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Fabry Disease (FD) is a very rare X-linked recessive neurological disorder. The gene is
fully penetrant. The family illustrated in the pedigree below comes from a population
where the frequency of males affected with FD is known to be1 in 25./Individuals
affected with FD are shaded. The next 3 questions refer to this information.

0O X

A

N
\

19. What is the probability that the first child of 111-2 and 11I-3 will be affected with FD?

Ay A
1/8 bl oL
b) 1/16 Gh—p—22
c) 1/9
d) 1/36 »

e) none of the above

20. What is the approximate probability that the third child of 11-5 and I1-6 will be affected
with Fabry Disease?

a) 1/25 z
b) 1/100

c) 1/1000

d) 1/2500

e))none of the above

21. The level of X-linked gene expression in the skin cells of 1I-3 will be twice as high as
the level of X-linked gene expression in the skin cells of I1-4.

a) Above statement is true @)Above statement is false \/
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22. Genes A and B are tightly linked on chromosome 12. A student claims that the
dihybrid, Ab/aB, will produce the gametes: AB, aB, Ab and ab in a 1:1:1:1 ratio. Is the

student correct? i & T aRees
\ % 0\ T 2

| Lo S SR B
a) The student is correct , /' ° 2 bs'The student is incorrect ‘/ A T ‘\/ 8
B A P J \ - ) 2 G ao
U /

23. In turkeys feather colour is controlled by an autosomal gene. White feather colour is
recessive to bronze. Heterozygous parents are crossed and seven offspring are
produced. What is the probability that 2 will be white and 5 will be bronze?

2~ o8 o\ o pt

a) less than 10% i Shike Do * B

b) between 10% and 20% ‘

c) between 20% and 30% % pe | B
between 30% and 40% o B9 2Y )

e) greater than 40%

A peony breeder has plants that produce cream, pink and red coloured flowers. She
makes a number of crosses and produces the following table:

Eein s F1
ol pink
112 pin an 112 cream

pink X pink 1/4 cream : 2 pink : 1/4 red
1/2 pink and 1/2 red ‘

pink X red

24. What statements are consistent with the results shown in the table?

“a) Plants with cream-coloured flowers do not breed true. R T o
— b) Two alleles of one gene control flower colour../ cel S

\s)\The red allele is completely dominant to the cream allele.

\SQ Plants with pink flowers must be heterozygous for two flower colour genes.
\eQThree alleles (pink, cream and red) of one gene control flower colour

25. A student claims that all males with male-pattern baldness have inherited the male-
pattern baldness allele from their mothers. Is the student correct?

;’\%‘The student is correct The student is incorrect
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26. A litter of kittens is found at a shelter. The litter consists of one orange female, one
orange male, one black male and one tortoiseshell kitten. A student predicts that the
parents are likely a tortoiseshell female and a black male. Is the student correct?

_ N 8= s RXTX
a) The student is correct (b)/The student is incorrect ¥ AN

27. Read over the following statements. ' s ®

N

( I.:)At the beginning of meiosis I, each chromosome consists of two identical sister

“chromatids.
. Individuals affected with rare autosomal dominant diseases always have two affected
parents. T O
N, Chromatids joined together by a centromere are called a homologous pair.
IV. Polar bodies lack chromosomes.
V. More than 40% of the human genome is composed of transposable elements.

Of the above statements only one is true/correct. Indicate the correct statement.

= e
@Statement |l is correct i
Statement Il is correct = ‘.
c) Statement Ill is correct ek
d) Statement IV is correct &

IStatement V is correct

In dogs, three alleles (A, a, a') of one gene give the following phenotypes:

A- =dark coats
ataora'a’ = dark coats with tan points
aa = yellow coats

28. What are the genotypes of the parents if a litter of puppies contains all three

phenotypes? o o0

Aa'and Aa
b) Aa'and a'a
(c)Aa and a‘a
) Aa' and a'a’
\e)\ more than one of the above is possible
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29. A man has an unusual karyotype. His karyotype shows that he has lost both of the p
arms of chromosome 21 and the q arms of 21 have fused to form one chromosome.
The viable offspring produced by this man would be expected to

have Down Syndrome.
c¢) have Patau Syndrome.
d) be phenotypically normal.
\&))more than one of the above

6r;lb:how monosomy for chromosome 21.

Bent tails and tabby coats are two rare dominant sex-linked traits in the mouse. The
allele which produces bent tails is Bn, and the allele which produces tabby coats is T.
Imagine these genes are 24 map units apart on the X chromosome. Examine the
pedigree below.

Note: mice with tabby coats are indicated by solid symbols. Mice with bent tails are
indicated by the word “bent” under the symbol.

The next three questions refer to this information.

30. What is the probability that II-1 will produce
Bn T gametes?

(@)12%
b) 6%
c) 24%
d) 38%
e) none of the above

31. What is the probability that the first offspring of
11-1 and II-2 will have a normal tail and a tabby coat?

a) 12%

b) 24%
38%
76%

%one of the above
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32. Imagine II-1 and 11-2 have produced a male offspring with a bent tail. What is the
probability this offspring will also have a tabby coat?

a) 76%
b) 38%
24%
d) 12%
e) none of the above

33. A plant heterozygous for a pericentric inversion is examined. A student claims this
plant will produce gametes that contain broken dicentric chromosomes and acentric
chromosomal fragments. Is the student correct?

= }Q/The student is correct @The student is incorrect

34. In rabbits, solid coloured coats (S-) are dominant to white-spotted coats (ss) and
short hair (L-) is dominant to long hair (/). Imagine that gene L and S are 20 map units
apart on chromosome 5. True-breeding long-haired, solid coloured rabbits are crossed
to true-breeding short-haired, white-spotted rabbits. The F1 offspring are inter-crossed.
What percentage of the F2 offspring will be dihybrids with alleles in the frans
configuration?

a) greater than 40%
b) between 30% and 40%
¢) between 20% and 30%

d) between 10% and 20%
e) less than 10%

In the Asian Steppe, a grass, A. flavipes (2N=28), was pollinated by A. elegans (2N=32)
to produce many hybrid plants. Most of the hybrids were infertile except for a few plants
which were very robust with large leaves, stems and seeds. Breeders decided that the
fertile hybrids were polyploids and gave them the name A. perplexa. The next three
questions refer to this information.

35. How many bivalents would be observed in A. perplexa cells during Prophase 1?
a) 60

120
0
14

e) none of the above

Fall 2013 Midterm Version 1 Page 12 of 13





image12.jpg
36. A student claims that A. perplexa is an allotetraploid. Is the student correct?

>@The student is correct b) The student is incorrect

37. In the laboratory, A. perplexa plants were back-crossed to A. elegans, to produce an
infertile hybrid. How many chromosomes would be found in the somatic cells of the
infertile hybrid?

a) 76

b) 44

c) 34
(d)46

e) none of the above

38. Robertsonian translocation carriers

a) can produce children with Down Syndrome or Patau Syndrome who always have 47
chromosomes.

b) are phenotypically normal with 46 chromosomes.

¢) can produce offspring, who like themselves, have Down or Patau Syndrome.

@)))wave 45 chromosomes.

e) None of the above

39. A phenotypically normal female (with no family history of haemophilia) and a man
with haemophilia have a child with Klinefelter Syndrome who is X"X"Y. Which of the
following statements describes the meiotic event/s that gave rise to this child?

a) A meiosis | nondisjunction occurred in the female parent.
b) A meiosis Il nondisjunction occurred in the female parent.
A meiosis | nondisjunction occurred in the male parent.
d) A meiosis Il nondisjunction occurred in the male parent.

e) None of the above

40. A variety of limes called “Samoa” is a sterile autotriploid with 3N=45. What could be
observed in cells undergoing meiosis 1?

@ 10 trivalents, 5 bivalents and 5 univalents
b) 4 trivalents, 10 bivalents, and 13 univalents
c) 45 bivalents
d) 1 trivalents, 15 bivalents, and 12 univalents
e) more than one of the above

Fall 2013 Midterm Version 1 Page 13 of 13

)

)





image1.jpg
Wire coats in dogs are controlled by a single gene, W. Dogs with at least one dominant
allele, W, have wire coats. Homozygous recessive, ww, dogs have smooth coats.
Another gene, S, controls the presence of white in the coat. Dogs that are S- have solid
dark coats. Dogs that are ss dogs have white coats. A third gene controls ear shape.
Dogs with at least one dominant allele, F, have upright ears. Dogs that are homozygous
recessive, ff, have folded ears. All three genes are autosomal and independently
assorting. Trihybrid females are crossed to trihybrid males. The next two questions refer
to this information.

1. What is the probability that the first offspring of the above cross will be Ww FF ss?

a) 2/27 Wufl Ss x Wwiids J it fagrt
N T 2 & st G
Lyl=2 et \
(d)1/32 A 1 i Fs
e>none Of the above P% . % ¢ L(\ (FF>, ¢ \J’\J r<;~j}5‘ N «// FE 29
SExPa :“[gg § 1 w | ww 5 e s s

2. The above cross produced an offspring with a solid dark coat. What is the probability
that this offspring is W w F F Ss?

a) 4/27

b) 1/9

c)) 112

d) 1/16

e) none of the above

Ostriches are 2N=80. Use this information to answer the next four questions.

3. How many bivalents and chromatids are present in Prophase Il of meiosis in ostrich
cells? o

‘Jk‘ \
()40 and 160 respectively \ {
40 and 80 respectively ”:\ N Silig0
0 and 40 respectively S

0 and 80 respectively
e) none of the above

4. Immediately after S phase of the cell cycle, there would be 80 chromosomes in
ostrich skin cells.

bove statement is true b) Above statement is false
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5. In prophase | of meiosis, ostrich cells would be 4N and 4c.

@Abova statement is true b) Above statement is false

6. A female ostrich is heterozygous for the albino allele and this gene maps to
chromosome 7. A student is asked to determine the proportion of this female's gametes
that would contain a Z chromosome and a chromosome 7 with the recessive albino
allele. The student claims the answer is 50%. |s the student correct?

a) The student is correct @The student is incorrect

Horses of the Belgian Breed have a skin blister disorder caused by an autosomal
recessive allele, bg. The American Saddlebred breed of horses also has a very similar
blister disorder caused by an autosomal recessive allele, ba. Alleles bg and ba could
be alleles of the same gene or they could be alleles of two different genes. To answer
this question, Belgian horses homozygous for the bg allele were crossed to Saddlebred
horses homozygous for the ba allele. A student predicts possible outcomes for this

cross and comes up with the following: Lo x oo
Possible F1 F2
Outcome
a) (22 All show blistering I All show blistering
b) All are normal | 9 normal : 7 show blistering
c) 1 All show blistering 3 normal : 1 shows blistering
d) All normal T All normal
e) All normal 1 severe blistering: 2 mild blistering:
1 normal

Use the above information to answer the following 2 questions.
7. Which of the above possible outcomes (a, b, ¢, d, or ) would best convince you that

bg and ba are alleles of the same gene? 5 /

8. Which of the above possible outcomes (a, b c, d, e) would best convince you that bg
and ba are alleles of two different genes?
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Congenital Analgesia

Congenital Analgesia or Congenital Insensitivity to Pain (CIP) is a very rare single gene
disorder. The gene responsible for this disorder, SCN9A, maps to chromosome 2 and
encodes the alpha subunit of a voltage gated sodium channel protein. Individuals with
this disorder are normal except that they do not experience pain. As a result they have
many bruises, cuts, burns and fractures. The pedigree below represents a hypothetical
family affected with CIP. Shaded individuals are affected. The next six questions refer to
this information.

9. Only neurons transcribe the SCN9A gene and produce the alpha subunit. Which of
the following statements is true?

_ a) Neurons would have a promoter region for the SCN9A gene and all other cells would
lack the promoter region for the SCN9A gene.
h)‘OnIy neurons transcribe the SCN9A gene because only neurons have the SCN9A
gene.
c) Neurons transcribe the SCN9A gene because this gene is highly methylated in
neurons.

- d) SCN9A gene expression is activated in neurons because only neurons are arrested
in G, of the cell cycle.
None of the above is true
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10. Individual V-2 marries individual IV-9. What is the probability that their first child will i
be affected with CIP? )

a) less than 1.5%

b) between 1.5% and 2.0%

c) between 2.0% and 2.5%
between 2.5% and 3.0%

e) greater than 3.0%

11. What is the probability that individual V-7 is heterozygous for the CIP allele?

a) less than 10%

b) between 10% and 20%
c¢) between 20% and 30%
d) between 30% and 40%
8greater than 40%

12. Imagine the carrier frequency of CIP in the Bird Cove Region of Newfoundland is 1 SO
in 3. Two phenotypically normal individuals from Bird Cove marry. What is the %
approximate probability that their first child will be phenotypically normal? &

o Y g ST T e g 337
(%less than 5% l3>g e W IR i
between 5% and 10%
c) between 10% and 20% =
d) between 20% and 30% o S
@greater than 30% S 455
s Qs

13. The literature has described a hypomorphic allele that is common in the Bird Cove
region of Newfoundland. The allele is defined by a mutation in the protein-encoding
region of the SCN9A gene. In individuals homozygous for this allele there would be

a) reduced levels of transcription of the SCN9A gene which would result in the

_production of reduced amounts of the alpha subunit.
b) normal levels of transcription of the SCN9A gene but the alpha subunits produced

would be nonfunctional.
@normal levels of transcription of the SCN9A gene but the alpha unit produced would
u

nction poorly.
no transcription of the SCN9A gene and therefore no alpha subunits would be

roduced.
%;more than one of the above is possible
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Read over the following statements.

7=
i) There are a number of different mutant alleles of the SCN9A gene. Individuals
homozygous for the “Bird Cove” allele are partially insensitive to pain. In contrast,
patients with no pain sensitivity are often homozygous for null alleles of SCN9A gene.
ii) Symptoms similar to those seen in CIP can be seen in patients that have nerve
damage due to leprosy.
iii) Two other genetic conditions are similar to CIP. Familial Dysautonomia Il (FDII) is
controlled by a gene found on chromosome 3. Congenital Analgesia | (CAl) is controlled
by a gene that maps to chromosome 9. Individuals with CAI and FDII show impaired
sensitivity to pain.
14. The previous statements illustrate which of the following phenomena?
a) i) locus heterogeneity, i) phenocopy effect and iii) allelic heterogeneity
b) i) complementation, ii) pleiotropy and iii) variable expressivity
i) epigenetic effects, ii) phenocopy effect and iii) locus heterogeneity
@i) allelic heterogeneity, i) phenocopy effect and i) locus heterogeneity
e) none of the above
a 15. Dwarfism in cattle is caused by an autosomal dominant allele, D. Normal cattle are
dd. A researcher hypothesizes that homozygous, DD, cattle die in utero and therefore
all dwarfed cattle are heterozygous. To test his hypothesis, the researcher test-crosses
several dwarfed cattle. If the researcher's hypothesis is correct, the expected
phenotypic ratio of the offspring should be: ;
D4 x 4
a) 3 dwarfed: 1 normal X g {
b) 3 normal: 1 dwarfed STy o 3
c) 2 normal: 1 dwarfed LR e (=TS
@)1 normal: 1 dwarfed\/ go [&™ Rl s e
€) 2 dwarfed: 1 normal e
16. A woman is severely affected with a very rare form of neuropathy that is caused by
a mutation in mtDNA. A student claims that this female can produce male and female
offspring who are affected with neuropathy. Is the student correct? e Ko
\\'\"‘OU 3& i
: ks
The student is correct ‘@ The student is incorrect O
7N
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A small number of type O individuals have the Bombay blood phenotype. Individuals
with the Bombay blood phenotype always appear to have type O blood because they
are homozygous recessive for the gene, H, which is epistatic to gene /. As long as at
least one dominant H allele is present, the ABO blood type associated with the person's
ABO genotype will be expressed. Individuals who are homozygous hh have type O
blood. The pedigree below includes two individuals with the Bombay blood
phenotype. Note: Genes / and H are independently assorting.

v

Use the above information to answer the next two questions.

17. The genotype of I-2 could be
“a) PP Hh

b) I°1° hh

oV hh/

i Hh
e) None of the above

18. The genotype of 11-1 could be

@PP Hn Y/
Yy

i HH

e) None of the above
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