Name Section

7.014Problem Set 5

Please print out this problem set and record your answers on the printed copy. Answers to this problem
set are to be turned in to the box outside 68-120 by 5:00pm on Friday April 13, 2007. Problem sets will
not be accepted late. Solutions will be posted online.

1. cdl Cycle
(a) You are doing gendtic research on anew species of fly, which has two different chromosomes each of which
is present in two copies (i.e. Bthefly isdiploid). You are studying three genes. A, B and D. Y ou deerminetha
genes A and B are onchromosome 1, and gene D is on chromosome 2.

0 Are genes A and B absolutely linked? Briefly support your answer.

A and B are not absolutely linked. They could be far enough apart on the chromosome that they assort
independently.

(i)  Canacross-over event occur between genes A and D? Briefly suppot your answer.

A cross-over event can not occur between genes A and D. A cross-over event requires homologous
recombination and therefore only occurs between homologous chromosomes. Genes A and D are on
different, non-homologous chromosomes.

(b) Thecell cycle of thisnew fly speciesisjug like the onewe discussed in lecture. Based ontha cell cycle,
how many copies of gene B would you expect to find present inE( circle your answer)

(i) acell that hasjud finished meiossl: 1 @ 4 6 8
(ii) acell tha hasjud finished mitogs: 1 @ 4 6 8
(iii) acell tha hasjud finished S phase: 1 2 @ 6 8
(iv) acel tha hasjust finished meiosis I: @ > 4 6 8

(v) acdl thaisin G1: 1 @ 4 6 8

Question 1 continued



(c) Cancer isadisease that results uncontrolled cell division. Cancer cells have log the ability to regulate the
cell cycle. Which of thefollowing mutationscould contribute to a cell losng the ability to control cell division.
Circle all tha apply.

. A loss-of-fundionmutation in agenetha is necessary to hdt thecell cycle whilethecell reparsits

2. A loss-of-fundion mutation in thegenefor DNA polymerase.

ﬁf:szﬁmion mutationin ageneis necessary to repress the expression of genes tha stimu
4. A gan-of-fundion mutationin agenetha stimulates cell division. >

5. A loss-of-fundion mutationin agenetha isimpartant for oxidaive phoghotylation.

2. Youareworkingin alab tha studies kernd development in adiploid com plant. Your current project is
studying the genetics of kernd color, which you know s controlled by a single gene

(a) You are studying three different corn plants, each with a different kernd color: yellow, red and blue Do
each thethree different types of plants have identical genotypes? Explain.

No. If each plant has a different color of kernel, then the genome of each plant must at least have a unique
allele at one gene locus. The different alleles at that one locus, which result in different kernel color, prevent the
genotypes from being identical.

(b) Youcross ayellow-kernd plant with ablue-kernd plant. One color phenotypeisrecessive to the other.
Fromthemating, you get thefollowing number of offspring:

237yelow-kernd plants
252blue-kernd plants

(i) Why do these results indicate that oneof your parental strainsis not homozygousfor the color gene?
For a Mendelian trait (i.e. — has phenotypes that are dominant and recessive), a cross between two
organisms with different, but true-breeding traits, should result in an F1 generation that is heterozygous
for the gene that encodes for color. Because the trait shows dominance and recessiveness, the
heterozygotes should all have the dominant phenotype. In this case, crossing two corn plants with
different phenotypes for the same trait resulted in the F'I generation showing both parental phenotypes
(i.e. — blue kernel x yellow kernel !  blue kernel and yellow kernel plants). This would suggest that one
of the parental strains is not true-breeding or homozygous for the allele that produces the phenotype of
interest.

(i) It turnsouttha yellow-colored kernds are dominant to blue-colored kernds. What should bethe
genotypeof theparental and F1 plants for the cross described above(where K istheallele for yellow
andK® istheallelefor blug)?

K'K? KPK?
yellow parent blue parent

Yy B BB
yellow F1 KK blueF1 K°K




Question 2 continued

(c) Next you cross atrue-breeding red-kernd plant with atrue-breeding yellow-kernd plant. Youget the
following offspring:

150yellow-kernd plants
289orangekernd plants
136red-kernd plants

Are red-colored kernds dominant to yellow-colored kernd s? Explain your reasoning.

No, the red-colored kernel phenotyp is not dominant. The two phenotypes (red- and yellow-colored kernels) are
co-dominant with each other. If one of the phenotypes was dominant to the other, the F1 generation would have
a 3:1 ratio of dominant : recessive. Instead, there is a 1:2:1 ratio, with the largest phenotypic group (orange-
colored kernels) having a phenotype that is intermediary of the two parental phenotypes.

(d) Based ontheinformation above if you crossed ared-kernd plant to a blue-kernd plant, what color kernds
would you expect to findin the offspring and in what ratio?

Yellow is dominant to blue and red is co-dominant to yellow. Therefore, it would be most likely that red is
dominant to blue as well. Assuming that the two parental strains are true-breeding, you would expect to get an
FI generation that are all heterozygous for the kernel-color allele and 100% of the plants would have red-
colored kernels.

(e) You next cross your true-breeding yellow-kernel plant with alightyellow-kernd plant youfoundin a
randomcorn field. Y ou get thefollowing offspringin the F1 generation:

F1 87 yellow-kernd plants
80 light yellow-kernd plants

Y ou then cross two of thelight-yellow offspring and get thefollowing offspringin the F2 generation:
F2 49yellow-kernd plants
110lightyellow-kernd plants

(i) Using K* to describethemystery allele, write out the genotypes for the F2 generation of offspring

YyY Y X
yellow-kernd plants KK lightyellow-kernd plants KK

(ii) Provide an explanaion the phenotypic ratios of the offspring in the second generation.
1t is clear from the first cross that one of the plants is not true-breeding (see the answer to part (bi) for an
explanation). The question told us the yellow-kernel plant is true-breeding, so the non-true-breeding plant must
be the light-yellow plant. At this point, we do not know which phenotype is dominant, but we do know that the
light-yellow F1 plants must be the heterozygotes. The cross between two light-yellow plants results in an F2
generation showing at least two different phenotypes. If the trait followed Mendelian genetics, we would expect
the F2 generation (the result of a cross between two F1 heterozygotes) to have a phenotypic 3:1 ratio of
dominant : recessive, but that is not the result. Instead, you get a 1:2 ratio of yellow:light-yellow. This result
can be explained by a co-dominance between the phenotype produced by the K' allele and the phenotype
produced by the K* allele. In addition, the homozygous K* genotype, must be lethal, which is why we do not see
a class of F2 plants that represents this genotype. It would also explain why the original parental plant from the
corn field was heterozygous for K”. So, the working backwards, the genotypes and phenotypes of the cross are:

3



Question 2 continued

P K'K” (vellow kernel) x K'K* (light-yellow kernel)

F1  K'K" (vellow kernel) and K'K* (light-yellow kernel)
1 : 1

K'K* (light-yellow kernel) x K'K* (light-yellow kernel)

!

K'K” (vellow kernel) K'K* (light-yellow kernel) K*K* (dead)
1 2 : 1

Y our lab wants to create a true-breeding variation of corn that has yellow kernds and striped husks. The husk
phenotypeis controlled by onegene Y ou cross atrue-breeding yellow-kernd plant with green huksto atrue
breeding red-kernd plant with striped husks. The green hus is dominant to the striped hus.

(f) Wha is the phenotypeof the F1 plants?
All of the F'I plants should have orange-colored kernels and green husks.

(9) Youthen crosstwo F1 plantsto each other to create atrue-breeding yellow-kernd, striped-husk plant. What
are the genotypes of the possible gametes of the F1 plants? Labd which gametes represent parental genotypes
and which are recombinant genotypes.

Parental 1: K'H Parental 2: K™k
Recombinant1: K'h Recombinant 2: K*H

(h) Theresults from the cross abovedo not give the expected 9:3:3:1 ratio. What does a 9:3:3:1 ratio indicate?
A 9:3:3:1 ratio would indicate that the genes for the two phenotypes are unlinked.

(i) Youwant to determinethe Recombinaion Frequency, so you cross oneof your heterozygousF1 plants from
pat (g) with atest strain. Test strainsare homozygousfor thealleles tha give therecessive phenotype Circle
the genotype of thetest strain that you should use (H represent the allele tha encodes for green husksand h
represents the allele tha encodes for striped huks):
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(j) Fromyour crossin pat (j), you get 200 plants and determine tha the Recombination Frequency is 15%.
How many of each recombinant class should you have? Show your work.

Recombination Frequency is determined by the following equation:



# of recombinant class 1 + # of recombinant class 2

total number of off-spring *100 =RF.

In this case we know:
# of recombinant class 1 + # of recombinant class 2 * 100 =15

200

Because the number of each recombinant class is always almost identical, you can solve writing

2(# of each recombinant class) * 100 =15
200

# of each recombinant class = 15

3. Recombinant DNA
(a) A plasmid is made of (circle oneanswer):
Proteins RNA Carbohydiates Lipids

(b) Youhave thefollowing plasmids Indicate if bacteria trandormed with each plasmid would grow onan LB
+ ampicillin plate. If you do notthink thetrandormed bacteria will grow, explain what should be changed and
why.

Growth? No

Explanaion: This plasmid does not have a gene that encodes for
amplicillin resistance. The TetR gene encodes for tetracycline
resistance. Therefore, if plated on LB + amp plates, these bacteria
would not be resistance against the ampicillin.

ori

Growth? Yes

Explanaion: The plasmid contains both a bacterial (E. coli) origin
and a gene that encodes for ampicilln resistance.

ori




Growth? No

Explanaion: This plasmid does not have a bacterial origin of

replication. The plasmid might be able to get inside the bacteria,

but the plasmid will not be replicated when the bacteria divide.

The daughter cells will not receive copies of the ampR gene and
AMPR they will die on the LB + amp plates.

Growth? No

ori

Explanaion: This plasmid contains a eukaryotic, yeast origin

>_
/ instead of a bacterial origin. As discussed in lecture, origin

sequences are not conserved. Thus, the bacterial DNA replication
machinery would not recognize the yeast origin and the plasmid
AMPR would not be passed onto daughter cells.

Question 3 continued
(c) EcoRI isarestriction endonudease that cuts (hydrolyzes) DNA at thefollowing sequence:

5GGAATTC-30
3GCTTAAG-50

Explain why EcoRI can not cut the sequence bdow as well as the sequence above

50GATATC-30
3GCTATAG-50

EcoRl is an enzyme and like all enzymes, it is very specific for its substrate. EcoRI recognizes the nucleotides in
a particular sequence, the top example. After recognizing the DNA sequence, the enzyme cleaves the DNA. The
nucleotides in the bottom example are in a different sequence and because of the specificity of the enzyme, this
sequence would not be recognized.

(d) Youwant to create a plasmid tha will allow the bacteria you trangorm with the plasmid to glow green when
unde aUV light source. To dothis, you plan to insert agenetha encodes the green fluorescent protein (GFP)
into a plasmid. Using restriction endonudeases, you insert the coding sequence of GFP into the plasmid. Below
isyour resulting plasmid:

GFP
coding seq.




Youisolate bacterial colonies tha are ampicillin-resistant. When you look at these colonies usng a fluorescent

microscope nothing glows! Wha other DNA sequence do you need to indudeon your plasmid to get
expression of GFP?

You need to include a bacterial promoter so that the GF'P gene is expressed.



