Problem Solving Lab ~ Chapter 11.3
What Type of Mutation Results in Sickle-Cell Anemia?

A condition called sickle-cell anemia results from a genetic change in the base sequence of DNA,
Red blood cells in patients with sickle-cell anemia have molecules of hemoglobin that are
misshapen. As a result of this change in protein shape, sickled blood cells clog capillaries and
prevent normal flow of blood to body tissues, causing severe pain.

ANALYS|S: The table below shows the sequence of bases in a short segment of the DNA that
controls the order of amine acids in the protein, hemoglobin.

DNA BASE SEQUENCE: .
Normal Hemoglobin GGG CTY CTT 11T
Sickled Hemoglobin GGG CATCTTTTT

THINKING CRITICALLY:

1. Use an amino acid table to transcribe and translate the DNA base sequence for normal
hemoglobin and for sickied hemoglobin into amino acids. Remember that the table lists mRNA
codons, not DNA base sequences. :

2. Does this genetic change illustrate a point mutation of frameshift mutation? Explain your
answer,

3. Explain why the correct sequence of DNA bases is important to normal development of
proteins.

4, Assume that the base sequence reads GGG CTT CTT AAA instead of the normal sequence for
hemoglobin. Would this result in sickled hemoglobin? Explain your answer.
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Problem Solving 1.3
Gene Mutations and Proteins

Gene mutations often have serious effects on proteins. in this activity, you will demonstrate how
such mutations affect protein synthesis,

PROCEDURE:
. Use the following base sequence of one strand of an imaginary DNA molecule:
AATGCCAGTGGTTCGCAC

2. Write the base sequence for an mRNA strand that would be transcribed from the given DNA
gequence.

3. Use the amino acid tabie to determine the sequence of amino acids in the resulting protein
fragment.

4, If the fourth base in the original DNA strand were changed from G to C, how would this affect
the resulting protein fragment? :

5. If 2 G were added to the original DNA strand after the third base, what would the resulting
mRNA lock like? How would this addition affect the protein?

ANALYS1S:
1. Which change in DNA was a pomt mutation? Which was a frameshift mutation?

2. In what way did the point mutation affect the protein?

3. How did the frameshift mutation affect the protein?
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Karyotyping Scatter Sheet
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KARYOTYPING ANALYSIS QUESTIONS

Karyotype Letter:

. What is The sex of this individuel?
How do you know?

4, Ts this karyotype normel or abnormal?

Explain.

5. Describe the abnermality and identify the asseciated condition(if present)

a~

. How might karyotypes be used in medicine?

7 How do chromosoms mutations occur?

lain +he benefits of chromosome mutations.

8. Ex

9. Why are some chramesome mutations harmful?

K6



‘$20meD TN Wog Fesmod 199301d 01 shem omy IsTT (3

HOTOHD HNOA 37T0NUI0
*3[GISI9AILI] 51 TIOTIETpEl Ye[os oy a¥euTep up{S :957ef 10 30U, (p

Jaanquns

813495 10 NS 0} amsadxa renpe1d ‘Buof - snorsfurep asomw st yIy (9

< 3

. ‘pmotelew € Jo sufs Sumrem 1 (g

"SPILS ) UL 235 NOA WM mel(] (B

T4

HOIOHD) WA0A TTEID '9ma80uaed os[e §1 20Urs PUey-puodag :257gy 40 31y, 1
“EOI0HD MNOA TIEID LON 10 SHA (elqeimassad sqesp sowes Sun| 1sow ary (2
{1oues Fou] Jo esned jreogradis 1som S SR (4

FOIOHD HNOA FTOUID ‘25wasip (2121 ) (4OMWO? 1500 aM) § 130med Fuw] (2
FAONVY ANV

IHIOHD WNOA TIDUID ‘(udrueq) (ueusiewr) pafes a1 sqaoiB snosoueo-noN (&
TOWIIL- © adris

IOICHD
YNOA TTYEID SNOI0URI-HON BIE SPA0 PIZISEISTINW] 195TeF 10 31 (3

03 AJ[IGE 37 150] 24®T S[[RY J9YUED (P
Jsucneuag g oy
2 39T [ S0 199URS AT M0f T[33 STORIEED [ {iv Bmeig (o

"jou pooys
0) INTEOD PR FUE) (g

Aot} TIUM TIARD pue

“S{[89 SROIURD S JO STOS [3qB7] IPNS ST UT 235 DO J6Gm mex] (¥

g

NV TdA -

8unjows dojys 0y preq 31 puy 2@8& Kueur op Agm (@

* se 300] s IPIATP PR m01F 0} anmymod SRy WD) (g

HHONYO" L

- P dalT

ol S Sl

oty gy b

Az

K7

pue £q peziioRIRY) oM Fnssy) pme S[R3 [euueN (P

"HDIOHD MNOA dT0dI0 =l
ot JO [[e ApOq oA Aq 9pemm Bmaq 218 S[[20 maN [2S[ef 10 2L, (>

“Apoq TEUY 20 U S0 am s1aq] (g

“api|s SIq @ 998 nok jeqa mea (B
NOIS AHLTVEE- T3as

‘HIOHD HNOA TIUID (ON 20 STA (PlrInoassd soues Aue ary €]

Jmstmmonans o Uy 1wasaid s10j0ey 4q pasned 1 s1D0UED JO wasied ey (p

T paf[ed §1 JUSWUOIATS 97} M [2IRIIT) 10 s fe Smsnes-mome v (2

FUOTINO) TN SARY SISEISTP 129Ted e op Jeqa (4

"IOIOHD YNOA TIDHID (s958e5Tp JURIAFP 00] Wey) 10W) (eszamp IABms €) 51 1a0we)) (2
NOIIONdGEIN

‘pepuaord aveds s m 20
nok jeqa mep ‘paisanbal weuy 193[qns 37 IM0GE SI0M MR no£ s 13S0 91 pug Aem no & "vopsanb pue
2PS 1%a1 9} 01 0F ‘I2MSUE I MO LUOP 104 J 1WIGSI0M Y} TO 3p1is 1201 J0) suonsanb a1 emsTe “1x9y
pa1uud pue pIEs [oes Suldpnis RYY LRPEoj XAl 3Y) W ronduassp o1 ApTis pre IpTs Yoes FuTIeY ]

3p1]s 94} 3Urp[OY JP[O] 1R} 3Y 0) PAYIEUE
2d0j9ATS ST UG SDIISOIIA PTE Jamalp-3PIS-0IDIA] 3G1 JO 35T JOF STOUDSNP 33 MO[[) PUe peay

*19p]0d XS] PUE SPISOIINA] ‘ISMILA -IDIS-01ITA 2} 350
4 NoJ "prIIsAald pe PR133Iop 2Q T3 )| MOY PUR TI0UR]) MOQE SAT(IPTOS WEY [fas NOA JIUM ST U]

NOIDTKICHING
Hivd SSYIO INVN S LNIANLS
HEINVD
$bZ LS NOSSTTn I TSOUIIN
Hod
JHTHSEI0M INIGLLS




k8

{190UE2 J0 PO 18qm pug sdjoy 1593 dud v (P

"HOIOHO
ANOA TIDUID (2e1 wmo 511 ve ssa180id 03 pamofe} (£15e2 1gdnes) ; pajear) oq Ued J2owed Jefuansa] (2

DY} ©F UST T TIYO JSOWT SIMII0 JITed remnansay (4

GOIOHD BNOA TIDULD ‘Sinpe Junck o woummes e wajsks aananpoidal 31 Jo SIeaTe)) (as[ey 1o anu], (¢

"HOIOHD
MNOA TIEID “(soneurmexa-fs Yanong ‘mamo ) {S10150(]) {S103UED 15221q JS0W Spuy oqm (2

. HOIOHD
WAOA TIDHLD ‘120182 5631 WOE SYILp Sumuanad o} A3 3 51 (uns o Jmproae) (wonasiep Aled) ¢

“ISEOM URILHTTY YuoN Suocare 12IUed UOTIIOD 10U 3} ST (e

! £ : 13515 U002 Jsurede 19101d djag Aew 1eq) SPOO) IS (2

“J30UED WO02 FomoEnes Jo 99Ueyd Mok a5e2133p i Fusearom pire Funm- {q

"JOIOHD MNOA TIDUID “sreouea malsks 2ansaBp w s[01 v skeid (as19:x7) (1)

STONIONYD ANV TYIREON 7 NOTOD - 9 3ars



I
How to solve genetics probiems

- Step #1 Determine symbols to represent the alleles. Write them on vour paper.
Step #2 Determine the gerotype of the parents; represent them with the approprizia symbols.
Write them down.
Step #3 Determine possible gametes from sach parent. Write them down.
(Don t break the law of aecrecanon“)
Step #4 Draw a Punnett squaye. Place the gametes from one parent on the top of the square and
the gametes from the other parent along the lert side of the square. Fill in the boxes.
Step #5 Reread the question. Write a complete senfence in which you clearly state the answer

to the question asknd in the problem.
Example: In certain flowers, blue flower color is dominant to purple flower color. Give the genotypic ratio among
the offspring resulting from a cross between a plant with purple flowers and a plant heterozygous for bive flowers.

What percent would be blue?

1) B = gene for blue ﬂowers ~ 4) B b
b = gene for purple flowers ' b Bb bb
2) bb (purple flower's genotype); . b Bb bb -

Bb (blue ﬂower s genotype)

3) bb —> borb Bb->B or b,

5) The genotypic ratio among the offspring is 1 Bb: 1 bb. Fifty percent would be blue .
Work out questions 1 - 4 on a separate sheet of paper. Show all work neatly

1. Curly hair is dominant over having straight hair. A man has straight hair and a woman is
heterozygous for curly hair. What percentage of their children should have straight hair?

2. Having wide feet is dominant to having thin feet. A woman and a man each are heterozygous
for wide feet What fraction of their children should have wide feet?

'3. In fruit flies, long wing is dominant to short wing. Two long wing flies produce 49 short wing
and 148 long wing offsprmrf What are the probable genotypes “of the parents? Use a Punnett
. square to determine what fraction of the long wing offspring should be heterozygous.

Note: You will need to do steps 1 and 2 for problems 4 and 5; no Punnett square is needed.
4. Assume dark eyes are dominant to blue eyes . A'blue eyed man marries a dark eyed woman.
They have one child who is blue-eyed. The man's parents have dark eyes; the woman's father
has dark eyes, but her mother has blue-eyes. What are the most probable genotypes of all of the
individuals mentioned? Hint: you may want to do a "family tree."
5. In cattle, the hornless (polled) condition is dominant; the horned condition is recessive. A
certain polled bull is bred to three cows.

Cow A has horns and bears a polled calf.

Cow B is polled and produces a polled calf.

Cow C is polled and bears a horned calf.
Use logic to determine the genotypes of the four parents and the calves. Indicate whether
each animal is homozygous or heterozygous. Youmay not be ableto fﬂl in all the blanks!!

Bull: _ __  Cow A: . her calf: o
Cow B: — hercalf: = __ __
CowC:  __ __ her calf o —

K4
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GENO']?HENO

1) WhaT is fhe geno?ype of your‘ baby zngglyﬁ

2) Describe the phenotype of your baby ziggiy.

3) Where did the genetic information to create the baby zigaly come from?

4) Dees your baby ziggly differ genetically from the mother ziggly? If so, how was this genetic
variation created? |

5) What genotype does your ziggly have for body number of eyes? What is the resulting
phenotype?

6) What genotype does yaur father ziggly have for hair type? Does your baby ziggly and father
ziggly have the same phenotypic hair type?

7) What does Mendel's law of segregation state? How does this law apply to the creation of a baby
ziggly?

8) What does Mendel's law of independent assortment state? How does this law apply to the
creation of a baby ziggly?

9) What would be the probability that a baby ziggly would be homozygous recessive for nose style
if two zigglies (Rr x Rr) were crossed? (show punnet square)

10) What is the genotypic ratio for hair color in your potential baby ziggly?

11) What is the phenotypic ratio for body color in your potential baby ziggly?
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