* What did one cell say to his sister cell that
stepped on his toe?

MITOSIS



Topic 2 Cell Division — Meiosis

mitosis, differentiation
and growth
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A second type of cell division
designed to make haploid
(n) cells called gametes

“GAMETOGENESIS”

— Gametes include sperm
(from testes) and egg
(from ovaries)

— 2n—>n

e Meiosis occurs in 2 stages to
produce a total of 4 haploid

cells

Why are haploid cells
necessary?



http://www.pbs.org/wgbh/nova/baby/divide.html
http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/page3.html

Interphase: Stage Prior to Meiosis |

. i ..
Similar to mitosis, germ Centrioles

cells will go through ~ —/_Chromatin
- el ‘
interphase ﬁ\:

— During this phase,
chromosomes are
replicated (DNA synthesis)

—The cell prepares for

meiosis
Nucleolus
Great Meiosis animation Nuclear Cell
(McGraw-Hill) membrane membrane

http://highered.mcgraw-
hill.com/sites/0072495855/student view0/cha
pter28/animation _how meiosis works.html



http://highered.mcgraw-hill.com/sites/0072495855/student_view0/chapter28/animation__how_meiosis_works.html

Haploid gametes (n = 23)

Outcomes of

[ (]
Egg cell Meiosis:
n
Sperm cell 1. Reductive Division
'Meiosis | Fertilization |
(reduce # of chromosomes
from 46 to 23)
F Diploid
' p zZygote
( ) ( ) 2n 2. Recombination
Multicellular : ST :
diploid adults (creating genetic diversity
(2n = 46)
Mitosis and
’\S_-., development

Capynght © 2003 Pearson Educaton, Inc., publishing as Benamin Cummings
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Figure 16.11 The phases
of meiosis. Which phases
of meiosis are most like the
phases of mitosis? How are
these phases different from
the phases of mitosis?
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1st cell division of meiosis —|

— 2nd cell division of meiosis

paternal
homologue —

matemal
homologue

M.

2 daughter cells '

Anaphase 2

(R LR

ety > .

3y W
)

e
= Parent

Meiosis

cell

Prophase 1

Metaphase 1

Anaphase 1

Prophase 2

Telophase 2

'\

Telophase 1 /

'\

<—— | Meiosis |

AKA : Reduction
division since
chromosome number
is reduced (2n->n)

<«— | Meiosis Il




CROSSING OVER

HOMOLOGOUS = maternal and paternal chromosomes containing similar info.

SYNAPSIS is the coming together of homologous chromosomes to form a TETRAD.
TETRAD- only forms between...

NON-SISTERS of TWO HOMOLOGOUS CHROMOSOMES
CROSSING OVER- exchange of genetic material after the tetrad is formed

Maternal and Paternal
Duplicated Chromosomes

o

t. |
' \v/
Homologous Crossing over

chromosomes Tetrad occurred




CROSSING OVER -in Prophase 1

Homologous Chromosomes

from mother from father

Various Homologous
Chromosomes

sister
chromatids

similar gene



CROSSING OVER - in Prophase 1

homologous As the chromosomes Chromatids break,

chromosome pair mov r together, and genetic information
synapsis occurs is exchanged.




Prophase 1

Nuclear membrane disintegrates and MEIOSIS |
spindle fibers start to form

Chromatin coils up into chromosomes

Two homologous (similar) chromosomes
come together to form a tetrad

This process is called synapsis(coming together

A tetrad consists of 2 replicated
homologous chromosomes or 4 _

h tid **Diagram on
chromatids next page!

RECOMBINATION \ The result is entirely

e During this time, chromosomes are so

new genetic

combinations not
seen in the parents

close together, crossing over can occur
between non-sister chromatids




Prophase 1

Spindle
Fibre

Homologous
Pair or Tetrad

\\\ /= Centrioles

1l &7

Crossing over



chromosomes

Metaphase |

e Pairs of Homolc?gous replicated Metaphase
chromosomes line up at the Spindle Plate

Fibre |
equator on the metaphase ,

plate on the same spindle
fiber

- spindle fibers attach to

Recall in metaphase of
mitosis, all chromosomes

lined up at the middle !




Metaphase — what’s different?

Mitosis — Metaphase Meiosis — Metaphase |

recombined

Lol chromosomes
microtubules , :

The difference... the way chromosomes line up
(in a row 1n middle vs paired up either side of middle)




Anaphase |

Apart!

Homologous chromosomes separate to opposite poles

This is known as segregation

2n->n or 4623

Each new cell will now have HALF the number of chromosomes as the

parent cell

Even though the the sister chromatids are still connected, they have
essentially the same genetic information but are half of the original parent

No indent until
telophase!

2 attached sister
chromatids have
similar genetic
information




Telophase 1

e Chromosomes arrive at opposite poles

e Cytokinesis occurs in animal cells

e 2 haploid cells form

e Each cell will now have ; the amount of chromosomes

e Chromosomes may become chromatin and enter an interphase 2
in some cells

e Haploid cells now go into Meiosis Il (similar to Mitosis)

Cleavage
furrow



Telophase 1




Prophase |l

e New spindle fibers start to form
e Nuclear membrane dissolves

e Chromatin becomes visible chromosomes

* NOTE: NO REPLICATION OF CHROMOSOMES
BEFORE THIS STAGE




Metaphase i

e Chromosome line up at the metaphase plate
e Chromosomes here are made up of 2 chromatids
e Spindle fibers attach

Sister
chromatids

Metabhase chromatid
plate
(equator)



Anaphase I

e Centromeres split

e The paired sister chromatids separate

NOTE: each cell will still be “n” because the sisters were
already half the original parents genetic information

Za

e Chromosomes move to the poles

No cleavage furrow yet!
(Indent should not be there!)
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Telophase Il
e Chromosomes arrive at poles _
e Cytoplasm starts to pinch in
e Cytokinesis occurs
e End result is 4 haploid cells
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http://www.sumanasinc.com/webcontent/anisamples/majorsbiology/meiosis.html

M e|OS|S Sq uare Da NCe@  http://www.youtube.com/watch?v=iCL 6d0OWKt8



http://www.youtube.com/watch?v=iCL6d0OwKt8

mitosis
How many chromosomes in
skin cell
-are they identical to skin cell
chromosomes

Drawing of mom and
dad original
chromosomes 1n red

and blue

Drawing of mom and
dad original
chromosomes 1n A

SKIN CELL during
metaphase

VS me10S1S

How many chromosomes in
germ cell
-are they identical to skin cell
chromosomes

Drawing of mom and
dad original
chromosomes 1n red
and blue

Drawing of mom and
dad crossed over
chromosomes in A
GERM CELL during
metaphase



Lets Clear Something up...
Meiosis I — The Reduction Division

* Ok...so we know that the parent cell had 46
chromosomes and after meiosis I each of the two

new cells now have 23 chromosomes...

SO....

If we are doing a second round of meiosis (meiosis II)
won’t the result be something weird like 11.5
chromosomes 1n the new cells?...

NO...this just isn’t so...SEE NEXT SLIDE



FIRST: _\JHomologous
INTERPHASE & PARENT CEL

duplication of Chromosomes (after duplication)

duplicated chromosomes

46 chromosome

DAUGHTER

23 chromosomes
(of genetic information)

46 chromatids

\ DAUGHTER DAUGHTER DAUGHTER

23 chromosomes|| 23 chromosomes| |23 chromosomes

(formerly (formerly (formerly
chromatids) chromatids) chromatids)

DAUGHTER

23 chromosomes
(formerly
chromatids)




Meiosis I

Late prophase l-prometaphase

(metaphase) plate, two chromatids) move to opposite poles of

mwmmwmmm] The homologous chromosomes (sach with ] mmmmm,mm]
the call,




i0sis I1

Me

MEIOSIS Il
Prophase Il

up at the equatoral plates of each cedl.

mccmuumpdmmmmm] T

Products

wu
L2

The chromatids finally separate, becoming
chromosomes In thelr own right, and are
puled to opposite poles. Because of crossing
over In prophase |, each new cell will have a
different genetic makeup.

d

mmmn&m,mu] qu”mw.m.mm. ]

oels divide. haplold number of chromosomes.

|



Meiosis in Males and Females

Males - Spermatogenesis Females - Q0genesis

Location : testes Location: ovaries

Primary spermatocyte Pr1mary oocyte

Me|05|s 1

O
\Méa\m o o

Egg (ootid) gets most of the
4 equal sperm cytoplasm. Polar bodies die and
are absorbed by body.




Meiosis Produces Sperm Cells

Meiosis
Meiosis |l

Mitosis }

Sperm cells

R spermatocyte | (haploid)
b aploid)
Seminiferous :
tubule Developing
spermatocyte sperm cell
- (diploid) (haploid)
Primary
Oocyte(diploid)
in females




_Meiosis __

| l

Fertilization

FYIl: females are
1 1 born with approx
l M ItOSISv% 400 000 egg
o aa cells. 1000

FYI: males mature every
make approx . month, but only
10° sperm one leaves
cells every ovary.

day



Mitosis Both Meiosis

Somatic cells

rowth, repair
or maintenance

Make gametes
var:ations

interphase

identical prophase 2n S 1n
S 2n metaphase (haploid)
(diploid) anaphase 4 cells produced
2 cells produced telophase 2 divisions
1 division cytokinesis synapsis
tetrads

Crossing over

segregation

Mitosis vs. Meiosis
animation & quiz hill.com/sites/9834092339/student view0/chapterll/comparison of meiosis and mitosis.html

http://highered.mcgraw-



http://highered.mcgraw-hill.com/sites/9834092339/student_view0/chapter11/comparison_of_meiosis_and_mitosis.html

Mitosis Mitosis Mitosis Mitosis

Mitosis
MitosisS

Mitosis

Mitosis

Mitosis
Mitosis
Mitosis (Male gonads)

REVIEW: Mitosis vs Meiosis — PLAY ME
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Do the questions in your workbook

i e 8 0t o my bt ad | cever e 8 4
ake a2 | jumped 15 %0 rescoe 22 O

curselves fros

“Well, here we go again. ... Did anyone here not eat
his or her homework on the way to school?”



Meiosis - Sources of Variation

Mitosis produces daughter cells that are genetically IDENTICAL

e Meiosis produces daughter cells with different combinations of
genes.

This GENETIC VARIATION is accomplished by:

1. Gamete success - only one sperm can fertilize the egg

2. Crossing over — exchange of genetic material between chromosomes

3. Independent Assortment- chromosomes line up randomly before
being separated (in Anaphase)

N P~ maternal paternal
y N haploid sperm chromosome chromosome

<§\

1
\ \ '

|
\
\

LS \ )| Q\\_'y/

diploid_zygote

N



2. Crossing Over — occurs between Non-sister chromatids

Sister
chromatids

V

'Y =Y X<t

A

ah NN 48N

B B b

. | gametes
Homologous | | crossing over
chromosomes




Crossing over occurs at random between pairs of homologous

chromosomes.

(1) During prophase I, homologous chromosomes form pairs.

(2) Non-sister chromatids cross over each other and exchange
segments of chromosomes.

(3) Chromosomes in the gametes contain new combinations of

genetic material

Sister Sister
chromatlds chromatids

Y12y Y-~

llll Ill\ fl \\‘(/ “ ll u n u

gametes

. . RESULT: 4 totally different
Tetrad or homologous pair Crossing over - combinations

Non-sister chromatids




Linked Genes

Crossing over occurs more
often between genes that
'|are further apart.

— Genes A and B far apart;
crossing over more likely

—Genes B and C close together;
crossing over less likely



Independent Assortment

3. Independent assortment - chromosomes line up
randomly in Metaphase |

Possibly line OR Can possibly
up this way.. line up this way....

K \ / Xx \
\ x x / Wetaphase.l “\\x x / |See next page illustration.

Bozeman Meiosis Video: (9:35)

http://www.youtube.com/watch?v=rB 8dTi
h73c&safety mode=true&safe=active

Haplmd daughter éells

The result could (depending on how the pairs line up) be
either of these combinations in this example



http://www.youtube.com/watch?v=rB_8dTuh73c&safety_mode=true&safe=active

Law of Independent Assortment

= Different pairs of chromatids line up independently of
each other (completely random!)

Independent Very unlikely according to
Assortment Independent Assortment




Independent Assortment

FYI: Just how much variation will this provide?

paternal gamete y} g O et 4 88) maternal gamete
insidofiorna [ A0 11 8
diploid offspring J qf L
1 e 2 ~ homologous pairs
[ | [ I I l I
il Al Al I Nl Nl RN
L 11/ ] vl N\ N |
pote nmlglm tes

3 pairs of chromosomes: --> 2°produce 8 genetically different gametes
7 pairs of chromosomes --> 27 or 128 different gametes
23 pairs of chromosomes --> 2% = (lots) 8,388,608 different gametes

Pair this with crossing over and the genetic possibilities are enormous!



MEIOSIS ABNORMALITY

Occasionally abnormalities can occur as meiosis undergoes
its divisions. This 1s called Nondisjunction.

-Nondisjunction occurs when chromosomes fail to separate
property in ANAPHASE I or II Nondisjunction (at A) During Meiosis

e Y

-This results 1n some cells
having not enough information ,’\ A
and others having too much

-can occur 1n mitosis as well - — -
but most devastating in me1osis U

N\

Example- Down syndrome. where \ \
3 p y ’ . \ \\‘/ J! \.-'""’- -/‘
there 1s an extra chromosome in h p

the 215t set of chromosomes In the end, 4 haploid cells will be created.

Two will have 2 chromosomes (normal),

one with 3 chromosomes (at A), and one
with one chromosome (at B).




Nondisjunction /K %\

/ N\
— AN

N AN
N

/' \
camets i1 gl 3§ ) ( 1

n+1 n+1 n-1 n-1

Number of chromosomes



Karyotype Chart — used to see individual chromosomes and

see possible abnormalities

Normal Male

IR I

3 .

B Ak B8 3 8% K ¥

12

KA HB %4

16 17 18

& RH A

A% AR AA AN

19 20 21 22

xa |
XY

Abnormal Female

B s

B g e e

Notice how small the
“Y”’ chromosome 1s

Female with Down syndrome
(notice extra chromosome in set #21




FYI

Risk of Down Syndrome in relation to maternal age

S 8 8 8 8 3 & 8

Infants with Down syndrome
(per 1,000 births)

—
o




Test yourself! 10 interactive questions:

http://www.biology.arizona.edu/cell bio/tutorials/meiosis/01g.html



http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/01q.html
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Animal Life Cycle

Diploid

2 Haploid
. . A | bod
The animal life cycle XD Animal body

Is based on a regular Zygote
pattern of mitosis
. . Fertilization
and meiosis

Humans reproduce
sexually and live in B
the diploid stage

Gametes
(sperm and eggs)




Plant Life Cycle
ALTERNATION OF GENERATIONS

Lodgepole Pine
Mature
Zygote sporophyte
s 217 phase
Fertilization
Ccn”
phase

Gametes
A \ Male and
female
gametophyte

Plants can exist in haploid
& Diploid stages known as

Sporophyte: asexual and usually
diploid (211) phase (plant growing),
producing spores from which the

gametophyte arises.

Gametophyte: the gamete-
producing and usually haploid (n)
phase




ALTERNATION OF GENERATIONS

Sea Sponge Life Cycle

Reproductive k()SlS D

polyp INY e \/ ok

N
. U4 W !
NS | }p { )/
i HafeS - v/
AT ¢ \ b,
wH y S
L\

Al

X ’
s Ing ) N =T Colonies can
polyps \J AEEEL = getvery large,

aleNS" il OoT polyps

\

== Larva swims via
‘ ‘_'«"’*',f",. cilia, then settles v '
' ';':L; ‘ :
-
/) UAL @
MITOSIS B Diploid

P — (e Zygote ' Haploid

(2n)

Compare this life cycle to a human one. What is a major difference?

There 1s an extra stage/organism (medusa) that eventually produces
gametes. We don’t have a stage like this as we individually produce our
gametes.




ALTERNATION OF GENERATIONS

Fern Life Cycle Alternation of Generations VIDEO

gametophyte

o spores

meiosis ﬂ A
| ® O © \ /\\\
mitosis

é@ 3 ™
"'& L / J)j)J J’ -:;,,5_ X,
N/ .. GAMETOPHYTE >IN
N STAGE (n) g \

mitosis mitosis

< gametes j

o
2
9
%
mitosis O <
) — fertilization

zygote



VARIATION in alternation of generations.....

GAMETOPHYTE

ametophyte
meiosis © &
@,
- I“L‘ ‘
4 STAGE (n)
mitosis ' mitosis
%> SPOROPHYTE
STAGE (2n) © gametes s
2
mitosis :
mitosis O B o
b fertilization

zygote

***Where does VARIATION OCCUR HERE?#***

HINT: Where is there changes in genetic material amount
ANSWER-
1. Spore production (meiosis)...”’n” number from adult ”2n”
2. Fertilization...combining of different genetic material




Alteration
of
Generations

AFern Sporophyte. “

'»Gametophyte ,
1. Is the dominant stage of a fern a gametophyte or a sporophyte?
SPOIrop y C
2. Are the cells of a fern diploid or haploid?
diploid (2n)
3. Do ferns produce gametes or spores for reproduction?

gametes — produced from gametophyte which was grown from a spore
4. Are spores produced by meiosis or mitosis?
IMC10S1S

5. Does the heart-shaped gametophyte produce gametes or spores?

gametes though mitosis because is already in haploid stage

6. Does the zy%l ote grow into a sporophyte or a gametophyte?
Sporophyte (fern)



gametophyte

)
\ gametes

'Alternation of generations

Spores ?»/'
0 O

.
. 1}
_.

sporophyte

TmONw R

Identify cell division blocks “A” as either mitosis or meiosis.

If this organism as 24 chromosomes, how many will the spores have? 12

If this organism has 24 chromosomes, how many will the zygote have? 24

If this organism has 24 chromosomes, how many will the gametophyte have? | 2,
If the gametophyte has 20 chromosomes, how many will the gametes have? 20
Identify blocks “B” as “2n” or “n”



WORKBOOK
Page 10,11



e l’l‘.ﬂJvllU LA I'lé l"l.’v' FFERT R AW T W5 LEr v v wer Erews ll‘.fw\l-Jlel Ijll"\.’llv'lu-

Interleukin-4 1s a polypeptide that causes the body s immune system to destroy cancer cells.
Researchers have genetically engineered neural stem cells of rats to produce interleukin-4.
Previous studies have shown that when neural stem cells are mnjected into the brain, they
mugrate throughout it. The researchers hypothesized that the genetically engineered stem cells
would carry the interleukin-4 to a bramn tumour. When the genetically engineered neural stem
cells were mjected into rats with malignant braimn tumours. the rats survived longer than
untreated rats and their tumours became smaller.

Malignant brain tumours form as a result of

abnormal mitosis
3. abnormal meiosis

C. along interphase stage of the cell cycle
D. along cytokinesis stage of the cell cycle

The process that occurs to form an eight-cell embryo from a zygote 1s

@ mitosis of diploid cells
B.  mitosis of haploid cells
C. meiosis of diploid cells
D. meiosis of haploid cells




In the embryos of most animals. cytokinesis immediately follows mutosis and, therefore, the
embryo grows as a ball of cells. However, Drosophila (fruit fly) embryos develop in an
unusual manner. In Drosophila, separating membranes do not appear until after several
thousand nucle:1 have been produced. This development trait has led researchers to use fruat fly
embryos to study development.

In most animals. cytokinesis occurs at the end of the mitotic phase known as

A. anaphase

prophase
telophase Use the following information to answer the next question.
D. metaphase

Some Events That Occur in Various Stages of Oogenesis

DNA replication takes place.

Centromeres split; sister chromatids pull apart.

Homologous chromosomes align at the equator of the cell.

Homologous chromosomes separate; members of each chromosome pair move to opposite

poles.

B L 1D e

Match each of the events that occur in oogenesis numbered above with the stage at
which it occurs, as given below.

Event: 1 3 4 2

Stage: Interphase Metaphase I Anaphase I Anaphase II




D
S &ﬁv
I

‘\\i ‘-/// \

—from Levine and Miller, 1991

erical Response

Identify the stages in the comfer life cycle, as numbered above, that correspond with
thelettaslhatmpusmtmesestagcsondwdiayamz.

Stages:
Diagram: A B C D




Use the following information to answer the next three questions.

Researchers have found a gene known as p33. It codes for a protemn that binds to specific
areas of DNA and activates them. This causes the production of a set of proteins that halts
cell division or, m some cells, activates the cell's smicide program (apoptosis). The p53 gene
15 activated when a cell 1s damaged and/or undergoes a DNA mutation.

—from Seachrist, 1996

The normal function of the p53 gene 1s likely to

A. encourage a cell to undergo mitosis

. encourage a cell to undergo meiosis
prevent an abnormal cell from reproducing

prevent the transcription of a cell suicide gene



Use the following additional information fo answer the next two questions.

Research on the p53 gene was uutlally done with cancer cells obtained from a laboratory
amumal. These cells were grown in a petn dish. A cell wath two normal p53 alleles was found
to have normal cell division. Cells with one normal and one mutated p33 allele were also
found to have normal cell division. Cells that had mutations in both p53 alleles were unable

to control cell division and were associated with cancer.

The 1nitial research findings descnibed above

A. demonstrate that the activated p53 gene causes cancer in lab animals

demonstrate that the p53 protein causes the formation of cancer cells

indicate that the normal p53 gene 1s responsible for preventing cancer in all
mammals

B
C
@ indicate that the normal p53 gene 1s responsible for preventing cancer under
laboratory conditions



Gene therapy that might stop uncontrolled cell division due to the mutant pJ3 allele
would require

@ one functional p33 allele to be successfully inserted 1nto cancer cells
two functional p33 alleles to be successfully inserted into cancer cells

C. one functional p33 allele to be successfully removed from cancer cells
D. two functional pJ3 alleles to be successfully removed from cancer cells



Use the following information to answer the next three questions.

Investigators were interested in determuning the role chromosomes play in the formation of
the mutotic spindle. Using extracts of eggs from the African frog Xenopus laevis, they
monitored spindle assembly in a test tube. The researchers replaced the chromosomes with
beads coated with random sequences of DNA. The beads served as substitute genefic

matenal, but centrosomes (centrioles) were absent. As well, a part of the centromere was
missing.

Simplified Diagram of Normal Mitotic Cell

|l——

2

R)
4

—from Travis, 1996

Which of the structures numbered above was replaced by the beads in the
experimental setup?

A

>

= o



Use the following additional information to answer the next question.

Other studies showed that the phase that mvolves pulling chromosomes to the two poles of

mutofic cells can be delayed for up to 4.5 h by pulling a chromosome out of line from the
centre of the cell

—from Travis, 1996

The phase that 1s delayed and the phase where the chromosomes line up at the
equator are, respectively,

A. telophase and anaphase

B. metaphase and prophase
interphase and telophase

Q anaphase and metaphase



