Cell Cycles & Life Cycles
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Cell Cycles, Sex, & Ploidy

1. DNA is the molecule of inheritance.
2. A chromosome is one long dsDNA.

> In eukaryotes, the dsDNA molecule is wrapped
with histones & other proteins to form
chromatin.

3. A gene (a discrete unit of heredity) is a
specific region of DNA on a chromosome.
» Specific gene: instructions for a specific protein
4. Each chromosome = 100s—1000s of genes.

The Cell Theory
“Cell Doctrine”

3. All cells arise from previous cells.
“Omnis cellula e cellula!”’

.. cellular reproduction must include
copying & transmitting DNA

Cellula e Cellula

* Growth & Development
— New cells produced
— Need the right number of cells
in the right location
« Either too few or too many is bad.
* Cell Replacement

— Lost or damaged cells
replaced

* Asexual Reproduction
— New organism formed

Sea star regenerating

Cellula e Cellula

* Cells divide to reproduce

.. Asexual Reproduction
offspring from single
parent (daughter cells have
identical DNA as parent cell)

. Sexual Reproduction
offspring from union of
egg and sperm (combine
some DNA from both parent
cells)

Sperm cells and egg cell

Prokaryotes wre G )z

Divide Asexually N

+ Binary Fission “to splitin
half”

x A Chromosome (1 DNA _ l el
molecule) is duplicated, v ™\
separates, and then cell | @ & )
divides ﬁﬁ
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Eukaryotic Cells Have Multiple
Chromosomes

« Eukaryotic cells have 5—20x
more DNA per cell than do
bacteria.

« Divided into linear dsDNA +
histone & other proteins :
chromosomes

« If straight, typical chromosome
would be ~ 4 cm long.

+x Humans have 46 different
chromosomes

— So collectively amounts to ~2 m
long dsDNA packed into each cell
nucleus!

(4 m after replication!)

Division [
|

vative

Chromosomes Must Duplicate Before

Chromosome
distribution
to
daughter

cells

Sister Chromaticls

Human duplicated chromosome

i Chr
Replication] l duplication

U Sister
fich rr&:irl'lailcls

Chromosome duplication
and separation

|

x In division, each new

Eukaryotic Cells Have Multiple
cell needs the correct
number and kind of

Chromosomes
l’?é@
]
ChFOI nosomes

—Replicate and divide chromosomes in
nucleus

—Distribution of organelles

The Cell Cycle

* Ordered sequence of
events in a cell’s life e
+ Interphase (G,/S/G,): \
90% of cellcycle [/ / s L
— Most cellular activity | .
+ Mitotic phase (M) |\ . '
— Mitosis = nucleus b ]
divides
— Cytokinesis =
cytoplasm & plasma
membrane divides

— wTsE

The eukaryotic cell cycle

The Cell Cycle

Interphase:
1. Gy: Growth stage, part 1

= Cell is metabolically
active and grows larger / o

P S

2. S: Synthesis stage |

= DNA is replicated l/ _Q{; &

2. G2 Growth stage, part 2 £

growth

5
(DA synthesis)

= More metabolism & Ea Y (—

The eukaryotic cell cycle

S Stage —
All cell reproduction requires
DNA duplication
+ Each cell must have its own copy of
genetic material
—DNA replication in S Stage of
Interphase

* Then DNA must be separated
(segregation) so that each cell has a
complete copy

—Mitosis of Mitotic Phase
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Duplicated chromosomes

HHmmmlm|H\I}i['ymnmmﬂ'mnHHH i One chromatid

Sl )— Sister chromatid

Centromere

+ Duplicated chromosome: two sister
chromatids

x Sister chromatids contain identical DNA

* Sister chromatids are held together by
the centromere

% Early mitotic phase:

chromatin

condenses into
e distinct

. double Histones

b chromosomes

(d
L'\
Nondlvudlng Chromatin
in nucleus \‘}'{

Nucleus Supercoiled

region
/]

Visible
chromosome

Cell prepared
tor division

chromatin
condenses into
distinct
chromosomes

Chromatin
Chromosomes

Mitosis

x Sister chromatids
separate, move to
opposite poles

x Sister chromatids
are now
“unduplicated
chromosomes”

* Cell elongates

Daughter
chromosomes w

Late Mitosis

= New nuclear
envelopes form

x Chromosomes
de-condense

* Cytokinesis begins

Nucleolus
forming

Cleavage
furrow

Nuclear
envelope
forming

ot 2t
Vesicles Wall of
forming parent cell

cell 9"’“ N Cell plate Nsw coll wall

‘.J"JJ"JJ

Bnugnbortella
(b) Cell plate formation in a plant cell TEM)
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Intophase

Mitosis without cytokinesis
= Syncytium

Skeletal muscle fibers Lo !
Multiple

}Muscle fiber

— Plasmodial slime mold

= Giant or elongated
cell with multiple
nuclei

i

Figure 40.5

Cells Arise From Preexisting Cells

.. Asexual (Mitotic) Reproduction
a. Mitosis: production of two
identical nuclei
b. Cytokinesis: physical
division of the cell into two

1. Sexual (Meiotic) Reproduction

a. Meiosis: production of four
non-identical nuclei

b. Cytokinesis: physical
divisions of the cell

c. Fertilization: fusion of two
sex cells

d. Syngamy: fusion of
two nuclei

Ploidy: how many copies of
the same chromosome?

Duplicated chromosomes

+ Haploid: one version of Ve Ay X N

each chromosome (n) N
+ Diploid: two versions of Ve X AX

each chromosome (2n) A X )

Polyploid: many versions
of each chromosome

*

e - ~

XA X A
aSNN X
Aneuploid: abnormal
number of chromosomes

*

- NS A
LA

Diploid cells have
homologous pairs of chromosomes:
1 set from mom, 1 set from dad.

Two sister chromatids
of one replicated
chromosome

Centromere

Pair of homologous
chromosomes
(one from each set)

chromatids in S,
a homologous pair

| 7

Cellular Divisiot

Levels of Doubles —

+ Each chromatid contai
double-stranded DNA

— Two complementary
strands

Chromosomes
bl

e =0
* Each duplicated sEls e
chromosome contains ; i
sister chromatids

— Two identical sisters Centromere

+ In diploid organisms,
chromosomes are in pair

- Two homologous \
chromosomes Sister chromatids
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Homologous chromosomes (homologs):
same set of genes, but maybe different
versions of those genes (alleles)

Allole for purple Nowers.

-

Locus for Homologous
flower- pair of
gene ehromosomes.
" s
; re - y
Allole for white flowers

Meiosis: Reductive Division of
Diploid Cells

— Reduces Chromosome Number in Half

x Meiosis has 2 consecutive divisions

—Meiosis I: Homologs separate from
homologous pairs (diploid—haploid)

—Meiosis II: Sister chromatids separate
(duplicated — unduplicated chromosomes)

Chromosomes Matched in
Homologous Pairs

LS

«Each human cell
v'23 pairs
= 46 chromosomes
v'"Homologs: same size,
shape, band pattern,
position of centromere,
and gene loci

e —

"‘—" o P

wd . Eges =
i e
Dw  gaey g

53
383

o

Human karyotype

Meiosis Il

In both cells from first
meiotic division:

+ Sister chromatids
separate

« Daughter
chromosomes now
unduplicated

+ Total of 4 haploid
cells produced

Sister chromatids Haplaid daughtar calls
separate forming
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Meiosis |

*» Homologous pairs |

separate N ’
* 2 new daughter \ jf’*’ ‘5

cells

+« Both are now
haploid,
but with
duplicated
chromosomes

Mitosis & Meiosis Qompared

mitasis __\%3 \\ :Llr]::id(:n;

S —

dipleid {2n) somatic cell

% :7& W \ haploid (n)

meiosis —_— cells
W\
diploid (2n) germ cell

« Mitosis separates chromatids in a single division event
— If diploid cell— then diploid daughter cells
— If haploid cell— then haploid daughter cells

« Meiosis | separates homologs, then
Meiosis Il separates chromatids

— Diploid cell— Haploid daughter cells
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Oogenesis:

Spermatogenesis: but
* one primary oocyte —

one primary spermatocyte —

\/
o ?

Meiosi:

© © doesn’ 1\
j \ / \ alway:
LENSY create. O

T cells.

RARAL

PRARA

— 4 sperm™ ™ “\ — 1 ovum + 2 polar bodies
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Sexual Reproduction
Produces Genetic Variation

x  Variation arises from

I.  Independent chromosome assortment
in meiosis

II.  Crossing-over between homologous
chromosomes in meiosis

Ill.  Random process of fertilization

Sex = Meiosis + Syngamy
B ./-'\\
> Y
Ve
Za Haplaid sperm
%I}’fl N
r \"-._ H ‘\\ .\
/ Y ~ \"
= fi’_:-‘ iz Diploid zygate
\:;/" I'\.._/ Hagloid egg
Meiosis: Syngamy:
2n = 1n in= 2n
Diploid & haploid Haploid = diploid

. Independent Assortment

POSSIBILITY 2
A

POSSIBILITY 1

hase of
melosis |

+ Homologs line up by chance in Meiosis |

+ Results in many different possible chromosome
combinations in gametes

+ 2" possible combinations (223 = >8 mill. for humans)

. Random Fertilization

* Fertilization is a random process

* A gamete (sex cell) from one individual unites
with one from another individual

* Given that a man can produce 2% genetically
different sperm, and a woman can produce
223 genetically different ova:

» One mating couple can produce a diploid
zygote with any of >70 trillion combinations
of chromosomes! (223 x 2%3)

* (Not even counting variation from crossing-
overl)

Sexual Life Cycles

Koy

Haploid
Diploid
Haploid multiceflular Haploid multicellutar
n  Gomele & organism {gamatophyts) organism
% Mitasis | n . Mitosis Mitosis n . Mitoss
B of - n 4
MEIOSIS |  FERTILIZATION Spores n n
Gamates Gametes n
MEIOSIS FERTILIZATION
2 Zygote 5, 2 MEIDSIS FERTILIZATION
= 20 zygate 20
iploid Mitosis i
multicellular organiem ol Zygote
organism (sporophyte)

Diploid life history Alternation of Generations Haploid life history
(animals) (plants) (fungi)
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Fertilization

« Two haploid sex cells (gametes) — one diploid cell (zygote)
1. Plasmogamy: fusion of gamete cell plasma membranes
2. Syngamy or Karyogamy: fusion of haploid nuclei

» Isogametes: both gametes contribute significant

cytoplasm to the zygote.
» Mating types: + or —

» Heterogametes: one gamete (ova) contributes
most/all of zygote’s cytoplasm.
The other gamete (sperm) only provides the
second haploid nucleus.

» Mating types: female or male

Gametophyte/Sporophvyte relationships in Terrestrial Plant Groups
PLANT GROUP

Mosses and other  Ferns and other seedless T s,

nonvascular plants vascular plants e anes o )
Reduced, independent - g quced (usually microscopic), dependent on surrounding

Gametophyte Dominant (photosynthetic and o5 oo te tissue for nutrition

free-living)

Sporophyte Reduced, dependent on

Dominant Dominant
‘gametophyte for nutrition

10cm - "
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Diploid (2n)
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\ Microsporangia \ .
Microsporangium (2n) T Surviving
Seedling megaspore (n)

Archegonium

Female
Sceds gametophyte —

Life Cycle of a

Conifer
(Gymnosperm)

Sperm
L [ aabdad nucleus (n)

(n)

I /(Sze"e)d coat
Poll
tube N

FERTILIZATION Egg nucleus (n)

Embryo

2

Key
Haploid (n)
Diploid (2n) Y/Microsporangium

Anth "
Mature floweron 1" 0" Microsporocytes (2n)
sporophyte plant - [ #

74 mEosis

(2n) ~ __‘1;-#;: e
) . Generative cell
‘isrk é;yome @) (5P / tipe cel
Y be.
v Male gametophyte
o Ovary (in potien gra'i’n)y‘ Pollen
Germinating 4 MEIOSS rains
Germ g v stigma— 9
Megasporangium
g Pollen—

. 4 Embryo (2n) \ fube /
Life Cycle of an | | Zendosperm amy /¢, M o
Anth hvt | Seed coat (2n) | S°® (";'9“”"”

style
n _Op yte Antipodal cells i
(Angiosperm) Fomale gametophyte) conyral cell)  —Pollen J
Synergids < tube L4
Nucleus of —— Eogin) =-sperm :'F
developing m W
endosperm
(an) FERTILIZATION

Zygote (2n) /
nocieus (n)

Discharged sperm nuclei (n)




Life Cycles

Sexual Variants in the Protista

* Unicellular Chlorophyte
+ Plasmodial Slime Mold

+ Cellular Slime Mold

+ Apicomplexan parasite

 Ciliate

Life Cycle of a Unicellular Chlorophyte
(Chlamydomonas)

Cell wall L
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Life Cycle of a
Plasmodial Slime Mold
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Mature
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Germinating sporangium
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Life Cycle of a Cellular Slime Mold
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