Name: Kff’/‘/ Period:

Gene Mutations Activity
.Background: There are two types of mutations, small-scale gene mutations and large-scale chromosomal

wtations. In this activity you will be learning about gene mutations. There are two basic types of gene
mutations, point (base substitution) and frameshift (insertions and deletions). In frameshift mutations, an
insertion or deletion of a base changes the reading frame of the sequence since mRNA is read in groups of three
nitrogen bases (codons). This causes several amino acids to be affected unless the deletion or insertion is a
group of three. There are very few examples of frameshift mutation diseases in organisms because they are
usually fatal to the organism because the proteins do not function. In point mutations, a simple base substitution
does not change the reading frame because one nitrogen base is simply substituted with a different nitrogen
base, so only one amino acid is affected unless there are several base substitutions.

Part 1: Frameshift Mutations
Example 1: Insertion Frameshift

DNA Sequence Sentence: ~ THE BOY CUT HIS LIP AND ATE THE HOT DOG

Affect of Insertion: THE BOY CUT :;IS SLI PAN DAT ETH EHO TDO
TInsert a nitrogen base
Example 2: Deletion Frameshift
Delete a nitrogen base
DNA Sequence Sentence: ~ THE BOY CUT HIS LIP ANDlATE. THE HOT DOG
o\ffect of Deletion: THE BOY CUT HIS LIP :NA TET HEH OTD OG

The insertion shifts the reading frame to the right. The deletion shifts the reading frame to the left. Complete
the following lines for frameshift mutations.

Write each codon per line:
DNA Sequence: THE DOG AND FOX DID NOT EAT THE FAT CAT

Insertion: THEDOG AN DFO x0T Mo TEA Try EHA Te4
T

Insert a letter

Deletion: THE DOG AND @X[) I CJIE ATT HEF AT AT
T
Delete a letter
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Part II: Now use a real DNA sequence and transcribe and translate it into the correct ar_nino :aicids. In the
original DNA code put the insertion frameshift mutation in the FOURTH CODON by l.nsertlng a G after the
C in TCT. Please use the mRNA codon chart below to find the corresponding amino acids.
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Write each codon per line and circle the mutated nitrogen base where the mutation took place and the amino

acid. "
Original DNA TAC GGA CGA TCF CAG GAG CCT ATA ATC N
Insertion Mutation T4C Gt oA Té@ T¢4 66A <C THT AAT
Mutated mRNA Al LV 6LU Abe ALy LV Cee A4 VOA
Mutated Amino Acids Mt b Al @ m;
Original Amino Acid

Sequence Met Pro Ala Arg Val Leu Gly Try STOP

In the original DNA code put the deletion frameshift mutation in the THIRD CODON by deleting the C of
CGA. Please use the mRNA codon chart provided to find the corresponding amino acids. Write each codon per
line and circle the mutated nitrogen base where the mutation took place and the amino acid(s) affected.

Original DNA TAC GGA #GA TCT CAG GAG CCT ATA ATC
Deletion Mutation 7_‘4_(/_ é@ ZQ_{I [ 4& 'ié_cgﬁ_ M :&
Mutated mRNA Ave &V Cus AL V& (X6 (7;{(//4(/‘/ A6

e P
Mutated Amino Acids Mt Yo @ YA Ger ¢ Aod Too @

Original Amino Acid
Sequence Met Pro Ala  Arg Val Leu Gly Try STOP
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Par.l ‘lll: Point (Base Substitution) Mutations
A different type of gene mutation is called a point (base substitution) mutation. It is the simplest type of

mulut'!on where a nucleotide pair is replaced with a different nucleotide pair. There are three types of point
mutations: missense, silent, and nonsense

Example 1: Missense Point Mutation
A missense mutation occurs when one nitrogen base is substituted for another nitrogen base causing a different
amino acid than previously to occur in the protein sequence.

A. Use the DNA code below to demonstrate a missense mutation. All you have to do is change the DNA base
in the SEVENTH CODON from CTC to CAC. Write each codon per line and circle the mutated nitrogen

base and affected amino acids. *This is the mutation that occurs in sickle cell anemia*.

Original DNA CAC GTG GAC TGA GGA GGA CTC CTC ATC

Transversion Mutation (C4< 6 )4 6/!6 Té/)‘ Géé %& @ QIC_ /ﬂz—
Muaed mRNA  GU6 CAe CUe ALY (eV e gk CAe VAG
Mutated Amino Acids éé[ ﬂs; féh‘fd.» R/ 54 &log 5__/02

Original Amino Acid
Sequence Val His Leu Thr Pro

Pro GluA GluA STOP

B. Use the DNA code below to demonstrate another missense mutation. All you have to do is change the DNA
base in the SECOND CODON from GCC to ACC. Write each codon per line and circle the mutated nitrogen

@ ase and affected amino acids. *This is one of many “boy in the bubble” syndrome (severe

combined immunodeficiency)*

Original DNA AAT GCC AGT GGT TCG CAC CTG ACC ACT

Transition Mutation ~ £#] ﬁ@ AT 667 TEG Lfe CIC AL AT
Mutated mRNA W4 e VLA el AGL 6U6 GAC 66
Mutated Amino Acids £€V ft-f> Ser~ pfﬂ %f’ MQ( M (J:f/

Original Amino Acid
Sequence Leu Arg  Ser Pro

01 Q <7
AR
ARG | 3,2,

L
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Example 2: Silent Point Mutation — 40% of all mutations are this type. _ 2
A silent mutation happens when one base in a codon is changed but both code for the same amino acic.

DNA Codon CTT — CTC
mRNA codon GAA —GAG
Amino Acid GluA—Glu A

Use the DNA code below to demonstrate a silent mutation. All you have to do is change one DNA base in the
THIRD CODON from TCT to TCC. Write each codon per line and circle the mutated nitrogen base and

amino acid.

Original DNA TAC CAT TCT CGG TGT AAA AGG GCG ATT
Silent Mutation Ve AT T4 ce TeT b At GG Vil
vuaedmRNa  AVe V4 Aes Gl Ach v gL Lo bt
Mutated Amino Acids M Lél A’/y /4 /a Thr %ﬁ Ser 441 5_71'99/

Original Amino Acid
Sequence Met Val Arg Ala Thr  Phe Ser Arg STOP

Example 3: Nonsense Point Mutation
A base mutation that creates a new stop codon in place of an amino acid causing a premature stopping of
translation is called a nonsense mutation.

DNA codon ATA — ATT
mRNA codon UAU — UAA
Amino Acid Tyr — STOP

Use the DNA code below to demonstrate a nonsense mutation. All you have to do is change one DNA base to
create a new amino acid sequence with a premature stop codon in the FIFTH CODON by changing ATA to
ATT. Write each codon per line and circle the mutated nitrogen base and amino acid.

Original DNA TAC GGT AAT CAA ATA GAA CCT GAG ACT
Nonsense Mutation 1AL GOT AAT (44 @ Gl T 46 4T
Mutated mRNA A6 (b v GW UhA v 664 CUC V6H
Mutated Amino Acids €T Pz Lew Al

Original Amino Acid
Sequence Met Pro Leu Val Tyr Leu Gly Leu STOP
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Analysis Questions:

b 1. How many amino acids were affected in the point mutanons"

e or Many €f9€na{r.«7 7“/ﬂ.’,

How many amino acids were affected in the frameshift mutation?

-l (f’@VL Hoe Ammeshitt metelt

Explain the difference between a frameshift mutation and a point mutation.

~ &?‘fz‘ ‘?74[601‘ ""7 o o A: W/Mﬂd-’ éch /66’:47'—
7@1’;/‘ //y aﬂ// cm%d;@ng amine aeit 4/::

‘7[/6?’?1(5[ H atfact S

Which type of mutation, a frameshift or a point mutation, has more effect on the organism? Why?

Seme as ZI

Usually a frameshift mutation results in the synthesis of a nonfunctional protein. Why do you think
mutated proteins might not be functional?

a, The on no Gc.b( Gegesence a/e?'ﬁ?/"”ﬂfb ﬂf&’f‘cﬂn
€ g mhife St A
UnA M,

6. Which type of pomt mutation would be insignificant to the organism? Why?
S/ /C'n’f ,;x?_; XA czany-( QAT =

5€ guenCe

7. Which type of point mutation would have the greatest effect on the organism? Why?
,«/ nenfen €  pmetatior [ it ﬁqﬂ’:’ '/é /0/@7‘61',\
%/,/1 ben B frans /eﬁf'a/ ‘

8. Which type of point mutation would most likely cause major changes to physical structures of the

organism?
Sam-& % & 7 .

€«
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