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1. Mendel’s law of segregation occurs in anaphase

I, when alleles segregate as homologous chro-
mosomes move to opposite poles of the cell. The
two cells formed from this division have one-
half the number of chromosomes and one copy
of each gene. Mendel’s law of independent
assortment relates to the lining up of synapsed
chromosomes at the equatorial plate in a ran-
dom fashion during metaphase I. Genes on dif-
ferent chromosomes will assort independently
into gametes.

. One allele does not “dominate” another. All al-
leles operate independently within a cell, coding
for their gene products, usually enzymes, as
specified by their particular sequence of DNA
nucleotides. If both alleles code for functional
enzymes or products, then the alleles may be
codominant with both traits expressed in the
heterozygote, as illustrated by MN or AB blood
types. If the recessive allele codes for a nonfunc-
tional enzyme, then the resulting recessive trait
may be obvious only when homozygous (such
as O blood type in which there are no carbohy-
drate molecules on the cell membrane). If one
copy of an allele produces sufficient product that
the dominant trait is expressed, then we have
complete dominance where the heterozygote
phenotype is indistinguishable from the
homozygote dominant (for example, smooth
peas in which the enzyme converts sugar to
starch). With incomplete dominance, the het-
erozygote is distinguishable from homozygous
dominants and recessives. The functional allele
is insufficient to produce the full trait (as with
the pink color of a heterozygote in carnations).
Genotypes translate into phenotypes by way of
biochemical pathways, which are controlled by
enzymes coded for by genes. Thus molecular
processes produce physical, physiological, and
behavioral results.

Answers to Genetics Problems

1. White alleles are dominant to yellow alleles. If

yellow were dominant, then you should be able
to get white squash from a cross of two yellow
heterozygotes.

. a. 1/4 [1/2(to get AA) x 1/2 (bb)]
b. 1/8 [1/4 (aa) x 1/2 (BB)]

c. 1/2 [1(Aa)x1/2(Bb)x1(Cc)]
d. 1/32 [1/4 (aa) x 1/4 (bb) X 1/2 (cc)]

3. Since flower color shows incomplete dominance,

there will be six phenotypic classes in the F,
instead of the normal four classes found in a
9:3:3:1 ratio. You could find the answer with a
Punnett square, but multiplying the probabili-
ties of the monohybrid crosses is more efficient.
Tall red T_RR=3/4x1/4 3/16

Tall pink T_Rr=3/4x1/2 3/gor6/16

Tall white T_rr=3/4x1/4 3/16

Dwarfred #RR=1/4x1/4 1/16

Dwarf pink #Rr=1/4x1/2 1/8 or2/16

Dwarf white ttrr=1/ax1/4  1/16

. Determine the possible genotypes of the mother

and child. Then find the blood groups for the
father that could not have resulted in a child
with the indicated blood group.
a. no groups exonerated
b. AorO
¢. AorO
d. AB
~e. BorO

5. The parents are CcBb and Ccbb. Right away you

know that all cc offspring will die and no BB
black offspring are possible because one parent
is bb. Only four phenotypic classes are possible.
Determine the proportion of each type by apply-
ing the law of multiplication.

Lethal (cc--) = 1/4

Normal brown (CCBb) =14 x12=1/8=1
Normal white (CCbb) = 1/4x12=1/8=1
Deformed brown (CcBb) =12x12=1/4 =2
Deformed white (Ccbb) =12x12=1/4=2

Ratio of viable offspring: 1:1:2:2 or 1/6 normal
brown: 1/6 normal white: 2/6 deformed brown:
2/6 deformed white

. Father’s genotype must be Pp since polydactyly

is dominant and he has had one normal child.
Mother’s genotype is pp. The chance of the next
child having normal digits is 1/2 or 50% because
the mother can only donate a p allele and there
is a 50% chance that the father will donate a p
allele.

. The genotypes of the puppies were 3/8 B_S_, 3/8

B_ss, 1/8 bbS_, and 1/8 bbss. Because recessive
traits show up in the offspring, both parents had
to have had at least one recessive allele for both
genes. Black chestnut occurs in a 6:2 or 3:1 ratio,
indicating a heterozygous cross. Solid:spotted
occurs in a 4:4 or 1:1 ratio, indicating a cross
between a heterozygote and a homozygous
recessive. Parental genotypes were BbSs x Bbss.
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9.

The 1:1 ratio of the first cross indicates a cross
between a heterozygote and a homozygote. The
second cross indicates that the hairless hamsters
cannot have a homozygous genotype, because
then only hairless hamsters would be produced.
Let us say that hairless hamsters are Hi and nor-
mal-haired are HH. The second cross of het-
erozygotes should yield a 1:2:1 genotype ratio.
The 1:2 ratio indicates that the homozygous-
recessive genotype may be lethal, with embryos
that are hh never developing.

a. Tail length appears to be a quantitative trait.
A general rule for the number of alleles in a
cross involving a quantitative trait is one less
than the number of phenotypic classes. Here
there are five phenotypic classes, thus four
alleles or two gene pairs. In this cross, the
phenotypic ratio is approximately 1:4:6:4:1.
The sum of 16 also indicates a dihybrid cross.
Each dominant gene appears to add 5 cm in
tail length. The 15-cm pigs are double reces-
sives; the 35-cm pigs are double dominants.

b. A cross of a 15-cm and a 30-cm pig would be
equivalent to aabb x AABb. Offspring would
have either one or two dominant alleles and
would have tail lengths of 20 or 25 cm.

a. The black parent would be CC. The
Himalayan parent could be either C"C" or C*c.
First list the alleles in order of dominance: C,
C*, C*, c. To approach this problem you
should write down as much of the genotype
as you can be sure about for each phenotype
involved. The parents were black (C_) and
Himalayan (C"_). The offspring genotyfes
would be black (C_) and Chinchilla (C**_).
Right away you can tell that the black parent
must have been CC” because half of the off-
spring are Chinchilla; C** is dominant over C"
and ¢ and could not have been present in the
Himalayan parent. The 'enotyEe of this par-
ent could be either C"C" or C"c. A testcross
would be necessary to determine this geno-

type.

b. You cannot definitely determine the genotype
of the parents in the second cross. You can,
however, eliminate some genotypes. The
black parent could not be CC or CC*# because
both the C and C™ alleles are dominant to C",
and Himalayan offspring were produced. The
Chinchilla parent could not be C**C for the
same reason. One or both parents had to have
C" as their second allele; one, but not both,
might have ¢ as their second allele.

11.

12

13.

14.

golden (any B combination with at least 1 E),
B_ee = black, bbee = brown. All you know of
first parents at startis __E_x _ _E_. Since you
see black and brown offspring, you know that
both had to be heterozygous for Ee, and at
least one was heterozygous for Bb (to get a
black dog). Since black and brown are in a 1:1
ratio (like a testcross ratio), then one dog was
Bb and the other was bb. You need to consider
the results from the second cross to know
which dog was Bb.

b. For the second cross, you now know that Dog
2 is ?bEe and Dog 3 is ??ee. A ratio of approxi-
mately 3:1 black to brown looks like a cross of
heterozygotes, so both parents must be Bb. So
Dog 3 is Bbee, and Dog 2 must be BbEe. That
means that Dog 1 must be bbEe.

a. First figure out possible genotypes: _ _E_ =

@ @ (At least one of these
grandparents must
t have been Tt)

Tt
Gl Y

Since the parents were true-breeding for two
characters, the F; would be doubly heterozy-
gous. Since all F; had red, terminal flowers,
those two traits must be dominant and their
genotypes could be represented as RrTt One
would predict an F, phenotypic ratio of 9 red,
terminal:3 red, axial:3 white, terminal:1 white,
axial. If 100 offspring were counted, one would
expect to get 19 (3/16 x 100) plants with red, axial
flowers.

Because the F, generation is a ratio based on 16,
one can conclude that two genes are involved in
the inheritance of this flower color character. The
parent plants were probably double homozy-
gotes (AABB for red and aabb for white). The
all-red F; must be AaBb, and the red color must
require at least one dominant allele from both
genes. The 9:6:1 ratio of the F, indicates that 9
plants had at least one dominant allele for both
genes to produce the red color; 1 plant was dou-
bly homozygous recessive and thus white; and
the 6 pale purple were caused by having at least
one dominant allele of only one of the two genes
involved in flower color (A_bb or aaB_)




