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cellular differentiation

o 1s the process by which a less specialized cell becomes a
more specialized cell type.

2 occurs numerous times as the organism changes from a
single zygote to a complex system of tissues and cell types.

a2 a common process in adults as well: adult stem cells divide
and create fully-differentiated daughter cells during tissue
repair and during normal cell turnover.
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o causes a cells size, shape, polarity, metabolic activity, and
responsiveness to signals to change dramatically.

o these changes are largely due to highly-controlled
modifications in gene expression.

different cells can have very different physical
characteristics despite having the same genome.

a cell that 1s able to differentiate into many cell types 1s known
as pluripotent.

o called stem cells 1n animals
o called meristematic cells in higher plants
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a cell that 1s able to differentiate into all cell types 1s
known as totipotent.

in mammals, only the zygote and early embryonic cells
are totipotent, while in plants (and 1n animals), many
differentiated cells can become totipotent with simple
laboratory techniques.



Totipotent
Morula

Examples:
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What 1s Cloning?

2 cloning 1s the process of forming 1dentical offspring from a
single cell or tissue of a parent organism.

both the clone and the parent have identical or near identical DNA
(random mutations occur)

does not result in variation of traits

o considered a form of asexual reproduction

clones occur naturally
example)
2 Hydra undergoing mitosis during the process of budding
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example:

=« Hydra undergoing mitosis
during the process of budding

= Runner of a strawberry plant

= Monozygotic twins (zygote i

undergoes mitosis and splits sz cost
into two)




Cell Division
The Cell Cycle

Plant Cloning

2 In 1958 Fredrick Stewart produced a carrot plant from a
single carrot cell

now cloning is widespread in the agriculture/horticulture
industries.

0 1t 1s desirable (profitable) to have plants of predictable
characteristics

Easy to clone plants: carrots, tobacco, lettuce
Hard to clone plants: grasses, legumes.



Break carrot into 3 or 4 pieces

lON|NG Wash carrot taproot

Trans‘er to soil loptional)
\ Root and shoat development
in 4 10 B weeks Aagion whers
cores are taken

S
Cut transversely
in sterile pstri dish /
Cailut feemation ind to 6 \Iaek: l
3 ” oo \

Transfer to shoo0t
deveiopment medium

\

Place disks on czllus initiation madium

source: Carolina Biological




Cell Division
The Cell Cycle

=« Animal Cloning
a2 Robert Biggs and Thomas King

= 1nvestigated nuclear transplants in frogs.
= first to clone a frog.




Cell Division
The Cell Cycle

the cloning of the sheep “Dolly” by Dr. Ian Wilmut’s team was
the first to clone an animal using adult cells.

2 the nucleus of an udder cell of an adult sheep was placed in
the enucleated egg cell from another sheep.

the egg developed 1n a Petr1 dish until an early embryo
stage.

2 then the egg was placed into the womb of another
sheep.




O unfertilized eggs are
collected from a donor
animal. The nudei of
these cells are removed.

egg donor udder cell donor
0 udder cells are collected
“ from the genetic donor
. - animal and cultured in
4 a medium that stops
cell division.
»
»
egg cells

collected
nuclei removed udder cells
i i G The nuclei of the udder
cells are transplanted
into the egg cells.

nuclei transplanted

(o

electric current
applied Q The cells are treated
/S with an electric current
cells are cultured; ¢ ' to restart the cell cycle.
somedivide .
3 The resulting cells are
early embryo cultured. Some begin
to divide to produce
early embryos.

embryos implanted
into surrogate mother
o The embryos are implanted into
the uterus of a surrogate mother,
One embryo survives to produce
a lamb that is genetically identical

Figure 18.23 Wilmut’s team cloned an adult to the donor of the udder cell.

sheep by inserting the nucleus from one of the
sheep’s cells into an egg from which the nucleus
had been removed, The key to Wilmut's success
was ensuring that cell cycles of the donated . y y
nucleus andgthe egg cel}l' were synchronized. < offspn.ng Dc_)lly o

Even so, only one of almost 300 trials was pr | genetically identical
successful in producing a live cloned lamb. 4 J] totheudder cell donor
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2 DNA donor: adult Finn Dorsett Sheep

a2 Egg donor: Poll Dorsett Sheep

2 Womb provider: a third sheep

2 Clone: Dolly was a clone of the adult Finn Dorsett Sheep

http://en.wikipedia.org/w
iki/Dolly (sheep)
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The Killer Task of Cloning

Copying mammals fails 98 percent of the time.

Fears surrounding cloning are based more in hysteria than in science. After all, producing a genetic duplicate isnt
oxactly a rip to the Xerox maching; cloning is really hard. Researchers face significant drop-offs in success rates
at oach step of the process, and less than 2 percent of their efforts produce a live animal, Dolly the sheep arrived
after some 250 attempts, and she lived only half as long as the average ewe. Until the science improves, there's
not much to be afraid of, -~ Greta Lorge
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Cell Aging

Telomeres

o are caps at the ends of chromosomes.

2 they reduce 1n length each time a cell
undergoes the cell cycle

2 have arole in cell aging and cancer cells.

o the length of telomeres 1s affected by the
enzyme telomerase.
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a as cells go through the cell cycle their telomeres
become shorter.

eventually the telomeres become very short and
the cell stops going through the cell cycle and
dies.

0 telomerase 1s an enzyme that keeps the
telomeres long but is only found at limited
levels in somatic cells.

embyronic stem cells have a high level of
telomerase.

0 telomere length acts as a biological clock.
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o the case of “Dolly” the prematurely aging
sheep.

Dolly was cloned using an adult nucleus
with telomeres that had already began to
shorten.

Dolly developed arthritis and died of a
lung disease at only half her life
expectancy. (controversy)
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o the case of Cancer

cancer cells never seem to lose their
ability to divide.

0 the telomeres of cancer cells do not
shorten.

0 telomerase is reactivated in cancer
cells allowing the cancer cells to
maintain telomere length and keep on
dividing.



Life cycle
-
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« Formation of sex cells during meiosis is
gametogenesis

« Cytoplasm of female gametes does divide
equally after each division- oogenesis.
« One of daughter cells, , receives most of
cytoplasm
« Other cells, die, and nutrients are
absorbed

o Only cell is produced from meiosis

22



Meiosis II- splits 1% polar body and forms
3" polar body- all disintegrate.

Sperm fuses with (egg cell)
Egg does
Egg cells require nutrients

Fuel future cell divisions in event
that egg cell becomes




}. 9 born with 400 000 egg cells (only 400 mature)
« 1000 egg cells within ovary every 28 days

« Only 1 egg cell leaves ovary, the rest break down and
are absorbed by body

N - cell that produces egg cells

e Does not continue to divide after a woman
reaches puberty

« Asa 9 ages:
« # of egg cells in ovary declines until about age 50 or 60

« No eggs remain in ovary =




Diploid cell

U
Prir f’r”l DO cyte,

arrested in prophase
of MEIOSIS 1

At puberty

Secondary oocyte,

arrested at meta-
phase of MEIOSIS I1;
released from ovary

Ovum
(haploid)

@
25

@ In embryo

leferentlatlon and
onset of MEIOSIS I

400,000 primary
oocytes

@ Present at birth

Completion of MEIOSIS I
and onset of MEIOSIS 11
Entry of sperm triggers
completion of MEIOSIS 11

Second

First
polar body

@

polar body

Copyrnight & 2003 Pearson Education, Inc., publishing as Benjamin Curmmings.



Spermatogenesis Oogenesis

spermatocyte
chromosome
number
/ \ First meiotic
23

©

first polar body

Second

S\ w /\ |
(

polar bodies

ootid

four sperm cells




Diploid
Cells that give rise to

Are capable of many mitotic divisions before meiosis
ever begins

Males can produce sperm cells every day

Sperm cells show equal division of cytoplasm

Because of their function, sperm cells have much
cytoplasm than egg cells




Epididymis

— Penis

Testis ‘_O 17
Scrotum ———~ P

@ Diploid cell Testi.; » l: |

Seminiferous tubule

Cross section of // E
seminiferous
tubule

(m prophaf MIOSISI) N—
/ \MEIOSIS I completed %) “Ri’

Differentiation and
onset of MEIOSIS 1

Op gy
aploid; double chromatids \eAos
AN I
MEIOSIS 11 % 1 \?; %;;. 8
2 FJ;" |
@ @, Developing sperm oells/ i
(haploid; single chromatlds)x\’ . . Q
Differentiation \ f',"’ ,f

/‘-;“/ .— = _‘ -
Sperm cells N

S Center of‘
(haploid) seminiferous
tubule

Copynight © 2003 Pearson Educalicn, Inc., publishing as Benjamin Cummings.
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r SUMMARY OF
GAMETOGENESIS

head.
Time ————»
Prenatal Birth Puberty Fertilization
oogenesis B S first polar body  second
4 : ; polar body
. ™ Mitosis &, U= @ ™ Meiosisi Wy "eesunnMeiosis|||nennnnuy “ Meiosis Il ‘@)
' i ’ Part 1 Part 2
oogonium primary primary secondary secondary fertilized
oocytes oocyte oocyte ooéyte (ovulated) ovum
Oogonia Three months One or a few oocytes  Meiosis arrested C When ovulated, the
divide by after concep- complete meiosis | in metaphase II. secondary oocyte
mitosis tion, the ovaries every month after is fertilized in the
and produce contain two puberty (ovulation). uterine tube and meiosis
primary million oocytes, is complete. Otherwise,
oocytes. arrested in the oocyte degrades.
prophase 1.
o /
spermatogenesis DY _»
y &) =
(D) sunnnn ()] = Mitosis = Meiosis| '  Meiosis |l L
= \ N S ‘) - § P
VP =
spermatogonium |spermatogonium,  primary secondary  spermatids | sperm
spermatocytes  spermatocytes

Spermatogonia Sperm are produced

be.gm_dlwdlng in the human male . diploid

mitosis at from puberty throughout

puberty. adult life. B haploid 29

Figure 16.16 The processes
of spermatogenesis and
oogenesis in mammals.
This illustration is not
drawn to scale. In reality,
the diameter of the egg is
about 20 times greater than
the length of the sperm




. all organisms use haploid & diploid
stages in same way
a which one is dominant (2n or n) differs

between haploid & diploid

» have to for sexual reproduction

a but still

Haplond cells (n)

/g/ » 7 n}TOSIS
MITOSIS n
-
MITOSIS AL )"
{ <D MITOSIS

©
X

- [
/ Y

=

Gametes

Y- 2n () )
S /

MEIOSIS FERTILIZATION
~@—
Zygote (2n)

(a) Some types of algae

Diploid
mdwndual (2n)

MEIOSIS

( \
\

\
Gametes| |
(n) )/

FERTILIZATION
Q /
Zygote (2n)

MITOSIS

(b) Most animals

Haploid cells (n)

00
79 %u -
MEIOSIS MITOSIS
Haploid

individual —
&)

on " %/;/“'fﬁ

DiPIoidﬁ:'

individual GameteéD J
(2n) u (n)
MITOSQ FERTILIZATION
@——

Zygote (2n)
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(c) Some plants and some algae



Haploid multicellular
@  Gametes () organism

@\/

Mitosis Mitosis

Diploid SSU
multicellular Mitosis Zygote
organism
(a) Animals (b) Most fungi and some algae

Haploid multicellular
organism (gametophyte)

Mitosis Mitosis

Gametes

|Fertilization|

Diploid multicellular
organism (sporophyte)

[ Haploid

(c) Plants and some algae O piploid

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.
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- Plants also form gametes, by meiosis
. Pollen cellsare @ sexcells
.- Egg cells are stored in a variety of

structures
. Contain a chromosome number

- Fusion of @ and @ gametes restores
chromosome number

32



Plants vs. Fungi Reproduction

Generalized Plant Life

Cycle

Meiosis

Diploid
organism
2n (sporophyte)

Haploid n
organism
(gametophyte)
Gamete
production

and
take
turns reproducing
each other

Heterospor
p y @o}hyte(?)
Megaspore (n) L 0

Microgametophyte (&)

EQQS (n)

/ [ Meiosis | ; (n) :

Spore Microspore (n) Sperm (n)

cell (2n) Spore mother cell (2n) Zygote (2n)
Sporangium (2n) Embryo (2n)

Sporophyte
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6 Mitosis and

development X Sperm (n) (released from

o>

S their gametangium)
Spores @go — o
(noo 2 | T Gametangium
o Gametophytes “ag¥. N A £ containing the egg (n)
(n) P (remains within
2 gametophyte)
HAPLOID L
Meiosis Fertilization
LY DIPLOID -
Sporangium

Zygote

Q Mitosis and (2n)

Gametophyte development

4 L 2N AN A
DN S 2l 'I.. : 7 :
(n) SN s oy

'\

Sporophytes (growing om gametophytes)

Copyright @ 2003 Pearson Education, Inc., publishing as Benjamin Cummings.

34



@ Mitosis and
development

&
Spores AR

@ Gametophyte (n)
(underside
HAPLOID . ,
Meiosis | : 3 Fertilization |
Sporangia ¥ DIPLOID
o\ .\ 4 2

Zygote
(2n

€ Mitosis and
development

B et a0 al
w"'»’d&'«*?.»&;i

SR
J“ﬂ »i“l"#~ )

L

Nt R AT New sporophyte growing
R e out of gametophyte
Sporophyte (2n)
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1
f |\ Female gametophyte (n)

©) Haploid spore cells in f |
ovule develop into | f
female gametophyte, '\ 3 \
which makes egg. h, / = © male gametophyte (polien)
\ & ] grows tube to egg and
S Egg (1) makes and releases sperm.
! s — Sperm (n)
Male gametophyte
: (pollen grain)
Meiosis | <) alidel Fertilization |

DIPLOID

Scale

© Pollination f ’ £
HAPLOID o % Integum'

Pollen grains /
9 /o, @ Female cone

(male
gametophytes) 4 4. bears ovules.
(n) 7

© zygote develops
into embryo, and
ovule becomes seed.

Meiosis

. _/-"-’:‘q".' ‘
= o N
e e Seed

) Seed falls to
ground and germinates,

and embryo grows

@ Male cone produces /&—’“ 7H /
Sporophyte into tree.

spores by meiosis;
spores develop into
pollen grains.
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ovule develops into

female gametophyte, e \/'
which produces egg. @i_ |
P <IT © Pollinati

@ Haploid spore in each Egg (n) / 3
l .

on and

Ovule growth of tube
~ @ Haploid spores pollen tube
in anthers develop e
into pollen grains: &%
male gametophytes —_—

Pollen (n)
HAPLOID

DIPLOID

Seeds

| @) Seed germinates

and embryo Z
grows into |
plant, f

\'.
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