b1 THE NATURE OF HEREDITY



CELL DIVISION

e Process that is fundamental to life

o Unicellular species use this process to reproduce
o Multicellular species use this process for growth and repair

e Through the process, chromosomes are passed onto daughter
cells (heredity).
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DNA, Chromosomes, Genes, and Traits
with the Amoeba Sisters

Start at
2:06



http://www.youtube.com/watch?v=8m6hHRlKwxY&t=126

TERMS ASSOCIATED WITH GENETICS

Genetics: the study of heredity and variation.

Heredity: the passing of traits from parents to their offspring.

e Chromosomes are long coiled strands of DNA (deoxyribonucleic
acid) found in the nucleus of eukaryotic cells
o Each chromosome contains thousands of genes.
o Genes are segments of DNA (distinct sequences)
that code for a particular trait. centromere

loci of genes <

Figure 2 A typical human chromosome
contains thousands of genes. Each gene
is located at a different locus.



Parascaris

Species Oryza sativa Homo sapiens Pan troglodytes Canis familiaris

equorum

Chromosome # 4 24 46 48 78

Common Name

Roundworm Rice Human Chimpanzee




CHROMOSOMES

e Occur mostly in sets in multicellular organisms.
e In humans..

o diploid cells contain double the number of
chromosomes (2n). This is considered “normal
number” of chromosomes for body/somatic cells

o haploid cells (i.e. sex cells/gametes)
have half the “normal” number (n)

o polyploid have more than two sets of
chromosomes.

Haploid (n) Diploid (2n)
One copy of each chromosome Two copies of each chromosome

M | M
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REPRODUCTION

Asexual vs. Sexual
Reproduction

results in an offspring

identical to the parent.

Sexual reproduction

results in an offspring

that is a combination of

both parents.




ASEXUAL REPRODUCTION WV

The production of offspring from a * * *

single parent by cell division ¥/ MAy uAy \&
(without the use of sex cells) * *“# *

e Results in genetically 1identical individuals
Advantages:
e Do not need to seek out a mate (limit energy expenditure and risky
activity)
e Nothing left to chance - identical (invariability of offspring)
Disadvantages:

Little variation -
if the environment changes, individuals may no longer be well adapted



SEXVAL REPRODUCTION

e Offspring are produced from the fusion
of two sex cells, usually coming from
two different parent organisms.

e Results in offspring that are genetically
variable.

Advantages:

e Variation of offspring (non-identical)
If the environment changes, some individuals
may be better able to adapt.

Disadvantages:

Need to have different sexes, mating calls or mating dances, etc..
Requires more energy

Sex is biologically costly - attracting a mate can also attract predators (ie bright
coloured peacock).



ASEXVAL VS SEXUAL REPRODUCTION

R

Asexval and Sexval Reproduction
with the Amoeba Sisters



http://www.youtube.com/watch?v=fcGDUcGjcyk&t=59
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b1 TEXTBOOK REVIEW

- Summary

A fundamental aspect of reproduction is the passing on of genetic
information from one generation to the next.

e Genetic information is stored in DNA molecules within the chromosomes of cells.

 Portions of the DNA molecule, called genes, carry heritable information and
are found at distinct locations on a chromosome.

o Chromosome number, shape, and size vary from species to species.

o Asexual reproduction results in offspring that are genetically identical to their
single parent.

o Sexual reproduction results in offspring that are genetically variable. Offspring
inherit half of their genetic information from each of two parents.




.} ASEXVAL REPRODUCTION



MODES OF ASEXUAL REPRODUCTION [ COPIES AND CLONES }

Strawberry plants can send out Female aphids produce female
offspring (without a male)in the
spring through the spontaneous
development of an embryo from an
unfertilized egg cell. This allows
rapid population growth!

“runners”.

RUNNE

Hydra can produce offspring by
outgrowths of their bodies called
“budding.”

Budding Q Fungi can reproduce through
q&«r@%v F’ag"“e”“<8 fragmentation, when a piece breaks
“ror- ” jr off and becomes -independent.

o ) ) 2} e Hyphae

Wk, ) (all rely on cell division)

Fragmentation



CELL DIVISION

ca?\_‘ Division

Cell division consists

of both mitosis and

cytokinesis

o Mitosis: nuclear
division

o Cytokinesis:
cytoplasmic division
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cytokinesis complete,
cell enters interphase




Animal cell

CLEAVAGE
FURROW
e
CONTRACTILE
RING

Plant cell

GOLGU
VESICLES

Differences in cytokinesis




CLONING IS NOT LIMITED TO NATURAL PROCESSES...

HUMANS HAVE BEEN ABLE TO CREATE CLONES OF

CELLS/ORGANISMS USING THE KNOWLEDGE BEHIND
ASEXUAL REPRODUCTION
=>  (BIOTECHNOLOGY)




BIOTECANOLOGY - APPLICATIONS

e Biotechnology 1s
the field of
biology that
involves the use
of living things
in engineering,
industry and
medicine




PLANT CLONING

e In 1958, carrot plants were first cloned using single
carrot cells placed in a medium with hormones
e Commonly used to produce strains of plants with identical

characteristics

e Mature/specialized root cells
were extracted

e Special hormones/growth
medium cause the cells to
return to their
undifferentiated
(unspecialized state)

e Process of growth,
specialization and
development was kick started!

individual cells individual cells begin cells specialize
extracted growing and dividing and produce
from carrot a clone



ANIMAL CLONING

cytoplasm
‘ o egg cell donor (6
i s removed | ( T /
original adult ey \ “1 € — / i
/ \\ /‘ { ‘ (el )
| | \ / ‘!‘

e In 1996, Dolly was the SR | —
first mammal to be cloned 0 / *
e Removed body cell from J ‘
sheep to be cloned - meMa
e Removed nucleus from egg b\ mWM@m s
cell of an egg donor R \de
e Fused body cell with o g Y d \ = Vf, . Jj1 %
enucleated egg cell funod e el ) L Z ”
e Stimulated the egg cell to N»GDu,'
divide, grow and differentiate o NN
e Inserted cells 1into the e S /Immm
uterus of third sheep / (3%m\* .
nucleus nucleus

(surrogate mother)
® Doll Yy born 5 months later! Figure 7 In 1996, Dolly was the first mammal to be cloned from an adult body cell. The process

involved transferring an adult cell's nucleus into an egg cell in place of the original nucleus.



ANIMAL CLONING - IMPLICATIONS

e Shorter lifespan

e Suffer from a variety of health
implications (e.g. Dolly had lung
problems)

e Premature aging
(Dolly had arthritis)







APPLICATIONS AND IMPLICATIONS OF CLONING

e Mass production of high quality livestock and crop plants
o Implications: expensive, lack variation (vulnerable to environmental
changes and disease)
e Cloning genetically modified organisms
o Human insulin gene 1inserted into safflower plants

Figure 9 (a) Humulin is identical to human insulin and is produced by genetically engineered

(b) Now have 0l to produce the same
substance. They hope this will reduce the cost of this very valuable drug.

e Cloning endangered species
e Cloning extinct organisms difficult because of lack of DNA



b ) TEXTBOOK REVIEW

m Summary

Asexual reproduction results in offspring that are genetically identical to a
smgle parent.

« Cell division produces two daughter cells that are genetically identical to
each other and to the original parent cell.

« Clones have little or no genetic variability.
« Mammals have been cloned from adult cells, but only with limited success.

« Applications of biotechnology include the production of valuable
pharmaceutical and commercial products, high-quality plants and livestock,
and prize individual animals.

» Cloned plants and animals are more vulnerable to changes in the environment
and new diseases than are populations that exhibit genetic variability.

 Cloning may prove valuable in the fight to protect endangered species.
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k.3 SEXUAL REPRODUCTION



SEXVAL REPRODUCTION

e Unlike asexual reproduction, sexual reproduction produces
genetic variety.

e It involves two key processes:

o 1. Formation of haploid sex cells called gametes (meiosis)
o 2. Fertilization - when the sex cells join to form a zygote

Zygote




MODES OF SEXUAL REPRODUCTION

Most species produce two types of gametes

e E.g. In animals, testes produce sperm and ovaries produce
egg cells.

Plants (inc. mosses and ferns) also produce gametes.

e 1in higher plants, eggs are produced in cones and flowers
(sex organs) and sperm 1is spread as pollen grains

Many species have male and female individuals while others
are hermaphroditic.



Organism

bread mould fungus

willow tree

giant clams

earthworm

parrot fish

Canada goose

DIVERSITY IN SEXUAL REPRODUCTION

Types of individuals and gametes

“+” and “-” individuals produce
similar-looking gametes where they come in
contact

Separate male and female trees. Males
pollen grains and female eggs.

Young clams are males and change into
females as they mature

Hermaphrodites with both sperm and eggs

Separate males and females
Fish can change sexes
Sperm and egg cells

Separate sexes
Sperm and egg cells

Method of Fertilization

Gametes fuse forming a zygote

Insects pollinate flowers

External fertilization - all individuals in an area
simultaneously release their sex cells in the open
water

Internal fertilizations - two worms exchange
sperm, fertilizing each other’s eggs

External fertilization - sperms are released over
eggs in water

Internal fertilization



SEXVAL REPRODUCTION - METOSIS

e The production of gametes
(sex-cells) depends on the
process of meiosis

e Meiosis occurs in two stages ///\\\
(Meiosis I & Meiosis II)

e Results in 4 daughter cells that /\ /\

meiosis

have half the number of

diploid (2n) parent cell

meiosis |

two haploid (n) cells

meiosis Il

chromosomes (haploid) as the ' " ' four haploid (1) cells

diploid parent cell
e Offspring are genetically
distinct!



HOMOLOGOUS PAIRS

e Humans receive one set of DNA from an egg cell, and
one set of DNA from a sperm cell.

e As a result, all our somatic cells have 23 PAIRS of
chromosomes (46 chromosomes in total)

Vv, U
e We call these pairs HOMOLOGOUS PAIRS. ‘4'i§ x’ ﬁ {(
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meiosis

HOMOLOGOUS CHROMOSOMES ~ maernal > §Q e Fiemed - mieme B se 2
— geme fog hait colow
Have similar structural cm$;g;;%¢
features (e.g. size, banding pady
patterns, centromere positions)
Have the same genes at the same
loci position - while the genes A o NIVN 3N
are the same, alleles, a form
of a gene, may be different D:;prTW\
L2\08\S
Alleles help account for
different traits, e.g. blue, o Srom
brown, green eye colour — ~
—— —_—
Pair up with each other during e u&%ﬁﬁ&%



MEIOSIS - FOR THE PRODUCTION
OF GAMETES (RAPLOID CELLS)!




MITOSTS V'§ METOSTS

Mitosis vs Meiosis Comparison

with the Amoeba Sisters



http://www.youtube.com/watch?v=zrKdz93WlVk

Late prophase -prometaphase




Tetrad

Non-sister
chromat1ds

Homologous
Pair

During

XX

Synapsus Crossing Recombinant
Over Chromatids

synapsis, crossing over occurs

between non-sister chromatids - they

exchange segments.

This results in variation!



Metaphase |

Equatorial
plate




Anaphase |







END OF MEZOSIS |

Two haploid daughter cells
are formed.

diploid (2n) parent cell

two haploid (n) cells

four haploid (n) cells

Note: Meiosis 1 1is where

the reduction division

occurs (2n > n)



















I.'h/r;tosome Numbers Durmg Ceu Dcvmon

NITH the Amoeba Sisters



http://www.youtube.com/watch?v=gcz1FOWw0Cg

i Phase (Mitosis) # Chromosomes # Chromatids
EProphase 46 92
! Metaphase 46 92
iAnaphase 92 92
ETeIophase 92 92
EEnd of Mitosis (separated cells) 46 46
N ’ Phase (Meiosis 1) # Chromosomes # Chromatids
duonitiss 'Prophase | 46 92
EMetaphase I 46 92
[Anaphase | 46 92
‘Telophase | 46 92
;End of Meiosis | (separated cells) 23 46
i Phase (Meiosis Il) # Chromosomes # Chromatids
EProphase | 23 46
! Metaphase Il 23 46
iAnaphase I 46 46
ETeIophase 1l 46 46
lend of Meiosic Il (ceparated cell<) 23 23




RANDOM ASSORTMENT OF HOMOLOGOUS CHROMOSOMES

Random Assortment (metaphase 1)

. .--.G%Y —>
e Random line up of homologous

chromosome pairs at the cell’s

equator helps to ensure =g
variation. ==y 3Ry '

e The number of possible
combinations of chromosomes

depends on the # of chromosome .
pairs. For diploid (2n) organisms !
the number of possible combinations

: —
is 2"
e For humans, the number of possible

e

oY

i ggﬁ%%¥-——+ :

combinations is 223 = 8 388 608! . oY
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ai @@
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GAMETOGENESIS (MELOSIS)

e Gametogenesis: the production
of gametes (sex cells) 1in animals

e Spermatogenesis: production of
mature sperm cells

e Oogenesis: the production of
mature egg cells
e In oogenesis, cytoplasm does

not divide evenly
o Cells that do not receive enough
cytoplasm are called polar bodies
o One cell (ovum) 1is produced

Spermatogenesis

Primary

spermatocyte

Secondary Q
s e

‘/\Spermaﬂd

e

Oogenesis

Primary
00C -
=

I\‘ & First
polar body

Secondary
oacyte

Ovulation l




spermatogenesis

oogenesis

chromosome
number
P N
o 4 first meiotic
@ division
Y\ Y\
23 23 2 23 second meiotic _
division

four sperm cells

one ovum

/ N\
0

“\ I\

® @ @ @

three polar bodies



THE HAPLOTD-DIPLOID CYCLE OF SEXUAL REPRODUCTION IN HUMANS

Skin 46 \
- _ / Muscle 46 - MITOSIS
‘ 1 \ b —— 4’ Heart 46 /

Germinal Cells 46 MEIOSIS
(Oocytes,
Spermatocytes)

Gametes 23

/N M
f Sgg s
[ =40 .7
Ki. ;

- ~ o)




{
TYPES OF CELLS ©

JHAPLOID CELL n | ,DIPLOID CELL 2n |

Somatic Cells Gametes

* Human somatic cells have 46 * Human gametes have 23
chromosomes (23 pairs) - said chromosomes - said to be
to be diploid haploid

* The n value of a cell tells e n= the haploid number of
you how many PAIRS of chromosomes in a species; for
chromosomes that cell has. humans, n=23

2n = how many chromosomes
there are total. So for
humans, 2n for our somatic * Must be made by special cells
cells = 46 in the ovaries/testes by a
process called meiosis.
e Most reproduce by mitosis.




SEX CHROMOSOMES

In fe.males, sex chljomoson.les sex chromosomes sex chromosomes
consist of a matching pair of of a female of a male

homologous chromosomes (XX)
In males, sex chromosomes
consist of a partially '
matching pair (XY)
© One 1is much smaller than the
other

o The larger of the two 1is a
5 two X anXanday

homologue to the sex
. chromosomes chromosome
chromosome 1in the female (X)




SEX DETERMINATION METHODS

Some species have different systems to determine sex (other than the XX/XY
system)of offspring:

- Some reptiles - sex of offspring is temperature dependent

- Some fish are born female then become male or yvice-versa



http://www.youtube.com/watch?v=Zlj604hbWII
http://www.youtube.com/watch?v=_LDExXoFvvQ

OTHER
SEX-DETERMINATION
METHODS

You do not need to
memorize this!

Table 2 Common Sex-Determination Mechanisms in the Animal Kingdom

Sex determination | Examples Description

XX/XY mammals, some insects XX females, XY males

IW/ZZ birds ZW females, ZZ males

temperature turtles, crocodiles If the eggs are kept relatively warm, most
or all eggs hatch as females. If the eggs are
kept relatively cool, most or all eggs hatch
as males.

age some fish, some mollusks | All young are born male. As they become

older and larger, they change into females.

social structure

some fish

All young fish are females. When the
dominant male fish dies, a large female
changes into a male.

hermaphroditic organisms

fertilization— bees, ants, wasps Fertilized eggs (2n) become females.

haploid/diploid Unfertilized eggs (n) become males.

infection some insects Variable. In one form, infected individuals
develop into females.

none earthworms and other All individuals have both male and female

reproductive organs.




KARYOTYPE

A karyotype is a picture of an individual’s chromosomes that
have been sorted and arranged according to size and type

Note there are 1 pair of sex chromosomes,
pairs are autosomal chromosomes.

Results

Healthy Male Karyotype

Healthy Female Karyotype

Qo
09 &8 35 4 8 &
Qg A% A8 a8 ¥E BE xm

14 15 16 17 18 19

XX K& Xn 0
20 XY

21 22

Qo n
10 &% 3s 85 46 &% s
Mb M 66 a% Zﬁ! ms xa

15 16 17 18 19

BE A% 4w 6’6
20 21 22 X X

httos:fwww.mun.cabology/scarifHuman _Karyotype htmi

the other 22

Karyotypes can be
used to look for
abnormal numbers or
structures of
chromosomes.



HOW ARE KARYOTYPES MADE]

Technicians remove a small sample of
tissue (i.e. blood or amniotic fluid)

Mix it with a solution that stimulates
mitosis

Colchicine is added to stop the cells 1in
metaphase and the sample is placed on a
slide

A stain is added to make light and dark
bands appear on the chromosomes and a
photograph is taken

The chromosomes are cut out and arranged
in homologous pairs




b3 TEXTBOOK REVIEW

Summary

Sexual reproduction produces genetically variable offspring by combining the
genetlc information from two parents.

o During meiosis I, chromosomes exchange genetic information, known as
crossing over, during prophase I.

o Homologous chromosomes are assorted independently of other pairs.

« The formation of genetically variable sex cells in meiosis II is called
gametogenesis.

o There are many different sex-determination systems in living things.

o Mammals have X and Y sex chromosomes and use an XX/XY system for
female/male sex determination.
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