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Land Plants
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Primate Hands Family Tree . ~ SIMIANS
www.handresearch.com (2013)
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Unicellular life

% 1.5-3.5 billion years ago

Fungus/bacteria
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The Origin of Life:

The Ocean!




© Marwnne Colrn 2009






and Plants
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Predatar eats
the more easily
zeen beetles
lacking the
browh gene. ..

. resulting in
an increase it
brownh gene
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Evolution = only humans? [Nope!]
Progress? [Questionable!]






1822 - 1884

Gregor Mendel
“The Father of Modern
Genetics”

REGOR MENDEL

The Friar Who Grew Peas
b Cheryl Bardoe ® el b Jos. A. Smith




Mendel’s Experiments




P Generation
(true-breading
parents)

F, Generation
{hybrids)

F, Generation

Mendel’s Experiments
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AN L

Purple flowers 1 White flowers

All plants have
purple flowers.

Eﬂlf fertilization in
F, plants

e o

% of plants
have purple flowers.

A L
% of plants
have white flowers.
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English Naturalist Charles Darwin 1809-1882
'{} s ”»
The Theory of Evolution

Famous for work on Natural Selection

Above — with Sén, W}IIiam 1842



Darwin’s Finches
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- Balaena

(Modern)

H
- Dorudon g

(Extinct Whale Ancestor - about 40 million years ago

e Rodhocetus
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=

Pakicetus ﬂ_ e

(Extinct Whale Ancestor - about 52 million years ago)

Indohyus -
{Extinct Whale “Cousin” - about 48 million vears aqo)

‘ l! Blue Whale ~
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Sperm Whale

——

Llanocetus
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Central Question: Why is there Human Variation?

y .




Central Question: Why is there Human Variation?

Answer: Caused by processes of heredity [mutation/gene flow/genetic drift/natural
selection] and adaptation [Genetic; Developmental; Physiological; Behavioral; and cultural]






EPIGENETIC MECHANISMS

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

EPIGENETIC

.mcron

HISTONE TAIL

The binding of epigenetic factors to histone “tails”
dtusunmqntomlehDNAhwrmp.d-wnd
histones and the availability of genes in the DNA
to be activated.

Chromosomes — 23 pairs

The chromosome is

made up of genes

The genes consist of DNA
which is made up of four
chemikal ltters
’

T S

EPIGENETICS:

Environment (femperature,
radiation, food, drugs,
nuirients produce
immediate effects that can
be imprinted long-term

MUTATION HERE CAN
PRODUCE GENOTYPES OR
RARE GENETIC DISORDERS
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Human Genome Project

isomerases; 94; 0,5% unclassified; 4061: 23,6%
receptors; 1076; 6,3% T
storage proteins; 15; 0,1%
structural proteins; 280; 1,6%
surfactants; 15; 0,1%
celljunction proteins; 67;0,4%
chaperones; 130;0,8%
transcription factors; 2067; 12,0%
phosphatases; 230; 1,3%
membrane traffic proteins; 321; 1,9%
transfer/carrier proteins; 248; 1,4%
hydrolases; 454; 2 6%
defense/immunity proteins; 107;0,6%
calcium-binding proteins; 63; 0,4%
viral proteins; 7;0,0%

extracelular matrix proteins; 72; 0,4%
proteases; 476;2,8%

cytoskeletal proteins; 441;2,6%
transporters; 1098; 6,4%
transmembrane receptor requlatory/
fadaptor proteins; 84; 0,5%
transferases; 1512: 8,8%
oxidoreductases; 550: 3.2%

lyases; 104; 0,6%

cel adhesion molecules; 93; 0,5%
ligases; 260; 15%

nucleic acid binding; 1466, 8,5%
signaling molecules; 961; 5,6%
enzyme modulators; 857; 5,0%







Phenotype=Brown Eyes

b Wicow's pesk. WiV o Ww b Skagre herine. ww

Genotype = Bb or BB

Dominant =B
[ &l




Human Variation

Differences in genotype and phenotype amongst a population or amongst populations. Caused by
factors of heredity [recombination, mutation/gene flow/genetic drift/natural selection] as well as
differential adaptation strategies in different organisms/species.



) Genes are the Proteins
=y Blueprint  Create
N for Proteins  Cells

Cell

Cells Create
the Body

There are
50 - 100 Trillion |
Cells in the Body |

DNA - BLUEPRINT FOR THE BODY




HEART MUSCLE
CELLS

RED BLOOD
CELLS

NERVE
CELLS




whole organism




How and why does evolution occur?

Humans: 46 chromosomes — 23 pairs






. Allele for blue eyes (recessivea)
e Allele for brown eyes (dominant)

Individual A Individual B: Individual C:
heterozygous homozygous homozygous
recessive
Allele for short hair Allele for white fur

Homologous pair of
chromosomes

Locus for coat
length gene

Locus for coat color gene

Allele for long hair Allele for black fur




base pairs

base pairs
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e

(®) phosphate nitrogen-
containing
@ sugar [T =fllE bases




RNA

Ribonucleic acid (RNA) is a polymeric
molecule implicated in various
biological roles in coding, decoding,
regulation, and expression of genes.

Both RNA and DNA are nucleic acids
containing complementary base pairs
of nucleotides

Carivn lverson



Nucleotide/Molecule

Guanine
Nucleotide

Adenine
Nucleotide

Thymine
Nucleotide

Cytosine
Nucleotide

Phosphate Molecule

Deoxyribose Sugar
Molecule

DNA Polymer

Atomic Key:
@ Hydrogen

® carbon

Nitrogen

. Oxygen
. Phosporous
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Dominant Allele

Dominant trait/allele—
coordinate/trait on gene that
masks another allele/ is brought
to full expression and causes
another potential trait to be
recessive.

Table C-1: Expression of Donunant
andcd R ecexzive Alleles

Alleles Present Allele Expressed
Dominant, Dominant Domanant
INomanant, Eecessive Domanant
Fecessive, Eecessive Fecessive
- domwant

allele Prenchype —
- recessive flower color
a\\k\e

peT

} poir ot olleles



Table C-1: Expression of Donunant
and Fecezzive Alleles

Alleles Present Allele Expressed
Dominant, Dlominant Dominant
Dominant, Recessive Dominant
Fecessive, BEecessive Fecessive

|/ - domnant
purple allele p‘mo.\wpe_
L) - recessive flower color

Lohie alle\e

e } poir o Yy&\de.s






Ff Ww
Egags:

freckles

no freckles
widow’s peak
straight hairline

ale

1

alw

A= aw

freckled, widow’s peak

freckled, straight hairline
no freckles, widow’s peak

no freckles, straight hairline



DNA - RNA - Protein

" CELLNUCLEUS

The Central Dogma

Which may be

regularory proteins To manufacture
called

~

\







Interphase (G,) Prophase

Caewvaames pon convicus|




Daughter
Nuclei Il

Daughter
Nuclei

/\

/

e

Interphase Meiosis |
! Homologous Meiosis Il
Chromosomes
Meiosis: two s tages . Interphase germ cell in gonads
M e i 0OS i S I Prophase | Synapsis for crossing over
@ Metaphase |
Segregation
Homologous pairs are separated
reducing chromosome number by half @ Anaphase |  Independent e
@ Telophasel
MQ'OS'S " @ Q Prophase Il
@ Metaphase Il

Sister chromatids are separated
producing four haploid gametes

/)

et

Anaphase |l




Nikleotidler

-]

Replikasyon Igin;
1-Kalip DNA
2-DNA hellkaz
3-DNA polimeraz
4-DNA ligaz
5-Yeterll say1 ve
gegltte niikleotid

Kalip DNA

IseDyola)



- ATGATCTCGTAA
TACTAGAGQATT

DNA

ATGATCTCGTAA
Transcrpiion N
¥ ATGROCT? WA
T CTAGAGCATT

= AUGAOCUCGUAA (romacviph

1 (RVA)
Trans\ation
e e
Coding Strand RMNA Polymerase

DMA is

/ Unwound

DNA Rewound

RNA Strand
Created



- ATGATCTCGTAA
TACTAGAGQATT

DNA

ATGATCTCGTAA
Transcripifion N
w ‘ EEST I
T CTAGAGCATT

= AUGAOCUCGUAA (romacviph
1 (RNAY

m folypeptide

Large
ribosomal
subunit

Trans\ation

S/
Start codon

Small

ribosomal
mRNA binding site subunit Translation initiation complex






How and why does evolution occur?

Mutation creates
variation

Unfavorable mutations
selected against

Reproduction and
mutation occur

Favorable mutations
more likely to survive

‘_a ‘ ... and reproduce
' generations later...

Natural selection, in a nutshell:

Yum! Green beetles! Our favorite!

Green beetles have been selected against, and brown
beetles have flourished.



How and why does evolution occu

inst dominant
WMMIW phenotype has created a homozygous
population (HH). population (hh).




How and why does evolution occur?

==t -

cy S



How and why does evolution occur? Dngmal
AP T

[@I Qriginal
C
o @ﬂ \

Mutation:

Mutations are permanent
alteration of the nucleotide
sequence of the genome of an
organism, virus, or
extrachromosomal DNA or other
genetic elements.



How and why does evolution occur?

Mutation:

In mutations, time and order of
gene-activation is altered to
reconfigure old genes in new
ways.




How and why does evolution occur? %

Healthy Sickle cell anaemia

e change of a single nitrogen - J

Point base in a DNA sequence; Normal red blood cell »
maximum consequence -

Mutation changes in single amino acid
in a protein; minimal harm

ckle cells blocking
unrestricted blood flow blood flow

nse rtlons
e Change of a single nitrogen e et|0ns
base which is either
Fr;n;e deleted or has an extra ubstitutions
Shift one inserted into the
Mutation mid(:IIe of DN:A sequence; Tra NS OcathnS
causes ecombinations
Non-Disjunction




How and why does evolution occur?

e change in one DNA base pair in which the UI°|A Alch GlA G Ul u | U AlAlc
Nonsense altered DNA sequence prematurely signals
: the cell to stop building a protein, which = LLis Ll e
mutation results in a shortened protein that may not ulafc
function, or may function improperly
Ser Thr Stop

Repeat expansion mutation

e Nucleotide repeats are short
Original DNA code for an amino acid sequence.

Repeat DNA sequences that are Y. - i R
expansion repeated a number of times in ke ’]‘ LI | ‘T i A| o IT _ |T Eh T i |T »
a row. -4 His H Ser H GIn H Val H Hle H Met H Leu |-
Amingan /Repeated trinucleotide
!—m ©A%)
e A duplication consists of a piece of CATTCACAGCAGCAGGTAATC
. : DNA that is abnormally copied one ) H,', m s,', W G',,, J_mln-_‘&m_{ \,,l,. o ..,I s
Dupllcatlon or more times. ThIS type Of . Repeated t.ri\nucleltlde adds a string
mutation may alter the function of of glutamines (Gln) to the protein.

the FESU|ting protein. U.S HNational Librang of Medicine




How and why does evolution occur? %

Types of Mutation z

e addition of one or more nucleotide base pairs into a DNA sequence

e changes the number of DNA bases by removing a piece of DNA.

e An exchange of one base for another (i.e., a change in a single
"chemical letter" such as switching an A to a G)

e mutations in which chromosome segments, and the genes they
contain, change positions.

e exchange of genetic material either between multiple chromosomes
or between different regions of the same chromosome; can produce
offspring with different characteristics than either parent.

e failure of homologous chromosomes or sister chromatids to
separate properly during cell division.



How and why does evolution occur?

changes the number of DNA bases by removing a piece of DNA.

Original sequence
Deletion

: Substitution
Translocations

m G
Recombinations

Non-Disjunction




How and why does evolution occur?

m changes the number of DNA bases by removing a piece of DNA.

Frameshift

Recombinations

Non-Disjunction



How and why does evolution occur?

An exchange of one base for another (i.e., a change in a single "chemical letter"
such as switching an Ato a G)

Substitution
= I I “ I
Recombinations

Deletion

Non-Disjunction




How and why does evolution occur?

mutations in which chromosome segments, and the genes they contain, change positions.

Deletion

Translocation

Translocations

Recombinations

Non-Disjunction




How and why does evolution occur? %

exchange of genetic material either between multiple chromosomes or between
different regions of the same chromosome; can produce offspring with different
characteristics than either parent.

0"

Translocations

Recombinations




How and why does evolution occur?

failure of homologous chromosomes or sister chromatids to separate properly
during cell division.

Cell with 46 chromo-
somes
(2 copies of each)

Deletion

A

(Nondigenction)

Translocations

Recombinations

Trisomy Monosomy Chromosomes distributed

to gametes incorrectly

Non-Disjunction




Blue Whale

Right Whale

Sperm Whale

Llanocetus

Basilosaurus

Rodhocetus




Evolution [Continued]
https://youtu.be/MsHEAnPX59Y

10:25-12:00 —
Cambrian explosion

17:35-21:05 move
from life in ocean to life
on land

21:05-24:55 Mammals




Evolution Research
https://youtu.be/NOHzY1fuOz4

32 mins-mouse- DNA;
39 min- mutation —
advantages of animals;

44 embryo studies-
multi species; 233 -
humans




Evolution
Introduction

https://youtu.be/hOfRNOKihOU
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How CRISPR DNA editing

works -~ | T .
A DNA editing technique, called CRISPR/Cas9, works like a biological version

of a word-processing programme’s “find and replace” function.

0 The Cas9 protein

i © A HOW THE TECHNIQUE WORKS
Cas9
guide RNA in a cell *
‘ DNA-cutting

This complex attaches to Guide enzyme

a matching genomic DNA molecule , *

sequence adjacent to a spacer e e )

uiae
(yellow segment) / Healthy
| lucliae Defective DNA strand

Acellistransfected  Aspecially designed Anenzymecutsoff  The defective DNA

eThe o A with an enzyme synthetic guide the target DNA strand is replaced

gomé)llextcutz thef - ——— :  [FFPPrFFERT complex containing:  molecule findsthe  strand. with a healthy copy.

OUbIE Strands Of kbbb GRLLLLLLLLLLL .

the DNA e a ;Gmde molecule  target DNAstrand.

i Healthy DNA copy
DNA-cutting

Programmed DNA may  TITTTIIIII T T 218y e * ‘R : Nature;

Qbeinsenedatthecut WL enzyme Sources: Reuters; Nature;

Massachusetts Institute of Technology

Credit: MRS Bulletin | "'-F00:24/04/2015 () REUTERS




—#\ MAKING A THREE-PARENT EMBRYO

Healthy ) Patient’s @ ‘Reconstructed’
nuclear DNA nuclear DNA g=, egg cell fertilised
removed from | | [ transplanted ){__ \ with sperm in the
patient’'segg ‘-‘ intodonor © lab and implanted
cell, leaving | M egg with '” I into patient.

I

behind faulty healthy
mitochondrial mitochondrial
DNA. DNA.

atient’s
egag
cell

Resulting embryo
has three genetic

2y, 5/ ; 2~ _,
. Faulty Donor's egg cell
itochondrial T nuclear Reconstructed
7‘!‘3'}1\ 1§ how risk 6

DNA removed
Wb Badel "e‘“\ ‘{/ Alzheimers, P ) \_S =
breasr Caticer =

R and SHhekeys -

I

« 2

I






Cyborgs

The integration of genetics and technology; a being with both organic and
biomechatronic body parts or using technological adaptations.

BTl

http://www.explainthatstuff.com/timeline.html



Evolution - Major Historical Events

“ Only watch 10:25-12:00 [Cambrian Explosion, >2 mins] 17:35-21:05 [Move from
ocean to life on land >4 mins]; 21:05-24:55 Mammals [>4 mins]

" https://www.youtube.com/watch?v=MsHEAnPX59Y&feature=youtu.be

1:25:00-1:52:00 [27 minutes]

https://www.youtube.com/watch?v=NOHzY1fuOz4&featu
re=youtu.be



https://www.youtube.com/watch?v=MsHEAnPX59Y&feature=youtu.be
https://www.youtube.com/watch?v=MsHEAnPX59Y&feature=youtu.be
https://www.youtube.com/watch?v=NOHzY1fuOz4&feature=youtu.be
https://www.youtube.com/watch?v=NOHzY1fuOz4&feature=youtu.be
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