Unit 7: Biotech,
Protein Synthesis,
Mutations

DNA/ RNA Review



Genetic Engineering

* Genetic engineering Is technology that involves
manipulating the DNA of one organism in order to
insert the DNA of another organism.

 Genetic engineering can be used to B
Increase/decrease the expression of specific
genes In selected organisms.

* An organism’'s genome is the total DNA in the
nucleus of each cell.

DNA Technology



Jurassic Park — Fact or Fiction?@!




Applied Genetics: is the manipulation of the hereditary
characteristics of an organism to improve or create specific

ﬂlﬂ in offspring.

71 Selective breeding: (aka artificial selection) human
directed breeding to produce plant and animal
with desirable traits. Ex: breeding plants to
produce larger fruits /vegetable
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Inbreeding: Two closely related organism are bred to
have the desired traits and to eliminate the undesired
ones in future generations




Artificial Selection: Bananas




Nastii Bulldog

Fast and aggressive,
but lacked strength
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Big and strong, but lacked
speed and aggression

Big, strong,
fast, and
aggressive
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Cranial arthritis

No sense of
direction

Nasal passages
open directly
onto brain

94.5% body fat
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Paws are in fact |

- large bunions

n Defects Of 07 Model

Kenny: White Siberian Tiger
- Facial disfigurement due to

. inbreeding (cubs would be
mated with their own parents)

_ Ears plugged

Folds of skin
eventually
smother dog

1,328 tiny, brittle
vertebrae

Ingrown pelvis



Biotechnology

* Biotechnology is the use of genetic
engineering to find solutions to problems.

* Goal for the Human Genome Project was to
sequence all the nucleotides in the human

body. (3 Billion nucleotides and 20,000-
25,000 genes)

* This was completed in 2003.

DNA Technology



Gel Electrophoresis *

1. DNA is cut into smaller pieces using restriction
enzymes

2. An electrical current is applied

3. DNA is separated by size. Shorter fragments
move farther down the get than longer fragments

Used in:
DNA fingerprinting
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Baby

DNA fingerprinting *

Couple W

/\

#1

#2

#3 #4
|

#5

#6

Couple Z

/\

#7

#8
|

* Best way to determine if two
people are genetically related

* Used in genetic counseling,
parental testing, crime scenes,
classification of new species of
organisms.

* Can you tell...
Organism X is most closely related
to which sample?



Which one is the correct father?
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Gel Electrophoresis (example) *
=

DNA samples from:
1 Look at the example of
crime  suspect suspect suspect

scene 21 £2 #3 DNA taken at the crime
scene (Column 1).

7 Which suspect
committed the crime?

Suspect 1
Suspect 2

Suspect 3




DNA/ RNA

» Nucleotide- monomer of nucleic acids

» Composed of three parts:
» Deoxyribose Sugar (DNA) OR Ribose Sugar (RNA)
» Phosphate

» Base

OH OH
Sugar

» Function of Nucleic Acids o

» DNA store genetic information

3I
Sugar
Fhosphate

» RNA transmit the genetic information

» Base Pairing:

» A-T (DNA)  A-U (RNA)

» C-G

» Held together by hydrogen bonds
» DNA= double helix = RNA= helix




DNA/ RNA Review

e

# of Strands
Shape
Monomers
Sugar

Bases

Location

Double helix Single stranded
Nucleotide Nucleotide
Deoxyribose Ribose
AT CG AU C G
Nucleus only Nucleus & cytoplasm



Function of DNA

» The master copy of an organism’s
information code that contains
the instructions (blueprint) used
to make proteins

» Determines an organism’s
characteristics (traits).

» Sometimes permanent changes
can occur in the sequence of DNA
(mutations)



http://en.wikipedia.org/wiki/File:ADN_animation.gif
http://en.wikipedia.org/wiki/File:ADN_animation.gif

Function of RNA

» A similar copy of stored
DNA gene sequence

» Uses the instructions to
direct production of
proteins




DNA to DNA base pairing
review
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DNA to RNA base pairing

DNA
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How do | get from the instructi
building a HOUSE?

ALL of the master
Instructions

Bathroom .
instructions

Bathroom




How do | get from the instructic
building YOU?

DNA: The master
Instructions Genes: parts of
, | the instructions

v Sy

Cells: basic
unit of life




Structure and Function of Protein

Structure of Proteins: Function of Proteins:

» carries out many

functions in the bod
» Monomers are which include:

amino acids

» growth and repair

» Contain the » siohaling from one
elements Carbon cell to another

(C), Hydrogen (H), » transport channels

Oxygen (0), and in cell membranes

Nitrogen (N) » defense against
invaders

» catalyzing chemical
. reactions (enzymes
Hgh"—C=—C00" are proteins)

H

;

arnino acid




Protein Structure and Function
Protein Shape Determines
Function

* If the protein folds incorrectly it
will not work properly

Protein Problem Example: When

the oxygen carrying protein
hemoglobin differs by one amino
acid then it can cause the blood
cell’s shape to change.

The blood cell is now inefficient
at carrying oxygen which affects
the organism’s health.

Folded




Protein Synthesis Background -

» Also called Gene Expression

» The process of cells making new PROTEINS to
show genetic TRAITS using DNA instructions.

DNA - RNA - amino acid - protein - phenotype (traits)

» Genes- sections of chromosomes (DNA) that control the
production of proteins and activities within a cell.




3 Types of RNA used in Protein Synthe

» Messenger RNA (mRNA)- carries copies of
instructions for assembling proteins from DNA to
ribosome found in cytoplasm.

(because DNA CANNOT leave the nucleus or it ma
get destroyed) Ex: The SCRIBE in the video

» Transfer RNA (tRNA)- transfers amino acids to the
ribosome and matches them to the coded mRNA
message. tRNA gets reused/recycled after it drops
off amino acid. Ex: The CHEF in the video

» Ribosomal RNA (rRNA)- makes up the ribosome (small
organelle made of 2 units) and is the site (factory)
of protein synthesis. Ex: The BOAT in the video




RNAi Video ~ watch only to
1:50min



https://youtu.be/H5udFjWDM3E

Protein Synthesis

»Part 1. Transcription (occurs in the nucleus

mHNﬁ. Transr: q:h::r )

Transport to cytoplasm for
protein synihesis (ranslation)

Cell mambrana




Part 1: Transcription
When complementary messenger RNA (mRNA)

are produced by copying segments of the DNA

- RNA Polymerase enzyme separates DNA at
promoter (region of DNA where sequence
instructions begins)

- Free floating nucleotides match up with the

Eegm)plate in groups of three bases (codon) (A

- mRNA editing: new RNA molecules will be edi
before the message is complete

introns- portions that are cut out and discarde

exons- needed pieces of RNA that are spliced
back together to form final mRNA

pre-mRNA

——
5 UTR  Exon Ql Exon l"”ty Exon 3 UTR
MRNA
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Part 1: Transcription

» Each codon codes for a specific amino
acid (Ex. 2 codons = 2 amino acids= 6
bases)

» Single new strand of mRNA leaves the
nucleus and carries the instructions to the
ribosome where proteins are assembled

» MRNA attaches to the ribosome and waits
for the tRNA.




Transcription: mRNA base pairing
animation

5
P P) (P, (P,

B P)

Portion of unwound DNA with unpaired deoxyribonucleotides.




DNA to RNA base pairing
practice

» Which RNA base would pair up with following DNA bases?




Transcription Summary  Video: in real

time
» Transcription sends the instructions to mal

proteins from the nucleus to the ribosome
in the form of mMRNA

*What happens if the mRNA gets damaged on
the way to the ribosomes?

Template strand

TACGGCGTTAGACAAGTGCGTGAGTACACA
ATGCCGCAATCTGTTCACGCACTCATGTGT
et L L L)

DNA

AUGCCGCAAUCUGUUCACGCACUCAUGUGU

\ \ \/
Protein Met Pro Gin Ser Val His Ala Leu Met Cys



https://www.youtube.com/watch?v=5MfSYnItYvg

Part 2: Translation

Ribosomes: makes proteins using
instructions from the nucleus

» Can be:

» Attached to rough endoplasmic
reticulum

*What do you think would happen if
ribosomes were removed from a cell?




Protein Synthesis

»Part 2. Translation (occurs in the cytoplas

Transport to cytoplasm for
protein synihesis (ranslation)

Cell mambrana




Part 2 : Translation
Decoding of an mRNA into a polypeptide chain (pr

- tRNA (anticodon) is composed of 3 bases

- tRNA picks up a specific amino acid in the cytoplas
and takes it to the ribosome.

- tRNA will “read” the mRNA and drop of the amino a
in the correct sequence to build the protein needed

- 20 different amino acids- 64 possible codon
combinations (there are multiple ways to code for the
same amino acid in some instances to help prevent
mutations)

methionine (Met, WD) proline (Pro, Py phenylalamine (Phe, 1 tryptophan (Trp, W
H H H
|

HaM*—C —Co0” Hg-:: —NHg Ham* —-:: —CO0T  HaM —r: —CO0T

|
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CHE
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1
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CHa

amno acids: non-polar B-groups {cont)




Translation Summary \

» The genetic code (mMRNA codons) matches up witl
tRNA anticodons to put the amino acids in the
correct order. Amino acids form a polypeptide cha
held together by peptide bonds; this is a protein.

* Practice mRNA: UUC UCC
tRNA:

uopod L uv uopod Luy UBPOI LIUY

EEEE R Pt HE S T o o 3 3

time


https://www.youtube.com/watch?v=8dsTvBaUMvw

Translation Summary
animation

codond4 codonS codon6 codonT
(Stop)

2 codon 3
(GLY) (SER)  (PRO)  (THR)




For you to complete translation- you must us
the mRNA chart (NO DNA or tRNA!!)

» Codon Chart

First letter

Second letter
U c A G
UuU UCU UAU UGU U
uuc} PR wee: | sor | UAC v | uac } Cys [
UUA} ’ uca [°®" | uAA Stop | UGA Stop | A
vua /S - | uca ) UAG Stop UGG Tp |G
cuu CCU ) CAU} y CGU U
cuc | cce |, | CAC = | ece 5 c
cua [ | cca [T | caa } " cca[™ | A
CUG CCa . cacS e | caa G
AUU ACU ) AAU} - AGU} Ser U
AUC tlle | ACC [ | AAC N | agc c
AUA ACA AAA} . AGA} 2 A
AUG Met | AcG ) aAcS Y | aceS ™M EG&
GUU GCU GAUY GGU U
Guc(, | Gce cacS™P | aae & (o3
cua (V@ | cca (A2 | gaa } s Y 1A
GUG GCG J GAG G

1o49| payL



Practice

DNA: GAC CCT TAT

MRNA: CUG GGA AUA

Amino Acid Sequence: Leucine Glycine Isoleucine

tRNA: GAC CCU UAU




Genes contain
instructions
for making
proteins

or in complexe
perform many cellular
functions




Gene Regulation
and Mutations




Gene expression (Review)

» Gene expression = protein produced

» DNA->RNA—->A.A.>Protein—> Protein Shape
Function

» After protein synthesis, the protein is folded
specific shape

The shape of the protein and the order of the
amino acid determines the function of the pro




Example A: Some jellyfish have genes that,
expressed, produce the protein called Gre
Fluorescent Light (GFL)

When the GFL gene is expressed, cells pro
GFL protein, which produces light (AKA:
bioluminescence)

Scientists have removed the GFL gene from j sh

and inserted the GFL gene into pigs DNA




If the pigs glow in the dark, what can you tell me
the GFL gene that’s in the pig’s DNA?

The pigs cells transcribed and translated the GFL ¢

Gene Expression occurred!




Influences on Gene Expression

» Environmental Influences - factors that inflt
the expression of a gene such as temperat
nutrition, light, infectious agents

ex. Temperature effects the expression of t
coat color gene in Arctic Foxes




Influences on Gene expression

Mutation’s effect on gene expression:

If the Arctic Fox is supposed to produce prote
give it brown fur in the summer, but those fur
genes have mutated to produce hot-pink fur...

- What do you think will happen to the color
fox’s fur when temperatures increase?

- What do you think will happen to that fox?
pass on the hot-pink mutated gene?

M

&




Influences on Gene Expression

What if the mutation caused the fox to have
camouflaged fur instead?

» How would you expect this mutation to af
future of the fox population? Increase in offsprin

» |In this case, the new mutation resulted in is
adaptation  because it made the foxes better

What effect on gene expression would a mutati
roduced the same amino acid sequence have?

ame amino acid sequence = same protein = same trait = n



Mutations

Mutations

» any CHANGE in the DNA sequence
» It’s a MISTAKE that’s made during replication or tr

» occur when a change occurs in nucleotide ba

» Can be positive (adaptations) or negative (dis

» a source of genetic diversity

2 types:
Point Mutations and Chromosomal




Mutations: good or bad?

- harmful: diseases or
deformities

- helpful: organism is
better able to survive
(camouflage,
adaptation)

neutral: organism is
unaffected




Causes of mutations

»Mutagens: anything that caus
change in DNA

»examples: Viruses, X rays, UV
nuclear radiation, cigarette sm

» Mutations are random events

- Chances of mutations occurring naturally 1/1,00

- Mutations due to mutagens usually 1/100,000




What are the mutagens?

*remember that viruses can cause
changes in the HOST DNA when the
Insert their viral DNA for replication!

X

RADIOAGTIVE



http://images.google.com/imgres?imgurl=http://www.scientificamerican.com/media/inline/D41DB314-E7F2-99DF-3D6ACEC215A9A006_1.jpg&imgrefurl=http://www.scientificamerican.com/article.cfm?id%3Dcoal-ash-is-more-radioactive-than-nuclear-waste&usg=__JhLAWpH6Puo0ETUIlGVJD2od1D0=&h=319&w=320&sz=19&hl=en&start=11&um=1&tbnid=y7iEVdAr8SZv4M:&tbnh=118&tbnw=118&prev=/images?q%3Dnuclear%2Bpowerplant%26hl%3Den%26lr%3D%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://www.scientificamerican.com/media/inline/D41DB314-E7F2-99DF-3D6ACEC215A9A006_1.jpg&imgrefurl=http://www.scientificamerican.com/article.cfm?id%3Dcoal-ash-is-more-radioactive-than-nuclear-waste&usg=__JhLAWpH6Puo0ETUIlGVJD2od1D0=&h=319&w=320&sz=19&hl=en&start=11&um=1&tbnid=y7iEVdAr8SZv4M:&tbnh=118&tbnw=118&prev=/images?q%3Dnuclear%2Bpowerplant%26hl%3Den%26lr%3D%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://i.ehow.com/images/GlobalPhoto/Articles/2270212/base-sunburn-main_Full.jpg&imgrefurl=http://www.ehow.com/how_2363381_reduce-skin-peeling-from-sunburn.html&usg=__0hx4Q5-hKjqOmdVXoXowqzVmDJU=&h=450&w=600&sz=54&hl=en&start=9&um=1&tbnid=8FrUJll5C-536M:&tbnh=101&tbnw=135&prev=/images?q%3Dsun%2Bburn%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://i.ehow.com/images/GlobalPhoto/Articles/2270212/base-sunburn-main_Full.jpg&imgrefurl=http://www.ehow.com/how_2363381_reduce-skin-peeling-from-sunburn.html&usg=__0hx4Q5-hKjqOmdVXoXowqzVmDJU=&h=450&w=600&sz=54&hl=en&start=9&um=1&tbnid=8FrUJll5C-536M:&tbnh=101&tbnw=135&prev=/images?q%3Dsun%2Bburn%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://www.labspaces.net/images/news/1022198_no_smoking.jpg&imgrefurl=http://www.labspaces.net/news/Health/pop/2&usg=__GqvkHsepNCc4XtaPS3yALDOtOoA=&h=291&w=300&sz=14&hl=en&start=3&um=1&tbnid=B0hXhlGtgayBzM:&tbnh=113&tbnw=116&prev=/images?q%3Dcigarettes%2Bharm%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://www.labspaces.net/images/news/1022198_no_smoking.jpg&imgrefurl=http://www.labspaces.net/news/Health/pop/2&usg=__GqvkHsepNCc4XtaPS3yALDOtOoA=&h=291&w=300&sz=14&hl=en&start=3&um=1&tbnid=B0hXhlGtgayBzM:&tbnh=113&tbnw=116&prev=/images?q%3Dcigarettes%2Bharm%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26um%3D1
http://images.google.com/imgres?imgurl=http://sleevage.com/wp-content/uploads/2007/08/homer_simpson_xray.jpg&imgrefurl=http://sleevage.com/orbital-the-altogether/&usg=__4Hfguf9LuY-EZ2dyzOl0juwWqQA=&h=500&w=500&sz=91&hl=en&start=1&um=1&tbnid=X1lnCBTDXh5zjM:&tbnh=130&tbnw=130&prev=/images?q%3Dxray%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26sa%3DN%26um%3D1
http://images.google.com/imgres?imgurl=http://sleevage.com/wp-content/uploads/2007/08/homer_simpson_xray.jpg&imgrefurl=http://sleevage.com/orbital-the-altogether/&usg=__4Hfguf9LuY-EZ2dyzOl0juwWqQA=&h=500&w=500&sz=91&hl=en&start=1&um=1&tbnid=X1lnCBTDXh5zjM:&tbnh=130&tbnw=130&prev=/images?q%3Dxray%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26sa%3DN%26um%3D1
http://images.google.com/imgres?imgurl=http://lynx.uio.no/gif/radioact.gif&imgrefurl=http://lynx.uio.no/cycdescr.html&usg=__8mbHkJ7JFqj-dzte547Rgd0fnJg=&h=302&w=309&sz=31&hl=en&start=12&um=1&tbnid=mvq2V85CZiiFxM:&tbnh=114&tbnw=117&prev=/images?q%3Dnuclear%2Bradiation%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26sa%3DN%26um%3D1
http://images.google.com/imgres?imgurl=http://lynx.uio.no/gif/radioact.gif&imgrefurl=http://lynx.uio.no/cycdescr.html&usg=__8mbHkJ7JFqj-dzte547Rgd0fnJg=&h=302&w=309&sz=31&hl=en&start=12&um=1&tbnid=mvq2V85CZiiFxM:&tbnh=114&tbnw=117&prev=/images?q%3Dnuclear%2Bradiation%26hl%3Den%26safe%3Dactive%26rlz%3D1T4ADBF_enUS266US268%26sa%3DN%26um%3D1

Can you give a mutation (mistake) to

» YES, if a mutation occurs in a
sperm or egg cell

\NO)
A

» NO, if a mutation occurs in a
body cell (example skin cell)




Tlg/pes of GENE Mutations
oint Mutations -change in one or a fe
nucleotides

Results in one or a few amino acids cha

(1) Substitutions - one base is change
different base

Ex. TAC GCT AGA = TAC GTT AGA
(2) Frame shift mutations
Insertion - one base is added
Ex. TAC GCT AGA - TTA CGC TAG A
Deletion - one base is removed
Ex. TAC GCT AGA - TCG CTA G




Frameshift vs. Substitution
» THE FOX WAS RED (correct protein)

» TTE FOX WAS RED
(Substitution)

» TAH EFO XWASRE D  Longer sentence!
(Insertion)

» TEF OXW ASR ED Shorter sentence!
(Deletion)




_§Ecund Position _

SEREEEEES U C A G SIRREREES
1 Frode T A Ao | code ] Ao Acid | code | Amvo Acid | tode] Amie Ao}

UL ucu UAL UGU U

el "™ [oce UAC Yo Ioee] @8 C

U ser

vual o fuca uaa| stor [uea] stop A

UuG UcG uag| stor Jusc] tmp G

. . CUL celu A i CGU U
Ammo. acids and N e R e R oy i - ] -
mutations = CUA ccal P CAA N g Als
@ cuG cco cac]  ° CGG G | o
(= =1
. . - AU _ ACU AAL asn  BACSY ser U la
Point Mutation- ef 5 fauc] e facc] 0 [Rac AGC C|&
harmful when amino |* AUA ACA amf oo feeal L, FALG

acid is different mop e Lo — 2 -

e L e asp
CAC = histidine 6 JSU)  var JSES]  aa  fEAC SSCl gy E
_ : GUA GCA GAA GGA
CCC= prolme GUG GCo sl M [Gee G

not harmful when

amino acid is same

Eﬁﬁz R}iﬂ‘j‘,ﬂi This a silent mutation (alters DNA
sequence, but has no apparent
detectable effect on a phenotype or

a function).




1. Sickle cell anemia
2. Color blindness
3. Albinism

(a) Normal amino acid sequence (b) Single change in amino acid sequence
| [ % B
Po | Glu | Glu | Pro | Val Glu
5 6 7 6 !
Normal Sickled
red blood

red blood

cells cell




Frameshift mutations

» Bases are inserted (put in) or deleted (ta

» Very harmful because a mistake in DNA is
into MRNA and results in many wrong ami

» For example, read the following sentence
Original: The fat cat ate the wee rat.
Frame Shift: The fat caa tet hew eer at.

The “t” in cat was deleted causing most of the
sentence to be wrong!



Examples of Frameshift 3¢ .
Mutations o ool

The young bey In school usilcem is e grasdiather of S7C

» Tay Sachs: rare inherited disorder that
progressively destroys nerve cells (neurons) in t! 5
brain and spinal cord.

» Cystic Fibrosis: causes mucus to be thick and
sticky- can clogs the lungs, causing breathing
problems and makes it easy for bacteria to grow.




Mutation Consequences

DNA (coding strand)

pioh l AicmRlctuie ool
- HocRNdpoodcaolli 0
Transiation l l l l l Substitution

Amino acid sequence @— Lys — Phe —Gly m

(a) Normal DNA molecule

DNA (coding strand)

AAA GATT
o Aue"'wauuu!a@uan AUGAAGUUGGCUAA"
m
T===>,
e Q-G @ B OO
Substitution Frame Shift- Deletion




Practice...

» ona: - GTAGTAGTA

» What type of single base change is the following

mutation? GTAGAGTA

» What type of point mutation is the following mutation?

GTAGAAGTA



http://www.youtube.com/watch?v=eGDBR2L5kzI

Chromosomal mutations (*not just

Chromosomal Mutations: produces
change in whole chromosomes

» Chromosomes break or are lost

» Broken chromosomes may rejoin
incorrectly

» Almost always lethal (Kills)
when 1t occurs in a zyﬁote
(fertilized egg that will become
a baby)

» Results in major changes to
proteins produced




Chromosomal Mutations

» Results in major changes to protein
produced

» Deletion - loss of all or part of chromos

» Duplications - extra copies of a chromos
»Also called polyploidy

» Inversions - reverse the direction of
chromosomes

» Translocation - when part or a chromosom
breaks off and attaches to another




Chromosomal Mutatio

A8 coDER

Original chromosome

AC DEF  ABBC DEF
Deletion Duplication

\

ABC J KL AED CBF

“@ Inversion

Translocation




Check for Understanding

1. When a change occurs in the DNA nucleotide bases, a
occurred

2. A base substitution in (type of cell) can be inheri

3. A point mutation will cause amino acids to change




