Level 3 Biology, 2006

90715 Describe the role of DNA in relation to
gene expression
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You are advised to spend 40 minutes answering the questions in this booklet,
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QUESTION ONE: DNA STRUCTURE, FUNCTION, AND REPLICATION

DNA is a polymer, made up of a large number of sub-units (nucleotides).

(a) The unlabelled diagram below shows the basic structure of a DNA molecule. Complete the
diagram by giving information that elearly identifies:
. the four bases and their positions (one base has been identified in the diagram)
" the number of hydrogen bonds between bases

. the anti-parallel nature of the molecule
. which end of the DNA strand new nucleotides are added to.

Simplified structure of part of a DNA molecule

(b) Explain why DNA replication is necessary,
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(¢} Discuss how DNA replicates. In your discussion, you should explain:
. how replication begins
. the roles of the main enzymes invelved
leading and lagging strands
. Okazaki fragments
. the source of materials for replication.
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QUESTION TWO: GENE EXPRESSION AND PROTEIN SYNTHESIS

Deoxyribonucleic acid (DNA) is found in almost all cells, and carries the genetic code that controls
many aspects of cellular structure and function.

(a)

(b)

Explain how the DNA molecule carries genetic information.
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The proteins that some genes code for are constantly expressed, eg those involved in cellular
respiration. Other proteins are produced only as needed, ie the expression of these genes is

controlled.
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Explain the role of enhancers in eukaryote gene expression.
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Discuss reasons for the role of inducers and repressors in prokaryote gene expression.
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QUESTION THREE: PHENOTYPE DETERMINATION

Genes are found on chromosomes, and eukaryote cells usually contain two copies of each
chromosome.

The members of a pair of chromosomes have the same sequence of genes, but the genes may come
in iti%_htly different forms.

fa) On the diagram below, show the position of alleles for an individual who is:
. homozygous dominant for gene A
»  heterozygous for gene B
. homozygous recessive for gene R.

A\ 2 -
D S ———

People affected by Duchenne muscular dystrophy (DMD) lose muscle function from an early age

and rarely survive to adulthood. The disease is caused by a mutation in a gene found on the short
arm of the human X chromosome. The dominant allele (M) results in normal muscle function, while
ilie recessive allele (m) produces the slow, irreversible muscle wasting that is characteristic of this

discase,

(b)  Give ALL the possible genotypes for the phenotypes Iist:dékm
(i} female not affected Mrper.  an—ThNC i Q\?{ﬂ

(i} female affected T }( f

Ty oy
(iii) male affected \J(H. Y =
{iv) male not affected L‘?{ \f‘

{c) (i) A female who is heterozygous for the DMD allele has children with an affected male.
Use a Punnett square tl.hshuw all possible genotypes for the offspring of this couple.

b Goresgn XX e YN
o b X X th"‘ X-F" X*‘*
SCIYWEE] geastgrer g s AN
Y XY

W m
N XYy

Biclogy 807135, 2006




‘@1’”\0-&3 CU*G’ Q%@f@
® orafboted | fres

ik s .f(:\.@_n.\ = k/MS'JF
fe (eliband & to..,

—

Q0 CLuf?'L—_—f :

Male can NOT e



7 o |
(ii) From your Punnett square, list the phenotypic and genotypic proportions for male and
for female offspring.
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(d) Explain why more males than females are affected by Duchenne muscular dystrophy.
_ Qacvenm, meockder  dusingh, > & e linlegr duens,
Tuis creams ek 2 N Fegial 0 o babde wan 'l":m«_.j:%mg__
\11& ot pe X ¢ih ﬂhﬂmum ‘h"tg.# waley ele ck o
o bDeie Y changnae. Beosue ot Me ondles wd cmag
Mode Do gee. U B 5 on froi X chvsonae M
Seple ot W e wonliwe x chBan, ped,

] Ak . Wl |
anl, o cegomun allofe . Moo pnales %:. Mm“fmg s
_dmm_i'_CBQJ__LJIf ode e buik ¢pon b e, YW

W Yo s e oo Neak feovale, o (oo bieely b
b allecled ay Ave, o low Lideet, L.bhc..n_.f’l.zmﬂéw

O lekwae 9erts  feLpaaid

Note that this question
continues on the next page.

Biology 90715, 2006

wa crdy




(o \

Many metabolic pathways are controlled bj‘ multiple E:nes An example is the metabolic pathway
that produces normal skin pigmentation. Albinism, which is the total lack of pigment, can be caused
by a mutation in any one of the genes controlling this pathway,
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(e) Discuss the fact that it is possible for two albino parents to have a child with normal skin
pigmentation,
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Extra paper for continuation of answenrs if required.
Clearly number the question.
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