Name \L&-’\ Class . Date
()

Transcription

In transcription, RNA polymerase splits the two halves of a strand
of DNA. RNA then uses one half as a template to make a copy of
the other half. RNA contains the nucleotide uracil instead of the

nucleotide thymine.
Label the DNA and RNA. Then, label the missing nucleotides marked on
the diagram.

RNA polymerase

A = Adenine
C = Cytosine
G = Guanine
T = Thymine
U = Uracil

Use the diagram to answer the question. Circle the correct answer.
1. In RNA, which nucleotide is always paired with uracil?

adenine  guanine

© Paarson Education, Inc., publishing as Pearson Prentice Hall.
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Comparing DNA Replication and Transcription

DNA replication is the process by which a cell copies its DNA.
During replication, both strands of the double helix are used as
templates to make complementary, or matching, strands of DNA.
DNA transcription is the process by which a single strand of DNA
is used as a template to generate a strand of mRNA.

Fill in the missing information. One row has been completed for you.

Template DNA Complementary DNA | Messenger RNA
(mRNA)
TTACG AATGC AAUGC
Creec GGCGG (i CqGq
ay® QATC_&{ A.c,cg(\’ Al ACGUAGC
AGACTC T Ky VCOA G
CTATTGT GATAAGA CLAQ M
C C |
GALLGAT G | T GCMTAY | cucGauac

Use the table to answer the question.
1. Give another example of a template DNA code that is at least
four base pairs iong. Then give its matching complementary

DNA and mRINA codes.

ATHE =9 0Dz TR —9 w AT

© Pearson Educafion, Inc., publishing as Pearson Prenfice Hall.
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D)
RNA Worksheet

Objectives: Understand the differences between the two Nucleic Acids and types of RNA

Structure of RNA
1. The sugar in a nucleotide of RNA is \Zalpes3.& :

2. The pyrimidine bases are C‘J«gﬁ?e;ﬁg__e_ and "L)('&LL

3. The purine bases are _Aadle e

and Q\_\cj&pvu-vuc_

4. In complimentary base pairing, A bonds with \_) and Cﬁ bonds with C .

5.RNAisa g\m’\f -stranded polymer.
()
6. There are 5%

Comparison of Nucleic Acids

types of RNA each with its only function.

7. The five-carbon sugar in RNA is ___{(2\%e-2.€  whereasin DNA it s

&)

is substituted for 4 \,u,m,‘,M )

8. InRNA thebase ¢ Sz (L

9. DNA molecules are double stranded and RNA molecules are (Qh/q:&ék/d stranded.

10. In terms of length, DNA molecules are much L_O'wo(ge/(' than RNA molecules.

of a cell.

11. DNA is only found in the Mut,tc,u—rﬁ\

Transcription

12. Making a messenger RNA using DNA as a template is called

St werraghon

13. In the cytoplasm, mRNA delivers the code to
the .

14. To the right, construct a messenger RNA molecule from a DNA
strand. Use the correct complimentary base pairing. Use colored
pencils to show the DNA and mRNA strands.

v Only one side of the DNA molecule is copied during
transcription

v" Remember that there is no thymine in RNA. You must
substitute uracil.

IDNA Strand
1 2

-3

DNA
Strand [

mRNA
Sirand

| B S S
g

> 00000 4490 >
!
P A OM0OM0 <> D0

y»p 2P D> AApY

I ] I 1 | t 1 i ] I i
3COPLC OCPPEC




Messenger RNA

15. mRNA stands for

Weese e SN I (Q_\&\A-
16. mRNA has the code for making (:;?“G/Lequ.%

17. mRNA is produced in the X st de o F

18. Draw a labeled diagram of an mRNA strand.

Transfer RNA

19. tRNA stands for —E—tﬁ,\g@,r ’ m\]és .
20. tRNA carry _ Asvviine L‘Afc.;& from the cytoplasm

to the ribosomes.

21. One end of the tRNA is specific for a single type of

(’\_Q)dm

22. The other end of the tRNA contains three unpaired bases

called an Al ceboo.

23, Draw a labeled diagram of the “cloverleaf” shape of a tRNA.

Ribosomal RNA

24. rRNA stands for

25.1RNA forms _ Ui MosR e w0 QU which are the sites

of protein synthesis.
26. TRNA is produced in the Mot leslis@. of the cell.

27. Draw a labeled diagram of a ribosome.

growing
protein

moveiment of rbosoms —p-




Protein Synthesis Review Worksheet

1. How are DNA and mRNA alike?

2. How are DNA and mRNA different? Fill in the table below.

DNA mRNA
Declete el Shape Si Leple Shewall
= - Nitrogen bases LY ‘g
‘BKOM&\JWM&? Sugars (Lloene
L% e Location . _
N C-%«e_\gto_&w«

Transcription: DNA to mRNA:

1. How many strands of mRNA are transcribed from the two “unzipped” strands of DNA? 4

2. If the following were part of a DNA chain, what mRNA bases would pair with it to transcribe the DNA
code onto MRNA? G-G-A-T-C-G-C-C-T-T-A-G-A-A-T-C

CLULALE L lg AADC VO Al
3. If DNA is described as a double helix, how should mRNA be described? 3\%9&:@

4. How are the accuracy of DNA and mRNA codes assured? _CMLM’L"""-Q Qm%

DA as
Translation: mRNA to PROTEIN: %;‘e}m

5. Name and describe the three types of RNA’s involved in protein synthe.gis‘.{

VA -t:ai»!\ $§ ,
(:S)V\ﬁ% o a..:.dt’"’\ m
- Boiaad Az e \;m CUveRa k-

e.u.ﬁ.g‘c\'?x Q.
gNﬂa Yee %n("i:é-"& ke NineRpes,  Soioedens

What is located at EACH end of a tRNA molecule? M\me.;m. i A

Where must an mRNA attach before protein production can begin?_ {2 si\se 2 6 g

How many bases are needed to specify an mRNA codon?

If a strand of mRNA contain the sequence, U-A-G-C-U-A-U-C-A-A-A-U, what tRNA anticodons would

be needed to translate the sequence? _Ax> & Cipac i oo iy
10. How does mRNA get out of the nucleus? _ 7 oy é&g g Lé M&i

11. What is the difference between an amino acid and a protein? PR =
e o

0N o

12. What type of bond is formed between amino acids? C?.g,,(?{..‘ A () Q:ﬁ O




Protein Synthesis Flow Chart

Directions: Fill in the flow chart below, using the following words: Amino acids, mRNA, mRNA codon,
nucleus, nuclear pore, peptide bonds, ribosome, transcription.

The first part of protein synthesis is

Where DNA is

-7 -\ Takes place in the “.dt_ke_u—% decoded onto
‘ \—e,_%_‘q\\c ' P > ; > Mm

The 2™ part of protein
synthesis is ﬂ_L\e et g Goesto a

Nana T

Whersg

ﬂi.’:lh’sw )
{?ext

tRNA
anticodons
bond with

creates

Creating a

F 3



Name V\f,ut) Date Period

Worksheet: DNA, RNA, and Protein Synthesis

BIOLOGY: Chapter 6-9

Directions: Use your notes and book to answer the following questions concerning Replication,
Transcription, and Protein Synthesis.

1. Define the following terms:
a. Replication-"T Ve C.G%\m%@@- DINA- mw‘w OQ {Jﬁ’“‘
%W@MM e coee&x’*’—@ﬂ“?
b. Transcription- “T el = ceotibn o va@lA Crowa o Jevkos Tto-a
W@ i s wWaadle gada etk @ﬂtngy\us%(

. Transiat
c. Transiation L\.__._*&w_na

2. Break the following DNA seguence into triplets. (Draw a line to separate triplets)
CCG/ATA/:GC/bG)?’AT(}CCA)/GG@/CT%T}MA

3. If the above code showed the bases on one strand of DNA, what would the complementary
strand read?

GGl “TAT- el —CeA —TAG— GET ~eee — AT T ~&TT

4. What would the code in problem #2 be transcribed into (What would the mRNA sequence
be?)

CHQC — A~ (G- oA~y — Qe ~ee = GAu- LA GEv

5. How many codons are there in the above problem? (€ Codensy
6. What is the three letter sequence on a tRNA molecule called? cvnatdc colo o
B
7. How many different amino acids are there that make up all of the proteins in our body? :Z &) Aﬂs&

8. How many different codons are there? (pti Codice



9. What would the amino acid sequence

be translated from the mRNA sequence in ~ c@dons Found in Messenger RNA

problem #47 (Use the Genetic Code table Second Base
below to translate) 1] C A G
Pha Ser T c
(:[LLS T Phe Ser Tx ny: g
T Leu Ser | Stop | Siop |A
A-:é@b Leut Ser | Stop | Trp |G
Leu Pro His A -
% c Lou Pro His Arrg g o
AP & Leu | Pro | Gin | Arg [Af @
G o Leu | Pro | GIn | Ag |G| I
I lle Thr | As Ser B
?‘—é :_% al v | T aon | Sor g S
He Thr _ rg |A
A&‘? Met | Thr g: :rg G
5‘*"? Val Ala Asp aly |uU
LD G Val Ala Asp Gy |C
Val Ala Glu cly |A
val Ala Glu | Gly |G
10. Complete the table below. Use the following DNA sequence.
CGGCTATTCGACCCTTACGGTATTGGG
DNA triplets MARNA codon | tRNA anticodon
P
CGG GCC CGG
C Uk C,_{ PR oM
(& A, Lo
G A Coty CiAC
e E1H/e ¢ eo
GG Ce A STPe
AT < AA\- AASO
94y ece Gl




Transcription and Translation

Practice Worksheet

Example:

DNA : GTACGCGTATACCGACATTC
mRNA: CAUGCGCAUAUGGCUGUAAG
Codons: AUG-CGC-AUA-UGG-CUG-UAA

Anticodons: UAC-GCG-UAU-ACC-GAC-AUU
Amino Acids: METHIONINE-ARGININE-ISOLEUCINE-TRYPTOPHAN-LEUCINE

Using the example above, transcribe the following DNA strand into mRNA and translate that
strand into a polypeptide chain, identifying the codons, anticodons, and amino acid

sequence.
1. DNA: A/rAg/iaAngT::/hcg’AT(yéccche/AT]/cee
mRNA: VAOG oqukcxt‘.qc;’u:xeytq?[c%b Ableaes
Codon: A0 (g~ B0 ~OAC & — UG -C& = Lqt - ONA - QLT
Anticodon: DAL —GAA ~AJL — (g ~AVC =G0~ Gl - A GEL

Amino Acids: Wlelkdiou—&~ | ectine

2. DNA: TTTAGGGGCATCAGECAATALTGG
MRNA: AU 4 be e, oner o Sy GleAgaadhe
Codon: AEy — &8 = QU = Lt QL -\t ~ Gl
Anitcodon: AL — GG - EAL - AL ~ oA A -C.LL:(

- e - b WMU\—Q.
Amino Acids: pMektacwi o —Retine —\adsine —nedse = Ay



3. DNA: TACGGGLCTATACGGTAGTAC/TcATGGAT Ch G

mRNA; ACGA e C/ Qaaks A}%%/éﬁc tj/% %/Afc@/éﬁ 7@'@7@&

Codon: Ay = 40 =Gl ~ CAL = (@G~ ATy - AVG~ A — AecThYG
Anftcodon: WA — (g —CeR — A\ —Cae ~ AL~k O TAee

Amino Acids: Ml zunice — Yrostu-e — (‘sl\n&uu-e Tc&ccg\.u.o. A—\M

4. DNA: G/rAC/GCGﬁA'I/ACCIEA%(ATT/é
mRNA: C/M%/%CI/A&» ﬂ7/L, VS
Codon: AC(q — CLC - AU ~Ulaly —Culq - ol
Anitcodon: AL~ (48iq — O —Ale ~ (At — OV

Amino Acids: \Mg Mg mta~e = A—\-%\vu.;a_ — el o — T%r\/\e_@*%

Transcribe the following DNA strand into mRNA and translate that strand into a polypeptide
chain, identifying the codons, anticodons, and amino acid sequence.

DNA: ceAﬁAc/AAT/GGA/ccc/GGﬂATGﬁ:GA/rAT/éc
Codiom— AL~ Cuih —Cow — G = CLA — AL —Cg > — AT
Nevdeiesdion— QAL -AAL — LA — QL ~ Gy - AVe, - ¢4, ,\___,Uﬂd



Name: Row:

Protein Synthesis Worksheet

Directions:

1* Fill in the complimentary DNA strand using DNA base pairing rules.

2" Fill in the correct mRNA bases by transcribing the bottom DNA code.

3™ Translate the mRNA codons and find the correct amino acid using the Codon Table
4™ Write in the amino acid and the correct anti—codon the tRNA molecule.

5" The answer to the questions about protein synthesis below the amino acids.

éé@@ééé@é%éé@éémm

COOLOOLO Qee®

585665 EEEEEEEE maa

PRPPPPPPLPPIPTY trua
R (T (R s CTes Aine

5. mRNA is synthesized in translation o
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transcription?

e

6. mRNA hascodonsjor anti-codons?
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ISE} r 3 codons equal one amino acid?

16. tRNA brings amino &cids to the ucleusoﬂ ibosome?
|....—-—_..

17. A polypeptide is a sequence of protei ﬂlam oacds’?]

18. tRNA has codons o \ant' codon s‘?l ’
19. tRNA transfers amino acids dur glt ranglatio § ranscription
20. Ribosomes are the site wher Ea nslatio cription takes place?
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PROTEIN SYNTHESIS WORKSHEET

PART A. Read the following and take notes on your paper:

Protein synthesis is the process used by the body to make proteins. The first step of protein synthesis is called
Transcription. It occurs in the nucleus, During transcription, mRNA transcribes (copies) DNA. DNA is
“unzipped” and the mRNA strand copies a strand of DNA. Once it does this, mRNA leaves the nucleus and
goes into the cytoplasm. mRNA will then attach itself to a ribosome. The strand of mRNA is then read in order
to make protein. They are read 3 bases at a time. These bases are called codons. tRNA is the fetching puppy.
It brings the amino acids to the ribosome to help make the protein. The 3 bases on tRNA are called anti-codons.
Remember, amino acids are the building blocks for protein. On the mRNA strand, there are start and stop
codons. Your body knows where to start and stop making certain proteins. Just like when we read a sentence,
we know when to start reading by the capitalized word and when to stop by the period.

Ribosome DNA

tRNA

PART B. Answer the following questions on your paper:

What is the first step of protein synthesis? T rowrcolebomn

What is the second step of protein synthesis? ~{ ve~alai o~
Where does the first step of protein synthesis occur? dotheo3,
Where does the second step of protein synthesis occur? C}@M
Nitrogen bases are read i bases at a time.

The bases on the mRNA strand are called C oo |

The bases on tRNA are called @; arelio—~
What is the start codon? AL (g
What are the stop codons? « D AN [ Um(f:t i UC-(i.k

10. A bunch of amino acids put together makes %;}._e,_,?k\cz&ﬂ

e R R e



PART C. Use your codon chart to determine the amino acid sequence. Remember to read through the
strand and ONLY start on AUG and STOP when it tells you to stop. Follow example below:

Example:
DNA - AGA CGG TAC CTC CGG TGG GTG CTT GTC TGT ATC CTT CTC AGT ATC

mRNA -2 UCU GCC AUG GAG GCC ACC CAC GAA CAG ACA UAG GAA GAG UCA UAG
protein > start - glu — ala —thre — hist — asp -glu-threo-stop
acid -acid

1. DNA -> CCT CTT TAC ACA CGG AGG GTA CGC TAT TCT ATG ATT ACA CGG TTG CGA TCC ATA ATC
MRNA 2 gaa Gan Avy, DGU GEC UL CAV Gl AVR ALs UAL VAL VaU GQEL BAAL LTD ARGl VAD UAG
protein = ek - Ly$ < AMa -SECLeo = Ala - ke — ATy -

2. DNA = AGAACATAATAC CTC TTA ACACTC TAA AGA CCA GCA CTC CGA TGA ACT GGA GCA
MRNA 2 e u LLL Avs Aty Girl B VU AR Avo VU WL CLUD (hy HLL ATV VLA CLU WY

proten > P e O eyt e

3. DNA - TAC CTT GGG GAA TAT ACA CGC TGG CTT CGA TGA ATC CGT ACG GTA CTC GCC ATC
MRNA 2 po, GAN Cec COLAVA OGU Go A LAA Gtu AeS DAL LA ULE CAU tial Sl VAt

protein = Met = bhy o — Leo = 1as —tgy - A =TRC= Glo = Ao~ e =
fre At

4. DNA = TAAACT CGG TAC CTA GCT TAG ATC TAA TTA CCC ATC
MRNA D auw Vod GEC AVL GRY Chh A0L UL BV A4 List, AL,

protein => Wek- A= A = \BO -
aciet

5. DNA - CTATTA CGA TAC TAG AGC GAA TAG AAA CTT ATC ATC
MRNA =2 v abu LU 40 ALL VLK CLe AVE VOV GAR Ly Uiy

: * e s .
protein <> ek - \se ~See = Lew> (8o - e - Glo

6. DNA = TAC CTT AGT TAT CCATTG ACT CGA ATT GTG CGC TTG CTG ATC
MRNA > Aon ok LEa BUA GEU AR CUA GEO VAL CAC LEG AN GAt VAL

protein =2 yne- Glo ~Ser = \sw - e
P

7. DNA - ACC CGA TAC CTC TCT TAT AGC ATT ACA AAC CTC CGA GCG
MRNA =2 UG &Y AU QUi AL Auk UL VAR ULE WG LA Lo CLe

protein =2 Mek= ol -AwmsTs0-Ser=

8. DNA > TAC AGACGG CAACTC TGG GTG CTT TGT TCT CTT CTC AGT ATC
MRNA 2 Auy 9t 6L 6oL GAly BT CAL GAR AtA AGA GAR GAL UCH LAy

' “8ere Ala-Val = b ~ Tlae- ¥is = Gl =Thae- Aeg= QW ~blo = Ser —
protein = Wek-Ser = Ava -\l ‘:w o H i‘ o Ay Atd sed
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1.

2. What does a gene segment on a strand of DNA hold the code for‘7

hotolss Mo tedde fec @M G et
79 Aum-_o Am:u.

3. How many different types of amino acids are there?

HW #1: DNA vs. RNA and the Triplet Code

Given the following sequence of DNA nucleotides in a strand of DNA, fill in the complimentary strand of
DNA (cDNA):

TAC GCC CTA AAG GCG AGC TCG CGC AAA ATT

__cDNA AT ggg gg‘(Mﬂg T A(_ﬂ_g@u;, TTT TAD

A -
. %i Raoiedn

4. What did the Nobel Prize winner Francis Crick discover about the code in the DNA molecule? Q\rrl{&zé

5. Is the DNA code for the amino acid lysine the same in a shark as it is in a bacterium?

- " . . _ v 8 - N

Kea
[

6. Use the following table to describe the differences and similarities between DNA and RNA.

Place an X in the column if the characteristic applies. Place a Q0 in the column if the characteristic does not

apply:

Characteristic:

type of nucleic acid

composed of nucleotides

contains deoxyribose sugar

contains ribose sugar

contains glucose

contains phosphate groups

single stranded

double stranded

contains guanine, cytosine and adenine

contains thymine

contains uracil

always found in the nucleus

found in the nucleus AND in the cytoplasm

made from a gene on the DNA molecule

copies or replicates itself

could be part of a messenger or transfer molecule or a
ribosome

makes up your genetic material, genes and chromosomes

%0 XBQXOXXXQXDQ.;{_XX%

b* PRExPxeRp|xixoXOKKE
2







HW #2: Transcription
1. Place the following sequence of steps in transcription in the correct order:

2, mRNA separates from the DNA template.
LY Hydrogen bonds reform between the two strands of the DNA molecule.

2 Free-floating mRINA nucleotides match up with their complimentary nucleotides on the DNA
strand.

| DNA helix unwinds and hydrogen bonds between nitrogen bases break at the gene location.
% mRNA moves into the cytoplasm and the DNA strands reform and rewind.

Given the following DNA strands, transcribe the DNA code into the mRNA codon. Using the chart in
your notes, determine the amino acid sequence for the protein that the DNA codes for.

2. DNA CODE:
T A C A C C G T A T G C C A T A T T

mRNA CODON:
A L &G O G G e A O A CGLE g oA OANA
AMINO ACID SEQUENCE:

3. DNA CODE: , , - , .
T A Cc A G C A" C A C G G 'C C C A C T
mRNA CODON:

Ac o & Lo o &g & 664G ugh

C

AMINO ACID SEQUENCE: %

M ek L ee Mk Ao Gle ==

4. Complete by filling in the blanks:

a) A gene is a segment of DNA that carries the (el fora —m—""“"‘

b) During transcription, a molecule of UMV will be used to act as the ‘messenger’ to
carry the code for the protein from the “‘D‘N 4% in the nucleus to the <\ \Whos o 2
in the cytoplasm or on the rough endoplasmic reticulum.

¢) Proteins are made up of ILMML A &
d) Each amino acid in DNA is represented by S nitrogen bases on one strand of the DNA
molecule.

¢) When mRNA is transcribed from the DNA template,\three nitrogen bases on the strand of mRNA
hold the code for a single  Aowia Avcd .

f) The code for an amino acid on the mRNA is called a ch(lc‘.gw\_

5. Color the following picture of DNA in the process of transcription as follows.



Color a single DNA nucleotide blue.

Color a single mRNA nucleotide red.

Color a single thymine nucleotide yellow.
Color a single uracil nucleotide green.

Color a single deoxyribose sugar orange.
Color a single ribose sugar purple.

Color a free-floating mRNA nucleotide black.




HW #3: Summary of Transcription and Translation

1. What is the name for a specific, three-base sequence on mRNA? oo

What do we call the corresponding three-base sequence on tRNA? Ol tocdoin

Name the process of building protein molecule from information encoded on mRNA. dconglotaon
Where, in the cell, does translation occur? ¢ A\:—e\()fLo—%M

What is the three base sequence of the amino acid that is always at the start of a newly formed protein
molecule? A =t

4

h o B

6. Using the chart in your note packet, determine the sequence of amino acids coded for by the mRNA shown
below left. Start from the top of the mRNA.

A

U

G

g Codon: Amino Acid:

A 1) AV WAe A Gc i@

U 2) Ge A Ade oo

0]

U 3) RO ?\/Lg,u\& \ o b

A 4) JAYLE S A%QM&-.@ A\ A

é 5) /ﬁrCJE:L ) L\f‘ecw\_,,,, \_.a

A 6) Gixe Agpe A Akl

¢ ) Gyt Cilirle unle /\—ud

G 8) L AA —

A

C

G

A

A

U

A

A

7. Amino acids are linked together by ‘?@@M&Q bonds.

8. The base pairs in codons and anticodons that join at the ribosome are CoraAeme cXzag
\

(complementary, supplementary) to each other. <

9. Each protein molecule is made up of one or more small units or monomers called gh AMAAALE ALl

10. RNA differs from DNA. in all of the following ways EXCEPT: (circle the correct answer)
a. it is single stranded
b. it is found inside the nucleus and out in the cytoplasm
¢, it contains uracil in place of thymine 4
it is made up of nucleotides

Use the letters A, B and C, in the diagram below to answer questions 11-13.



C
ﬂ 11. Structure A in the diagram is an
| S e——— A fvcoct oo

GCC ACL .
cCe 12. Structure B in the diagram is an

GGG
Doy
13. Structure Cin the diagram is a
3

14. The structure and function of a protein is determined by: (Circle one) .

a. the number of amino acids in its structure
b. the types of amino acids in its structure
lc. bothaand b
A m—

——

15. Describe the FUNCTION of the three types of RNA:
a. messenger or mRNA Coa \}[ Lo L0
Wothe 2 \e ke cUnete o o-
a. transfer or tRNA  Cocove sy ML‘..AQ_ A Cefs -Q'\"‘C;uv\_ C-»-ccw;]k
é.uf'\wv\arb—é\w A Xe e ltRe oo
a. ribosomal or %NA lﬂc%’%e.w‘z{\-é_.&\ ,’%g!l.um_xx'\u,ﬁo \OU\ W&-&LL_
WASLAGAC ol el A ‘*M oAt ﬂ_.ﬁ&,.pm:&

Lo

o ]

16. Which nitrogen base takes the place of thymine in mRNA? e s b

17. What is the name of the process of making a strand of mRNA from a strand of DNA? ~ T covc «@kcn

18. Where, in the cell, does transcription take place? N le 8
19. What is ribose? E \ne %u%)e,(‘; [YPN %&M’t_ A’(J:(LQ

20. What molecule, similar to ribose, is found in DNA? ‘b)ec;-x_.ég\\_ce-%((




Name:

Date:

\ o8

Period:

S

Mutations Practice Worksheet

1. Define the following words:

Mutation

(zene

M s §&\/& %qg SOANSC. 2

%@rw o@ WA Mok Cooll £lc Aobn-

2. The basic 3 types of gene mutations are:

| S lotdadie |

Dele Silaa

N A S

3. Transcribe the following “normal” DNA sequence into mRNA. Then use your codon chart to translate the
mRNA into amino acids. The normal DNA sequence represents a normal gene. Remember that a gene is a
sequence of DNA that codes for a particular protein.

Normal DNA Gene Sequence

DNA

T-A-C-G-C-T-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T

mRNA

A

Sk

AL

SO alll

ChG

DD%

ey

(SETL

Amino
Acids

Wie

Aoy

Qe

o

qlo

Leas

Yo

—

4. Mutation #1: Compare the mutated strand of DNA in the table below to the normal strand of DNA. What
difference do you notice? A

A

T-A-C-G-C-T-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T

T

“DNA-

Mutated [ T-A-C-G-C-A-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T
DNA

mRNA | Axsty | CGL | gt BOE] GAL | VLG | Col | OGi4
hegs | Wk Aﬁ)\g@( Ve Gl | Ces Gres | —

This is an example of a %L'\Q’F&\.«,\@-\-u—\mutation.

whichwasa  t  was substituted fora A .

Base #

How many Amino Acids were changed by this mutation? _{_

Did this mutation change the gene and thercfore the overall protein that would be produced? Explain
why or why not.




5. Mutation #2: Compare the mutated strand of DNA in the table below to the normal strand of DNA. What
difference do you notice? e S

Normal [ T-A-C-G-C-T-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C~-A-C-T
DNA

Mutated | T-A-C-G-C-T-T-C-G-A-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T
DNA

mRNA | RN [ - | I OO0 Cerae | GO0 |Ge e |Gt A

Amino

acis |WALd | A | Sec |Re | Ave | Vak | Moo Vel |—

o D
1. This is an example of a(n) L Qe s mutation (be specific),

A(n) A —was inserted at position # \

How many Amino Acids were changed? L—{_

How did this mutation change the gene? Explain. ML
C}-.,\oﬁ\ (7AW~ W ‘”‘%‘@P :
AN

A
6. Mutation #3: Compare the mutated strand of DN% in the table below_to the normal strand of DNA. What

Bowon

difference do you notice? MM\Q 3
Normal |T-A-C-G-C-T-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T
DNA

Mutated | T-A -G-C-T-T-C-G-A-A-G-C-T-C-A-A-C-G-G-C-A-C-T
DNA

mRNA | PO | G| Lo | el | A | VG CHO0 | Gt
it | Qe | G | Mo | Qe | Sec | Cang| Ba | —

1. This is an example of a(n} \D: M‘u—\mutation (be specific)
A(n)} ¢ was deleted at position # _E 5

How many Amino Acids were changed?

B owon

Conclusion
What type of mutation has the least chance of changing a gene? Q{M\M@H

; 01
Which types of mutations have the best chance of changing a gene? \"_\/L&aa%\wand M@k@«‘_

In this activity, which mutation caused the most damage? Explain.

Delel-emy



Name \L-e,k}\ Period Date

N

Tales of the Mutant Jaguar- Untamed Science Video
Log in to the textbook website. Choose Unit 4, Chapter 13 Resources, Untamed Science

Video

1. The effects of mutations can be & jL_\;IA ,Q. \’Qcﬂm Q(ﬂ , OT

(33 [ZAW ) WO\ML
2. Mutations hit a dead end if they are not passed on to the

O e ias

\ —
3. Mutations that are beneficial and passed on to the offspring are really

rCu.a('L ; -
4. Some mutations are changes in a single base pair. These are called ? &kij

mutations.
5. Mutat:tio'ns that remove a part of the DNA sequence are called Okdﬂ,@:.ﬁ-«—\

mutations. - " 5 . _ _
6. There-are two general causes of mutations. One is due to errors that occur during

o W Age The other is external causes of change in the DNA -

sequence like exposure to_ -L@‘!LCL compounds and (?L@Lua./en.oﬁ—

7. What happens to cause beneficial mutations? To be beneflc1al the mutation must
result in some adaptation that makes the organism better able to

Qo€ _and_ G @@c&eﬁm& in its environment.

8. From an evolutionary standpoint that mutation must be found in the DNA of the

organism'’s Lew rek L < in order to be passed along to its

9. An example of a beneficial mutation may.be.. _(@@:MJ to a certain

bacteria or a disease.

10. Albinism and melanism are two genetic pigmentation variations found in

nature. M'):a-w:-‘r\prevents the body from producing pigments.
_ WM causes the body to produce excess black pigment.




11. What type of environment are golden pigmented leopards found in?

Jbﬁ_tlr&mm

12. The spot pattern of the golden leopard is beneficial in an environment of
‘%m and %Na_cﬂoud
13. On the other hand, melanistic individuals have an advantage in environments

where M %:«K M
14. Most mutations are ﬁ—\@k«-v\lk and do not affect individuals.

15. The more dramatic “bad” mutations are somatic and (are ¢/"are not } passed on

to the descendents.

16. The most rare mutations are \(_\ewg;w& which@j are not ) passed

on to the descendents.

17. Over time, beneficial mutations can spread throughout an entire
IS

?@SZJLQ.L-@V\ This is what we recognize as the classic S@eba—e_‘% :

Timing and Frequercy of Mutations

Mutations may occur at different times in the life cycle of an individual. Think about the
effects of the following mutations at different times in the life cycle of an individual;

1. Mutations that occur durj igsigrmation of gametes (sex cells), or just after
fertilization are found ig (.all / some ) cells of the organism.

2. Mutations that occur during the embryonic stage, \c\ells and tissues are

differentiating, cause mosaicism, in which (all / gome ) @ells of the organism have
the mutation.

3. Mutations that occur after an organisfmis-fully formed-affect only the cells in which
they occur and their daughter cell . (TRUE FALSE]

4. When mutﬁqccur in sex cells, they may be inherited by the organism’s
offspring, (TRUE /'FALSE)

5. If mutations occur in somatic (bodz&ls“%%utations will remain in the gene
pool after the organism dies. (TRUE/ FALSE)



Name: Date: Period:

DNA vs. RNA

1. Which of the following is paired correctly? CHOOSE TWO

DNA: Phosphate, Deoxyribose, Uracil RNA: Phosphate, Deoxyribose, Adenine
DNA: Phosphate, Ribose, Thymine NA i Phosphate, Ribose, Cytosine
DNA:{ Phosphate, Deoxyribose, Guanine RNA: Phosphate, Ribose, Thymine

]

2. How many strand(s) are present in RNA molecules?

| a.1\ b.2 ¢.3 d. 4

3. How many strand(s) are present in DNA molecules?
a1 (b2 | c.3 d. 4
4, Where is DNA found? _ NacLeor@
5. Where is RNA found? _blest Lo, S— C,uggra'{\bt_é‘—%v"\

6. What structures are composed of RNA? (HINT: you should have 3 answers!!)

A e QA R

7. Fill in the correct sequence for the Central Dogma of molecular biology.

DNA > M - proteins or polypeptides = A ook

8. Genes code for all the following, EXCEPT?
a. traits é— b.proteins <= c. polypeptides l of these are correct!

9. RNA and DNA are both in which organic compound category?

a.Carbohydrates  b. Lipids \ c.iNucleic Acids d. Proteins

10. The monomer unit for both DNA and RNA is ...

a. monosaccharide b. triglyceride l C. ?_ucleotide d. amino acid



Name: Date: Period:

Transcription

£

1. Where does transcription occur? SN

2. What molecules are required for transcription to occur correctly?
a. DNA, RNA polymerase, DNA Nucleotides

b. DNA, DNA Polymerase, RNA Nucleotides

c.IDNA, RNA Polymerase, RNA Nucleotides

d. DNA, DNA Helicase, DNA Polymerase

3. Transcribe the following sequence

TACGGGICAC TTAGGC CATACT
Ao(_:],lcac:_,lé_uc;(.lAcA-u Ic,f;f:.‘( qu{ O A

4.In the above sequence how many codons are present?

e
a. 21 b. 6 | c.7 d. I don’t know what a codon is ®

5. What is the DNA sequence, given the mRNA stand be]ow?

AUGAAACCCGAAUUUCUCACG
“TAL Cola G OSTT AR LAGIN GO
] 1 1 L

6. The piecces that get cut out from the mRNA sequence before going to the cytoplasm are known as...?

\ a. Introns‘ b. Exons c. Promoters d. Nothing gets cut out




Name: Date: Period:

Translation

1. Where does translation occur? (‘u/tﬁ‘ﬂ'( (R VL

2. What is an example of a codon? C‘:‘l C‘ #’5@

3. What molecules are required for translation to occur correctly?
a. RNA polymerase, RNA Nucleotides, Ribosomes
RNA, tRNA, ribosomes, amino acids
c. mRNA, DNA, nucleus, ribosomes

d. DNA, DNA Helicase, DNA Polymerase

4. Translate the followm% mRNA sequence into a chain of amlno acids.

AUGAAACCCGA UUUCUCAC UGA

MK /P -

5. How many codons are present in the above sequence? Amino Acids? l

6. What would be the tRNA sequence (anticodons) for the sequence given in question 4.

UAC 00w (qGlg G A (il OGC At

7. What is the bond that forms between the amino acids? ?&?&JD‘L—Q M

8. What is the one and ONLY start codon? LQ‘Q g\L

9. What are the three stop codons? @) At - O (:?JA( —{) A’(:;‘ik



Name; Date: Period:

Mutations

1. Mutations are...
a. heritable changes in genetic information
b. spontaneous
c. harmful, helpful, or neutral

-~

d. All of the above are true

2. List four examples of mutagens:

Pesdie ol L dersza Quadle \N(‘QJ_S{Q \_;Lcmg\

Identify the following as Deletion, Insertion/Addition, or Substitution Mutation:

Normal DNA
Here is the e AGAACCTCCGAG DNA
Normal . .-.A: T A ) :v (I -X U - -;- ] 2 - -X;
Sequence SR B R L VIR B W
! : i H
I_SER—!— TRP |—| ARG ]— | Nezma! amino achd sequenee in
. the oty
3. What is the mutation shown in the image to the right? , . . . .2 s o
N Smiarpd DN - $R1 A NINIeDUG?
\nseAlon
= &0 8 AT EC G A TR A
Clrc]e the mutation. e - & G O A O | L 41 (%4 ,.”'; f'_) N.X;'
E‘E \ : . |
What happened due to this mutation? = = ' =
E) M&% Me}\ u,)f\-& el Gf_}";““i_-jl;:;i |

%‘&W

Over =



Mutated DNA - of a nuclevtide

4. What is the mutation shown in the image to the right?
— A G e €. :'s CTCCEGAU .. D (INA)

Circle the mutation. e v Y =

What happened due to this mutation?

D

Mutated DNA of ;i pueteotide

5. What is%tw the image to the right?

Circle the mutation.
| | | |

What happened due to this mutation? N\ Y Y~ y
Aelint )

6. Sickle Cell Anemia is what type of mutation?

a. Insertion b. Deletion | ¢. Substitutior







CP Biology
2013-2014

UNIT 5A: Gene Expression

WHAT IS A GENE?

Gene:

1) A unit of hereditary information which can be passed on
fo future generations.

2) A segment of DNA on a chromosome which holds the

code or “recipe” for a protein or polypeptide.

Review of the amino acid structure of a protein:

| H _
xnzl_lﬂl M %Izlmtnlzl —CN—C—C =N C—C—OH
H H

J Do dd 1l

OH OT—LN
|
mﬂ
CH, CH OH
nh.,m ,_*m__uﬁ g | B, Iﬂ: H\ CH
N—

1) Circle the R groups

2) How many different TYPES of
amino acids could be used to form a
single protein or polypeptide?

_AO*

3) How many TOTAL amino acids are
shown in the diagram to the left?

o




Protein Synthesis — the building of proteins

* Proteins are synthesized by ribosomes in the cytoplasm
(on rough ER or floating freely in the cytoplasm),

Proteins come in many forms. Due to the variety of different
proteins, they serve many different functions that contribute to
the growth, maintenance and replacement of cells.

» The DNA is located in the nucleus of a eukaryotic cells.

o Additional molecules will be needed to carry the DNA
code to the cytoplasm to form proteins. This molecule is
called RNA (Ribonucleic Acid).

* RNA nucleotides are composed of:

1) Ribose Sugar
2) Phosphate Group

3) One of four Nitrogen Bases: Adenine, Guanine,

Cytosine and Uracil

Type of Protein Name of Protein Exact Function
Structural Collagen In structure of skin tissues
Keratin In structure of hair, bones, skin and nails
Contractile Myosin, actin In muscle contraction
Transport Hemoglobin In carrying oxygen in blood
Hormones Insulin, glucagon In conirol of blood sugars
Enzymes Pepsin, amylase In digestion of organic compounds
DNA polymerase Replication or duplication of DNA
Protective Gamma globulin In antibody formation
Fibrinogen In blood clotting
Toxins Venom Used for protection or to capture prey

e Differences between DNA and RNA:

Characteristic

DNA

Location in the cell

found only in the nucleus

Type of sugar in nucleotide

deoxyribose

Number of strands

p)

Nitrogen bases

A,G,C, thymine--no uracil

Can be copied or replicated

yes

Different forms

only one form—DNA

mRNA, tRNA and rRNA




Three types of RNA necessary for the synthesis of proteins: | Label the following molecules as either mRNA, tRNA or

rRNA.
1) mRNA — messenger RNA: carries an RNA “copy” of PP oo B B 8
the DNA gene code from the nucleus to the cytoplasm. wm _3“ } h x _HJ m_ I w w.w P el MM A
2) tRNA — transfer RNA: fransports amino acids from the B TP W TR
cytoplasm to the ribosome so they can be joined to make
a protein,

3) rRNA — ribosomal RNA: molecules of rRNA make up
the ribosomes two units plus associated proteins
(function is purely structural).

Gene Expression

How the genes are expressed is a function of the protein
produced.

Recall the Central Uom@m”
DNA (Gene) > mRNA > Protein > Trait (Expression)

STEPS IN THE SYNTHESIS OF A PROTEIN:

1)Transeription: mRNA strand is built from the code on the
DNA strand (gene).

2) Translation: mRNA strand is used at the ribosome to help
join amino acids to form a protein.




Transcription

Requirements for Transcription:

1) a gene segment on the DNA.
2) many free floating RNA nucleotides
3) the enzyme RNA Polymerase

Steps in Transcription: (catalyzed by RNA polymerase)

1) DNA double helix unwinds at the area of DNA where the

gene is located.
2) Weak hydrogen bonds break between the two DNA
strands.

3) Free floating RNA nucleotides bond with complementary

DNA nucleotides to form a one strand of mRNA.

4) When the mRNA is completely formed it breaks away
from the DNA.

5) The DNA strands reconnect and the mRNA is free to
travel to the cytoplasm.

A gene holds the code for a functional protein or polypeptide.

The code is found in the sequence of nucleotides on one strand

of the DNA at a specific location on a chromosome.,

In 1961, Francis Crick and coworkers proposed a triplet code
for the formations of amino acids from DNA.

Triplet Code: g set of three nucleotides that codes for a

single amino acid in the protein = Codon

Create a mneumonic device to remember the requirements

(gene segment) G:

for transcription:
(el

(RNA nucleotides) R:

(enzyme RNA E:

Polymerase)

Example of Transcription:

The DNA code for a polypeptide is as follows:
T-A-C-C-C-G-T-A-G~-C-T=T-A-C-T

AOG GG AV A VG

Fill in the nitrogen bases that are complementary to this
DNA strand.

Fill in the triplet codes (codons) above on the complementary
strand of mRNA.




Notice that three bases in the DNA code for a single amino
acid.

| ! !
@y R e nRre il
y  tnplet ‘ \ tnplet / \ triplet Y
<, e“..»lnt.l.i i o !..h‘lr.til..rl..\rr--r..? ..:.v.....\..l.!. wlsrllt......\a..

o SRR S

(The gene is read from one of the two DNA strands.)

Each triplet code on a DNA molecule is transcribed into a
triplet coden on the mRNA molecule.

Some codons have special functions:
o Start codon: signals the ribosome that it is the
beginning of the mRNA seguence. .
» 1. AUG — codes for the amino acid methionine.

* Stop codon: signals the ribosome that it is the end of the

mRNA sequence and triggers the release of the mRNA
from the ribosome.

> 1.e. UAA, UAG, UGA — DON’T code for an
‘amino acid!!!

1) Identify the phospate groups (PQ.,), sugars, nitrogen
bases and amine acids in the picture to the left.

2) If a protein is made of 100 amino acids, how many bases
in the DNA are needed to code for the protein?

# of amino acids x 3+ 3

20\,
T

Hint: # of nitrogen bases =
(to account for the stop codon)

Answer: [ ooy D.pﬂénﬂuvv gy =
AN

Practice:

DNACodee T A CCATCCCAAAACT

mRNA
codons:

*What does each letter in the code or codon represent?
*What does each codon represent? .

*Because each base triplet on the mRNA stands for an amino
acid, each mRNA molecule must contain W| times the
number of nucleotides as the number of amino acids making up
the protein.

*A mRNA strand with 66 nucleotides codes for a polypeptide
2\ amino acids in length.

*A protein 300 amino acids in length was made from an mRNA

strand 0% nucleotides in length.




mRNA Codon Chart

We can use the following chart to determine the exact sequence of amino acids that will make up a protein.

In the genetic

The third base in

. £ 5 ;
b The secand base the codon is found
is at the top of along the rigin
Mok the chart. side of tha chart,
3 U C A G

ﬁ Phenylalanine | Serine Tyrosme Cysteine i ,
Phenylalanine | Serine Tyrosine Cysteine Lo
| eucine Serine Stop Stop I _
| eucine Serine Stop Tryptophan G “
"o = !
a Uba first basa = _
in 2 ceden is | Leucine Proline Histidine Arginine i _
found along the Leuctne Proline Histidine Arginine (S
ieft side of the l eucine Proline Glutamine Arginine L
chart, j eucine Proline Glutamine Arginine £, w

,.P I=oleucine Threonine Asparagine Serine v
' - - i
Isoleucine Threonine Asparagine Serine i
3 . ' = (|
saleucine Threonine Lysine Arginine A

Methionine Threonine Lysine Arginine "

™ 2 .
ﬁ. Valine Alanine Aspartic acid | Glycine o
Valing Alanine Aspartic acid | Glycine T |
Valine Alanine Clutamic acid | Slycine A
Vaiine i Alaning Gluamic acid | Glvcine G- ]
: |




If the chart on the previous page is too confusing then you can
also use this codon chart:

Siof

& Tryplophan

it

Practice:

1) How many different mRINA codons are there on the

chart? QD r._

2) How many different amino acids are there?

3) With the exception of Methionine and Tryptophan, more

than one nucleotide triplet codes for each amino acid.

Give an example of an amino acid which has more than

one codon.

I

4) What do you notice about the codons that code for the
same amino acid?

D gimdoe Voesees, \SYD L5

5) What is the only Start codon? Pc ﬁu._

What is the DNA code for the mRNA start codon?

AA

6) What amino acid does every polypeptide begin with?

<</k\r.)>7n?(rrn\

7) How many Stop codons are there? “%

8) What are the Stop codons? [ JAJ\ | 7
What are the DNA codes for the mRNA stop codons?

ATL , AT, AT

A




After transcription has taken place, the mRNA moves QOUT of
the nucleus to link with a ribosome in the cytoplasm.

Then will begin.

TRANSLATION

Translation: the process of using mRNA codons to build
proteins at the site of the ribosome in the cytoplasm or on the
rough endoplasmic reticulum (rough ER).

Requirements for Translation:

1) mRNA — it carries the DNA code as ‘codons’.

2) ribosomes — 2 tRNA + protein subunits

3) tRNA — carry the amino acids from the cytoplasm to the
ribosome to be joined to form proteins.

4) Kmb% amino acids in the cytoplasm.

5) All the necessary enzymes.

Steps in Translation:

1) mRNA joins with the ribosome in the cytoplasm or the
rough ER.

2) tRNA with an amino acid attached joins the mRNA
codon to the anti-codon. (the anticodon on the tRNA is
complementary to the codon on the mRNA)

3) Asecond tRNA with an attached amino acid joins the
mRNA.

4) A peptide bond forms between the first 2 amino acids.

5) The first tRNA released from the mRNA and the amino
acids stay bonded together.

6) The mRNA slides through the ribosome to expose the
next codon.

7) The next tRNA with an amino acid joins the mRNA.

8) The sequence 2-7 is repeated until a stop codon is
reached.

Fliimmadmg

":Emn_o: codan

K Notes: (Recommend making a
mneumonic device for the requirements
for translation.)

P A is read in this direclion

mEC A moves pest ribosome in this direction




The Final Products of Protein Synthesis

 The final products of protein synthesis are either a
non-functional polypeptide or a functional protein.

Many times a protein must be modified after it is
translated. This is done in the cytoplasm, the ER and/or
the Golgi.

Some proteins are coded for by a single gene, i.e insulin
(which is later broken into 2 segments).

Some proteins are composed of different genes, i.e.
hemoglobin (2 genes, 4 segments).

This is directly from the USG section of what you should be
able to do by the end of the unit (#1):

Relate the terms DNA, chromosome, gene, RNA, protein,
and trait.

ON A vables TUNAR
WO paslles Occ\en

W enate S OQ_MescOinse—ox
ChecirnnZLe o e %Enhowg

Gene Mutations

Gene Mutations: any change in the normal sequence of
nucleotides in a gene sequence.

There are different variations of gene mutations.

1) They can be harmfiul, helpful or have no effect.

2) They can occur spontaneously during DNA replication
despite the enzymes that help to proof read the DNA. -

3) Many of the mutations in the DNA are caused by
mutagens: any physical or environmental agent that can
cause a genetic mutation.

4) An altered gene may be passed on to every cell that

_ develops from it BUT it will be carried on to the next

generation only if the mutation takes place in a sperm or
egg cell

Some mutagens are:
) _SPesdict A sy
2) A_ N\ae LT 0N Krodl .o

) X xR

4 W QWCMW

If a mutation occurs in a gene it is usually harmful. It can cause
diseases such as cancer, and many hereditary diseases that are

passed from parent to offspring.

| If you inherit a disease such as hemophilia, what are you

actually inheriting? ?%b
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There are several ways that the base sequence can be changed
or mutated:

1) Addition of an extra nucleotide within the sequence.

2) Deletion of a nucleotide within the sequence.

3) Substitution of a different nucleotide for one normally
present in the sequence.

Analogy:
Read the following sentence (remember, it’s read in triplets.
The fat cat ate the rat.

e Addition:
Add a b in front of the f in fat. Shift everything to the
right.

The bfa tca tat eth era t

¢ Deletion:
Delete the fin fat. Shift everything to the left.

The atc ata tet her at

e Substitution:
Substitute the letter b for the f in the word fat and read
the sentence again.
The bat cat ate the rat

Which change does the least damage to the sentence structure?

Normal DNA
<...,AGAACCTCCGAG..> {DNA)

S L

H (Normal amino acid sequence in
the protein)

Mutated DNA - Addition om a .Eo_moaam

Addd G nucleotide

<. >O>%>OO.HOOQ>Q ..~ (DNA)

S L L L

(Changed amino acid sequence
in the protein)

Mutated DNA - Deletion of a nucleotide
& = O3t A nucleotide

€...AGACCTCCGAG....~» (DNA)

R iealeies

{Changed amino acid sequence
in the protein)

Mutated DNA - Substitution of a nucleotide
Substitute a C foran A

€...AGACCCTCCGAG....> (DNA)

o L

(Changed only 1 amino acid in
the sequence of the protein)

11




An example of a disease casued by a gene mutation is the disease Sickle Cell Anemia.

What is sickle cell anemia:

A nucleotide substitution which results in hemoglobin oleucles that become rigid, causing the red blood cell to assume a half-

moon or “sickle” shape. The cells do not carry oxygen as effectively and can have difficulty moving through tiny capillaries due

to their decreased flexibility and increased tendency to stick together. Causes debilitating pain, strokes, eye damage and
shortened life span. Medictions treat symptoms as there is no cure. Bone marrow transplants and gene therapy are being used

with some success.

Because the gene sequence is mutated,
the gene expression is altered.

Miserval hemmoigton s DHA

Yhont narnegienin DVA

TTTREE]
...._m:ﬂ Y — )
RN

Flormal hemeglebin

:.!,l..MI Gl I.It

=

1 ot

- TOUEgET
iNDRmRANAL

Sizkle-cell ramagiobin

»

H val k

mql ST 8 prminny Ve G
(m Eat: BWTB QAKG
WG s TR BAC £TE

The change in amivo ACiO ReQuencs causns

dirmal

Ty GAG BTG ACQ T & A& GG A .....ﬁ.n._..., T
B AT CcT alle GAG
=
4
_ == R G
ceaurce | VAOD — Histicing — Laucine - Throonine — Prolne T.E- T_F_Iiw.u

Mutant

Viline  — Hiicin -, deucing — Thisoiing = Profing - ShEmic| (Ghtemie . ..‘ }

Sickind r bloid colln

wglobin moleculos (o crystaliize when ox yorn levpla
in ihe blood are low. As a reaull, red hlood cells aickle and art stuck in amall Blood venseis
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