During meiosis | and meiosis Il in females, three cells known as are
produced. These cells contain chromosomes but relatively little ;

A. nurse cells, centromeres
B. nursecdlls, cytoplasm

C. polar bodies, centromeres
D. polar bodies, cytoplasm

Developing egg cells in human females are arrested in until reaching
puberty.

A. prophasel
B. anaphase |
C. prophasell
D. anaphasell

The group of cells surrounding a primary oocyte is known asits

A. guard cell

B. nursecdl

C. fallicle

D. zonapellucida

In the following portion of the exam, please fill in the word or phrase that best completes
each sentence.

73.

A picture that shows all of acell's chromosome, matched up into pairsiscaled a
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74.  Thedivision of cytoplasm, or the physical division of acell is known as

75. Sex cells are aso termed

76. Body cells are also termed

77. A cdl carrying an abnormal number of chromosomesis said to be

78.  The production of sperm is known as and the production of eggs
is
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Meiosis

ANSWER GUIDE

TwW>wW>>wr>

QUIZ PAC
Quiz#l Quiz#2 Quiz#3 Quiz#4 Quiz#5 Quiz#6 Quiz#7 Quiz#8 Quiz#9
1B 1. B 1 A 1. B 1 A 1. B 1. A 1A 1A
2. A 2. A 2. A 2. A 2. A 2. D 2.C 20C 2. B
3. B 3. E 3. B 3. C 3. C 3 A 3.C 3D 3.D
4. A 4. C 4. D 4. D 4. B 4. E 4. A 4. AB 4. A
5 D 5 C 5 C 5 D 5 E 5 A 5.C 5L CD,E 5 B
6. F 6. D 6. C 6. A 6. C 6. B 6. B 6. A 6. C
7. A 7. B 7. D 7. A 7.D 7. A 7. D
8. D B 8. B 8. D 8B 8D 8 A
9. C 9. A 9. D 9. B 99B 9.C 9. C
10.B 10.C 10. C
11. A 11.B
12.D 12. A
13.C
14. A
15.B
COMPREHENSIVE EXAM
99A 18 A 27.C 36.B 45 C 54 C 63. A 72. C
10.B 19.D 28. B 37.E 46.B 55 B 64. D 73. karyotype
11. A 20 A 29.B 38.C 47. A 56 D 65. C 74. cytokinesis
122 B 21.B 30.C 39.D 48 D 57.B 66. D 75. gametes
13. A 222 E 31.D 40.B 49.B 58 B 67. A 76. somatic cells
14. D 23.D 32. D 41D 50.C 59 C 68. B 77. aneuploid
15, A 24.B 33 A 42. B 5. C 60. D 69. C 78. spermatogenesis,
16.C 25.B 34 A 43 D 52 C 61 AB 70. D oogenesis
17.B 26.A 3. C 4 A 53 A 62 CDE 71 A
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Meiosis

GLOSSARY

anaphasel: thethird stage of meiosis |, in which the homologous chromosomes
separate and move to opposite ends of the cell.

anaphasell: thethird stage of meiosis 1, in which the sister chromatids of double-
stranded chromosomes separate and move to opposite ends of the cell.

aneuploidy: agenetic condition characterized by the absence of one or more
chromosomes or the presence of extra chromosomes.

asexual reproduction: atype of reproduction involving only one parent that produces
genetically identical offspring either by budding or by the division of asingle cell or
the entire organism into two or more parts.

autosome: achromosome that is not involved in determining the sex of an organism.

cell plate: acdlular structure formed during cytokinesisin aplant cell, which divides
the cytoplasm of the cell into two equal portions and givesrise to the cell walls of
the two newly formed cells.

centriole: acelular organelle found in the center of animal cells, made up of nine triplet
microtubulesin aring. Centrioles help organize microtubule assembly so that a
spindle isformed during cell division.

centromere: the site of attachment for two sister chromatids. Spindle microtubules
attach to the centromere during meiosis and mitosis.

chiasma (plura, chiasmata): the x-shaped region representing homologous chromatids
that have exchanged genetic material through crossing over during meiosis|.

chromatid: one of two copies of achromosome in acell during cell division.

chromosome: along, thread-like structure consisting of DNA and protein.
Chromosomes are found within the nucleus of all eukaryotic cells.

clone: two or more generations of genetically identical organisms.

cor pus luteum: progesterone-secreting tissue in the ovary that forms from the follicle
after ovulation.

cytokinesis: thedivision of acell's cytoplasm into two identical portions to form two
separate daughter cells.
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daughter cells. two cellsformed from the same cell.

deoxyribonucleic acid (DNA): adouble-stranded, helical nucleic acid molecule, mainly
found in the chromosomes, that contains the hereditary information of organisms.

diploid (2n) cell: acell containing two sets of chromosomes; one set from each parent.

digunction: the separation of sister chromatids during anaphase of mitosis and meiosis
I1, and the separation of homologous chromosomes during anaphase of meiosis .

eukaryotic cell: acell in which the genetic material (DNA) is enclosed by a membrane
to form a nucleus.

fertilization: the processin which a sperm cell unites with an ovum to form a zygote.

Gl phase: thefirst growth phase of the cell cycle, which makes up the portion of
interphase immediately prior to DNA synthesis.

G2 phase:  the second growth phase of the cell cycle, which makes up the portion of
interphase immediately following DNA synthesis.

gametes. the sex cells of sexually reproducing organisms, which are capable of fusing to
form a zygote.

gametogenesis. the formation of sex cells, or gametes.
haploid (1n) cell: acell containing only one set of chromosomes.

homologous chromosomes.  chromosome pairs of the same length, centromere position
and staining pattern that possess genes for the same traits. At fertilization, each
parent contributes one homologous chromosome, or homologue, of each pair.

interkinesis. ashort interphase that occurs during gamete formation in some species
between melosis| and melosis |1. During interkinesis nuclear membranes and
nucleoli reform within the cdlls.

interphase: the stage in the cell cycle when the nucleus of the cell isnot in a state of
divison. Interphase consists of the G1, S, and G2 phases.

karyotype: adisplay of an organism's complete set of chromosomes that have been
stained and organized into pairs according to length, centromere position, and
staining pattern.

M phase: the phasein the cell cycle during which the nucleus of the cell divides.
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meiosis:  atype of cell division in sexualy reproducing organisms in which the nucleus
of thediploid parent cell divides twice to form four haploid daughter cells. The
haploid cells give rise to gametes.

meiosis|: thefirst meiotic division during which the parent cell divides into two cells,
each with areduced number of chromosomes.

meiosis|l: the second meiotic division during which the chromatids within the two cells
formed from meiosis| separate. The cells then divide to form four haploid cells.

metaphase |: the second stage of meiosis |, during which the spindle microtubules
attach to the chromosomes of the tetrads that have aligned along the metaphase
plate of the cell.

metaphase 11: the second stage of meiosis I1, during which the spindle microtubules
attach to the chromatids of the chromosomes that have aligned along the
metaphase plate of the cell.

metaphase plate: aplane at the center of the cell that is at aright angle to the spindle
microtubules, which serves as the site of alignment for chromosomes during
metaphase.

microtubules.  hollow rods of tubulin protein found in the cytoplasm of all eukaryotic
cellsand in cilia, flagella, and the cytoskeleton.

mitosis. the process of cell division in eukaryotic cells by which the cell nucleus divides
and genetic information is distributed equally among two identical daughter cells.

nondigunction: the failure of both members of a pair of homologous chromosomes or
both sister chromatids to separate during anaphase of meiosis | or meiosis||.
Nondigunction can also occur during anaphase of mitosis.

nuclear envelope: the membrane in eukaryotes that encloses the nucleus.

nucleolus. adark specialized structure within the nucleus.

oogenesis. the processin the ovary that resultsin the production of female gametes.

oogonia: theorigina diploid cells within the ovary from which ova are derived. In many
femae mammals, oogonia are formed prior to birth.

ootid: afemale reproductive cell that develops from a secondary oocyte. The ootid
matures to form an ovum.
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ovary: thefemale reproductive organ in which ova are generated.

ovum (plural, ova): afemale gamete produced in the ovary which may also be called an
€gg.

polar body: atiny cell produced during oogenesis when an oocyte undergoes a meiotic
divison.

primary oocyte: A reproductive cell within the ovary that develops from an oogonium
during oogenesis.

primary spermatocyte: areproductive cell within the seminiferous tubules of the testis
that devel ops from a spermatogonium during spermatogenesis.

prophase |: thefirst stage of meiosis|, in which the chromosomes condense, and the
homol ogous chromosomes from the father pair up with the homologous
chromosomes from the mother to form atetrad. Near the end of prophase I, the
nucleolus and the nuclear envelope of the cell disappear and centriole pairs move
to opposite poles of the cell. Fiber-like microtubules extend from the centrioles to
form a spindle and the tetrads begin to migrate toward the metaphase plate.

prophasell: thefirst stage of meiosisll, in which the nucleolus and nuclear envelope, if
present, disappear, aspindle forms, and the double-stranded chromosomes begin
to migrate toward the middle of the spindle in each daughter cell.

Sphase: The synthesis phase of the cell cycle in which the DNA is replicated.

secondary oocyte: areproductive cell within the ovary that develops from a primary
oocyte during oogenesis.

secondary spermatocyte: areproductive cell within the seminiferous tubules that
develops from a primary spermatocyte during spermatogenesis.

seminiferoustubules: amass of small coiled tubes within the testes, in which sperm are
produced.

Sertoli cells. helper cellslocated in seminiferous tubules that may support and nourish
maturing spermatids.

sex chromosomes: the pair of chromosomes that determine sex in most animals.

There are two types of sex chromosomes. the X chromosome and the Y
chromosome.
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sexual reproduction: atype of reproduction in which two gametes, each from either a
male or female parent, unite to form a zygote with a unique combination of genes
inherited from the parents.

somatic cell: acell of an organism other than a sex cell.

spermatid: amale reproductive cell that develops from a secondary spermatocyte.
Spermatids mature to form spermatozoa.

spermatogonia: theorigina diploid cells within the seminiferous tubules from which the
haploid spermatozoa are formed.

spermatozoa: male gametes.

spindle: the microtubule structure formed during mitosis and meiosis that is responsible
for moving the chromatids and chromosomes to opposite poles of the cell.

synapsis: The pairing of replicated homologous chromosomes during prophase of
meiosis|.

telophase|: thefinal stage of meiosis | in which the spindle disappears and nuclei form
at opposite poles of the cell. The cdl divides via cytokinesis to form two haploid
daughter cells.

telophase |1: thefina stage of meiosis |1 in which the spindle disappears and nuclei form
at opposite polesin each of the two cells formed from meiosis|. Each cell
undergoes cytokinesis to give rise to atotal of four haploid cells.

testis (plural, testes): the male reproductive organ in which sperm and reproductive
hormones are produced.

tetrad: apair of homologous chromosomes with two chromatids each.

zygote: afertilized ovum.
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