The gene for the ABO blood group has three alleles, I, I® and 1°.

(d) A person with blood group O has parents who hawve blood groups A and B.
Complete the genetic diagram to show how this is possible.

Use the symbols, I, I and I°, for the blood group alleles.

parerntal phenotypes blood group A > blood group B
parental gernolypes e 3 ediiieeiceaa
gamefes 0 el et e
offspring genotype L iieiieeiaaas

offspring phenotype blood group O

[31

(e) Use your answer to (d) to give examples of the following. The first one has been
completed for you.

term example

a dominant allele b

heterozygous genotype

codominant alleles

phenotype

[31

Fig. 11.1 shows a white sweet pea flovwwer and a red sweet pea flower.

white red
Fig. 11.7

These colours in sweet pea are controlled by a single gene with two alleles.

(a) Define the term aflefe.
1

(b) A homozygous sweet pea with white flowers was crossed with a homozygous sweet pea with
red flowers. All of the offsprimg had red flowers.

State which allele of this gene is dominant.

_______________________________________________________________________________________________________________________________________________ i
(c) Two heterozygous sweet pea plants with red flowers were crossed as shown below.
parental phenofype red flowers red flowers
parental genotype Rr Rr
gametes R r [~ r
(i) Draw a Punnet square to show the genotypes that are produced in this cross.
[Z]
[0 State the phenotypic ratio produced in this cross.
______________________________________________________________________________________________________________________________________ 11

[Total: 5]
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()

LE) ]

)y

=)

(cd)

Describe the effect sickle o=l anaasmia has on red blood cells._

=]

iy The allele for normal hasmoglobin production is 1™ The allele for sicklas cell
hacemoglobin production  is IS Trwwo parents who arse heterozygous hawvwe a childo
WWith the help of a genetic diagram, predict the probability that this child vwould be
haetero=zygQous._

<1

Explain why., under some circumstances., people who are heterozygous for this
condition hawve a greater chance of survival thanmn homozygous paecoplae.

=1
[Total: 9]

Four definitions of terrms used in genatics are shown imn Table S.1 .

T able S_1

adeFimiticor s T TS

the outward appearance of @an orgsmisees | Lol _.___

a length of DMNA that codes for a proteim | oo i

hawing one set of chromosomes | oo

twpe of nuclear division wwhich gives
daughter nuclei that are genetically identical | oo .. . . _._____

For each of the definitions. select an appropriate term from the list and werite it imn the
oo rronriclecd |

SRRSO SO e genotrpe mitosis
i loid e loic rmuatatior

dormirnant hetero=ygous Phenotwpe
gene oMo ETrgou s recessive

=11
o couple who hawve blood groups &S and B hawe four children. Each child has a different
Blood aroue.
Use the space below to draw a gencetic diagramnm o Show how this is possible. Use the
swmbols. 1™ | 1 and 1T, for the alleles.
parental blood groups - B =
parental Qenotypes P

garmete genotypes

children's genotypes

Shildren’s blood groups

Explain what is meant by codomiinance. YWou may refer to the genetic diagram in (b)) to
help you with your answer.

[3]

Insulin produced by genetically anginesred bacteria first became awvailabDle in 19382,
Before 1982, insulin had been prepared from dead animal tissues.

Explain the adwantages of using insulim produced by genetically engineered bacteria
rather than insulin from dead animal tissues.

3]




(=)

Deaefine the termm saeff-polflinaticn.

cross 2 parental phenotypes pink flowers =

Snapdragon plants hawve flowears with three colours: red, pink and white._
Some students investigated the inheritance of flower colour in snapdragons.

Im cross 1 they cross-pollilnated plants that were homozygous for red flowers with plants
that were homozygous for white flowers., They collected and planted

the seeds from
cross 1. All of the resulting plants had pink floweaers.

Im cross 2 they self-pollinated all the pink-floweaered plants and found that in the next
generation there were red-flowered plants, white-flowered plants and pink-flowered plants.

(b)) Complete the genstic diagrams to show how flower colour is imherited in snapdragon
plants.

Use the symbol IT for the allele for red flowers and I for the allele for white flowers.

cross | parental phenotypes red flowers < white flowers

parerltal gEI—IDt}FP'E!S

— D D

offspring
genotypas

offspring
phenotypes

parental genotypes

gametes

offspring
genobypes

ratio of offsprimg
Prhenotypes

(=) Ancoiher student cross-pollinated pink-flowesered plants with white-flowsasred plants.
Complete the genetic diagram to show the results that the student would expect.

phenotypes Fink flowers EES wwhiite flowwers

genotypes Lo = iaeeaaaa

gamaebte s

offspring
genotypes

ratio of offsprimg
Prhaenotypas

(d) Explain the advantages of sexual reproduction to a species of floweaering plant, such as
the snapdragon.

[Total: 13]



L3 Hasemoglobin is a protein that is made inside dewveloping red blood cells in the bone
Marroww.

(a)

(i) State the function of haemoglobin.

[1]

(ii) MName the small molecules that are combined to make haesmoglobin.

[1]

(iii) MMame the mineral ion provided in the diet that is needaed to make haemoglobin.

[11]

There are many different wvarieties of haemoglobin. The gene for haemoglobin exists as two
alleles, Hb™ and HbS.

People with the genotype Hb*HbB® hawve a condition called sickle cell anasmia.

(b)

(<)

()

(=)

Describe the features of sickle cell anaemia.

[31]

The allele for Hb® is rare in many parts of the world, but it is more common in parts of
tropical Africa.

Explain why Hb® is more common in parts of tropical Africa.

[31]

The parents of people with sickle cell anaemia rarely hawve this condition.

Explain, using a genaetic diagram, how two parents who do not hawve sickle cell anaaemia
may hawve a child with the condition.

parental genotypes e e e

garmetes et eeieeeceiaan -+ e ieeieie e

genotype of child wiitf i
sickie cefl anaermia

[31

Sickle cell anaemia is an example of wvariation in humans. There are many causes of
wariation, including nuclear fall-out.

Suggest how nuclear fall-out could causs wvariation in humans.

2]

[Total: 14]



7. The gene for hasmoglobin exists im bwo alternative forms:

T codes for the mnormmal form of hasemoglobin;
H= codes for the abnornmal form of hasmoglobin.

i) State the mame for the altermative forms of a gene.

PR (N |

(ii) A child has sickle cell anasmia. The parents do not hawe this disorder.
Complete the genetic diagram to show how the child imherited the disorder.
Use the symbols H™ and HS in yvyvour answaer.

pprarerrtal phhaermrotynes mormmal B morrmeal

parerttal gernrotype s H=HS > H>*H=

e COHCD - O

ocfilal s genotyee e iaaeaan

ohrilal s pirenotyope sickle cell anasmia
=1

{iiiy The parents are about o hawve another child.

What is the probability that this child wwill hawve sickle cell anasmia™?

[11

(o) The maps im Fig. 4.2 show the distribution of sickle cell anaemia and malaria in some
parts of the vworld.

distributicor
of malaria

Indonesia amnd
- the Philippines
G2
=S
ey T m
|:I malaria —— morthern
Aaustralia

e

distributicor
of sickle cell
anaarmia

="

g sickle call

amnaermia

Fig. 4.2

i) Explain why sickle cell amnasmia is common in people who live in areas whers
malaria ococurs.

— [=%]

(if)y Suggest why sickle cell anasmia is wvery rare among people who live in Indonesia
and northerm Auastralia.

- =]
[Total: 1.4]




Haemoglobin is a large protein molecule. The structure of each haemoglobin molecule is
controlled by a gene that has two allelas:

- Hb™ codes for the normal form of haemoglobin,
- Hb® codes for an abnormal form of haemoglobin.

Red blood cells containing only the abnormal formm of hasmoglobin become a stiff, sickle
shape in conditions of low oxygen concentration. This gives rise to sickle cell anaamia.

(a) Describe the harmful effects on the body of hawving red blood cells which become
sickle-shaped.

B L L L e L L L L T T T e B P T P T P T P
RIS B E A P ARSI
B B

[s]

FPeople who are heterozygous for the gene for haemoglobin produce both the nmormmal and
abnormmal forms of haemoglobin. These people show no sympitoms or hawve wvery mild
symptoms known as sickle cell trait.

(B) (i) Complete the genetic diagram to show how a couple who are both heterozygous
may hawve a child with sickle cell anaemia.

parerital phenotypes sickle cell trait et sickle cell trait

parerital genotypes il b e eiieaaiaanaa

gametes - - - -

I fspring genolypes . e e e

TS Prirng PFIeOEWINSS i e cecciaee e eeeece e eaceeeaaeoaan

(if) Vvhat is the chance of a child born to this couple hawving sickle cell anasamia?

[11

In some parts of the world, up to 25% of the population hawve sickle cell trait.
(c) State the adwvantage of hawving sickle cell trait.

[11]

(d) Discuss whether sickle cell trait is an example of codominanocsa.

[2]

[Total: 12]



10.

One of the genes that controls the ability of blood to clot is found onlby on the X

chromosome.

*" represents an X chromosome with the dominant allele for normal blood clotting.

*" represents an X chromosome with the recessive allele which causes the blood to
clot slowly.

The % chromosome is small and does not have the gene for blood clotting .

Here is a list of four genotypes._

M plahh o bkl ' bk

Choose the genotype from the list that matches each of the following:

gives a phaenotype of long clotting time;

is heterozygous:;

T P P T P P P e

is homozygous. [3]

0 0 D 0 0

() Hasmophilia is a rare genetic condition in which the blood clots very slowly.

I the USA, haemophilia affects 1 in S000 male births each year. In some cases these
births occur in families where the condition has not occurrad before.

Explain how boys can hawe haemophilia when the condition has not previously existed
in their family.

[=]

[Total: 13]

In tulip plants. the petals can have markings called flecks.
There are two alleles for flecks in tulip plants: with flecks F; and without flecks f.

(a) Explain the meaning of the term dormuinant allele.

(b) A tulip grovwer crosses two tulip plants.

He finds that 76 of the offspring have petals with flecks and 23 of the offspring have petals
without flecks.

(i)

(i)

Complete the genetic diagram to explain this result.
parerital genotypes
parerital phenotypes

gametes

offsSpring QernotyDes i ciiaicicaianat e ia e eaenaeaeaaan

offspring phenotypes petals with flecks present petals without flecks
[51

The tulip grower wvwants to produce a pure-breeding wvariety of tulips with petals without
flecks.

State the genotypes of the parent plants he should use to produce tulip plants without
flecks. Explain your answer.

parerital genotypes ... .. . ... M il

L= = T



> vellow

flower

crimson flower orange-red flower

=)

(=)

Fig- 4.1
A student crossed some crimson-flowered plants with some yellow-flowered plants
{(cross 1). She collected the seeds and grew them. All of the plants that grew from
these seeds had orange-red flowers.
Complete the genetic diagram to explain the result of cross 1.

pParental phernotypes crimson flowers > yellow flowers

pParerntal genotypes ASAS >< AAY

garmetes —+

oOffsSpring gernotype e

offspring phernotype e
=1

The student then carried out three further crosses as showmn in Tabble 410

Table =4_1

Cross genotypes of offsSsprimng

offsprimg of cross 1 = offsprimg of cross

offsprimg of cross 1 = crimson-flowsared plant

offsprimng of cross 1 = wyellow-flowvwered plant

(=D

Complete Table 4 1 by writimg the genotywpes of the offsprimng of crosses 2. 3 anmnd 44,
using the same syimibols as in the genetic diagram im (al.

Wwrite the genotypes im Tablse <410

oL many use the space beloww for amy wweorkimg.

=1

Flower colowr imn Ad jafaosa is mot an example of the inhaeritanocs of domimnant amnd
recessive alleles.

Explain how the results of thhe crosses show that th e For flo colowur are mot
dormimant or recessiwe.

=]

Flowrers from A jafapas were cross—-pollimated .

() Explain the difference between self-pollination and cross-pollination.

(=)

[=1

Some species of plants are self-pollimated .

Discuss the long-term effects of self-pollilnation on the ewvolution of these plants.

[<#]

[Total: 15]



