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Meiosis &
Sexual Reproduction
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|Cell division / Asexual reproduct@&

= Mitosis ﬁ
+ produce cells with same informatioﬁ

= identical daughter cells

« exact copies QS
o

= clones
¥ o
+ same amount of DNA t
= same number of chromosomes 3 &
£

= same genetic information
Dy
Aaaargh! g‘
I'm seeing

double!
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IAsexual reproduction

= Single-celled eukaryotes
reproduce asexually
* yeast
« Paramecium
« Amoeba
= Simple multicellular
eukaryotes reproduce
asexually
« Hydra
* budding

What are the
disadvantages of
asexual reproduction?
What are the
advantages?
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Budding in Yeast

Binary fission in Amoeba

MCC BP

|How about the rest of us?
= What if a complex multicellular organism
(like us) wants to reproduce?
«joining of egg + sperm
= Do we make egg & sperm by mitosis?

+ )
sperm

zygote

Based on work

€gg
MCC BP

:"""‘I'::.’Fm_" ‘ Human female karyotype
0 o on
VOION o oet 2 ou

1 1z

LI T I T BT SR S ]

el 18

2005-2006



MCC BP Based on work by K. Foglia

Human male karyotype

I I O (|

\How do we make sperm & eggs?

= reduce 46 chromosomes — 23 chromosomes
« half the number of chromosomes

meiosis 99 ) ‘

sperm
MCC BP

fertilization

|Meiosis: production of gametes
= Alternating processes, [ wmicdn  Hagioid gamates (n=23)
alternating stages HLpeees e
+ chromosome number
must be reduced /'f\
= diploid - haploid Lol
=2n—>n
+ humans: 46 —» 23
= meiosis reduces Eﬂ
chromosome number 1 e f-? ““"
«+ fertilization restores “‘J e \ r
chromosome number "—“} uF' e
= haploid — diploid I \_
wecep 12N e
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IHomologous chromosomes

" Paired chromosomes

+ both chromosomes of a pair carry genes
= control same inherited characters
= homologous = same information

homologous
chromosomes

S 00 0

1) AN

double stranded
homologous chromosomes

|Sexual reproduction: Fertilization

) -1 copy (

) < - haploid ¢ (
-1n

from Mom from Dad

(7 ¢

)] - 2 copies
y (

- diploid
MCC BP -2n

IMaking gametes for the next
generation < ) -2 copies

- diploid

)) < - 2n

We're
mixing things
up here!

& 0 = &

P 1% -1n
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IMeiosis = reduction division

= Meiosis oy ?gl“plllolﬂJZH

« special cell division in Germ-
sexually reproducing \w'" N
or i MEIDSIS
ganisms e
e reduce 2n - 1n (=]
. . . 2n n 'Y E
« diploid = haploid Sperm (haplaid)
(haploid) n
= half
+ makes gametes P
cells cells FERTILIZATION
= sperm, eggs
L ygote
idiploid) 2n

Warning: meiosis evolved from mitosis, so stages
& “machinery” are similar but the processes are
vradically different. Do not confuse the two!

[ Imivmbone sotMaivale |
|Double division :m$:.~m

of meiosis QJ/

DNA replication

1st division of
meiosis separates
homologous pairs

2nd division of
meiosis separates

vcc Sister chromatids el ————
Preparing for meiosis ( )
= 1st step of meiosis (
+ Duplication of DNA D)
+ Why bother? ) e
. . . . stranded
= meiosis evolved after mitosis
= convenient to use
“machinery” of mitosis
= DNA replicated in A
S phase of interphase X
of MEIOSIS X
(just like in mitosis) X
A X 2n=6
MCC BP M1 prophase il s?rc;%l:d
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MCC BP
H . . 2n=4
|Preparing for meiosis ( Sl
stranded
= 1st division of )
meiosis separates X
i 2n=4
homologous pairs orophasel XAA e
AA 2n=4
i metaphasel double
synapsis stranded
telophasel
tetrad dln =b|2 XA AX
mcc eP stranded - 4
|Meiosis 2

= 2nd division of
meiosis separates
sister chromatids

What does
this division
look like?

In=2

double
stranded

MCC BP

oE ) k()

In=2
double

A A stranded
X" X

prophase2

metaphase2

telophase2

|Steps of meiosis

= Meiosis 1
e interphase
e prophase 1
¢ metaphase 1
e anaphase 1
o telophase 1
= Meiosis 2
e prophase 2
¢ metaphase 2
+ anaphase 2

wecse ® t€lOphase 2

1st division of
meiosis separates

homologous pairs
(2n —> 1n)

2nd division of
meiosis separates
sister chromatids
(In — 1n)

* just like mitosis *
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MEIOSIS
Separates homologow FOMOSONESs

INTERPHASE PROPHASE | METAPHASE 1 ANAPHASE |

Chiasmata Microtubuls Sister chromatids
ached

attached to  Metaphase s i,
kinelochore  plate \

Muclear  Chromatin Sister Totrad

envaiope chromatids {with kinatoch separate
Homologous
Tetrads line up Pairs of homologous
duplicate pair and exchange
sogmeonts

MCC BP

MEIOSIS II:
Separates sister chromatids

P PROPHASE || METAPHASE Il  ANAPHASE Il ot
AND CYTOKINESIS AND CYTOKINESIS

Sister chromatids Haploid daughter
separsle calls forming

A%
Two haploid cells b iy . L
:,- still double " During another round of cell division, the sister chromatids finally
soparate; four haploid cells result, singla
chromosomes
veese s

,i/Meiosis 1

'Prophau I

MCC BP
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Meiosis 2

Metaphase Il Anaphase Il
=

MCC BP

Telophase Il

Py

Mitosis vs. Meiosis
_______miosis |
(et Parent cell Chiasma [sits of -
Y Y O (), rrosseee:
i A L ity ) St N/ Tetrad formed by
e Shremorem b < oy o homelogous
2 —r
A
Metaphate |‘- ot Aemarisiiotogs il 'ﬁ.‘;!“;lhm /f:":\\J Metaphase |
% V.
Anaj 7
'rm;hl:..:. _ s-w::mma m-::.,,___\{ — et :
/ -\m“::"_, " ::;'in:::n (.. i \\ﬁ e
b % - & /) n=z
K_"j] !-’}:_’:‘-. m‘rﬁ'ﬂw T é},‘:"'
N =7 | '."-'""-'.'I |

i" o _r \x_\ (' s MEIDSIS It

glnei {F s W i, B .

oimiosis \;) =),EE),

Daughter cells of meiosis |1

Na furthar chromasomal replication;

'Mitosis vs. Meiosis

= Mitosis
« 1division
«+ daughter cells

genetically identical
to parent cell

« produces 2 cells

e 2n—2n

« produces cells for
growth & repair

+ NO crossing over

MCC BP

= Meiosis
« 2 divisions

«+ daughter cells
genetically different
from parent

« produces 4 cells
¢ 2n—1n
« produces gametes

+ crossing over
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|Crossing over

= During Prophase 1

T
+« homologous pairs swap m
l

pieces of chromosome
o sister chromatids intertwine

e Crossing over

tetrad :>X X X
) /> e

MCC Esynapsis

; |

Whaf are the
of
sexual raproducflon”

|Crossing over

= 3 steps
# Cross over

« breakage of DNA
o re-fusing of DNA 3“
= New combinations of traits S

>R K>K K>

Mcc BP ity

/Genetic variation

" Meiosis & crossing over introduce
great genetic variation to population

o drives evolution

MCC BP
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|The value of meiosis

= Meiosis introduces genetic variation
+ gametes of offspring do not have same
genes as gametes from parents
« genetic recombination

= random assortment in humans produces 223
(8,388,608) different combinations

) ) )
) ( (¢ (¢
b

v from Mom from Dad

IAnd more variation...

= Crossing over gﬁlﬁ.'ﬁ::e@

« creates completely new cel T Chromosoms
combinations of traits - duplication
in next generation @

gmloslsl

XX =
— Haploid gametes

MCC BP

IRandom fertilization

= Any 2 parents will produce a zygote
with over 70 trillion (223 x 223) diploid
combinations

2005-2006
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|Sources of genetic variability

® Genetic variability in sexual reproduction
Py e independent assortment

w = homologous chromosomes in Meiosis 1

@ e Ccrossing over

Kigr- = between homologous chromosomes in
prophase 1

,}}, ~ erandom fertilization
: = random ovum fertilized by a random sperm
XX XX XX XX
metaphasel AR KR AR = KRR

Sexual reproduction creates variability

Sexual reproduction allows us to maintain both
genetic similarity & differences

Michael & Kirk
Douglas

\ = " &

Baldwin brothers Martin & Charlie Sheen, Emilio Estevez

|Differences across kingdoms

= Not all organisms use haploid & diploid
stages in same way
+ which one is dominant (2n or n) differs

« but still alternate between haploid & diploid
= have to for sexual reproduction

Haplaid cels (7] Diglaid Haploid cals fr]
S@ individual (2n) ) LN
= Tost < > MEIOSE  ©  MITOSIS
wmosis | MTOSS MEiDsIS y Haplold,
\ Indevidusl
Mmosis % 9 r § | 5 i)
9 <M ogls.. 2n c:““._ 1 d-:l = :
3 : | foid | '
2n SoTetes \ in) el Gamated
g witoas ¥ @) - ()
MEIOSIS FERTILIZATION ’ FERTILIZATION . y
(- ~@— MITOSIS o [FERTILIZATION
Zygate (2n) Zygote (20} Zygote (2n)
{a) Soma types of algae 5] Most anirmals. {c) Some plants and some aigae
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sexual reproduction?

MCC BP

Any Questions??
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