1.
(a)
(i)
gene
length of DNA;
codes for a (specific), polypeptide / protein / RNA;
max 1

allele
alternative form of a gene;
found at a, locus / particular position on, a chromosome;
max 1
 (ii)
assume allele refers to coat colour allele

(coat colour) gene / alleles, only on X chromosome;

A no (coat colour), gene / allele, on Y chromosome
male cats, XY / only have one X chromosome;
males have only one (coat colour) allele / cannot have two (coat colour) 
alleles;
need black and orange alleles for tortoiseshell colour;
2 

(b)
parental genotypes CrCr × CwCw;
gametes Cr, Cw;


F1 genotypes and phenotypes 1 mark:


F1 genotypes (all) CrCw
F1 phenotypes (all) pink;


F2 genotypes and phenotypes 1 mark:


gametes Cr, CwCr, Cw;
F2 genotypes CrCr CrCw CrCw CwCw
F2 phenotypes red pink (pink) white;


F2 ratio 1:2:1;
accept other symbols if key given.      accept r and w as symbols without key.
6 

(c)
(i)
65; 130; 65;
3

(ii)
0.138 + 0.007 + 0.061; (or other suitable working)
0.206 – 0.208;
2 marks for correct value if no working shown
ecf for both marks but calculated value must be to three decimal places
2
(iii)
support, figure lower than 5.991 / figure lower than critical value;


R ‘support’ on its own.


ecf applies if value in (ii) is incorrect
1

[16]

3.
(a)
(i)     sympatric;
1

(ii)
ranges of two species, overlap/close together/AW;
no geographical barrier;
ref to behavioural/genetic/physiological/prezygotic barrier;
correct ref to named area of map;
max 2 

(b)
ref to mate selection by size; ie large with large or small with small
ref to monogamy;
ref to intermediate sizes, at disadvantage/selected against/ora;
intermediate do not pass on alleles/ora;
suggested reason why intermediate at disadvantage/ora
max 3

 (c)
female produces a lot of eggs;
selects male, that can store lots of eggs/has a large pouch/ora;
large males fertilise many eggs/ora;
chance of more offspring surviving;


or
large female and small male produce intermediates/ora;
intermediates at disadvantage/ora;
max 2

[8]

9.
gene bank;
source of alleles;
for future (selective) breeding;
to counteract, genetic erosion/loss of genetic variation;
to counteract, inbreeding/homozygosity;
to counteract extinction;
for changed conditions;
example of changed conditions; e.g. climate/environment/disease/fashion
to preserve as yet unidentified, alleles/traits;
max 4

[4] 

10.
pigmented birds more likely to be damaged;
at all percentages;
more damage as percentage of pigmented birds increases to 23%;
more damage as percentage of white birds increases to 24%;
fall in damage of white birds at, 25%/highest percentage;
max 3

[3]

11.
(i)
for benefit of humans;
to improve, trait(s)/named trait;
to produce desirable, phenotype/genotype;
to increase number of desirable alleles;
to increase homozygosity;
AVP;
max 2 

(ii)
ref. self-pollination;
ref. inbreeding;
limited gene pool;
max 2

(iii)
ref. different numbers of chromosomes;
hybrid is 3n;
sterile;
gametes have 22 and 11 chromosomes/hybrid has 33 chromosomes;
some chromosomes unpaired;
failure of meiosis;
ref. uneven distribution of chromosomes;
ref. other barrier to interspecific cross;
max 2

[6] 

12.
stated advantage;
detail; e.g.
particular character (not whole phenotype)/can alter one trait

only (without affecting background genes)/can add allele from

different taxon with which breeding may not be possible/quicker

(than the many generations of, selective breeding/backcrossing)
2

stated disadvantage;
detail; e.g.
cannot precisely position insert (so) unknown/unanticipated

effect/may pass to other species (with unknown/undesirable,

effect)/regarded as ethically undesirable (no market/crop

destroyed by protesters)/cannot breed from GM (requires cloning)
2
[4]

13.
(i)
[image: image1.wmf];
[image: image2.wmf];
[image: image3.wmf] (tick);
[image: image4.wmf];
4 

(ii)
discontinuous; [do not allow if no reason given]
1


reason
one, gene/locus; A major/Mendelian, gene
discrete phenotypes/ora;
qualitative/large effect/little environmental effect;
max 1

[6]  

16.

max 3 from points 1 to 5


1
limited, food supply / space;
2
competition;
3
predation;
4
disease;
5
reached carrying capacity / death rate = birth rate;



marking points 1 – 5 linked to keeping population stable


6
individuals show variation;
7
variation due to, combination of alleles / mutations;
8
best adapted survive / ora; A survival of fittest idea
9
reproduce;
10
pass alleles to offspring;
11
frequency of favourable alleles will, increase / be maintained; A ora
5 max [5]

 18.
(i)
production of desired changes in phenotype of an organism;
selection of appropriate alleles / AW;
by artificial selection;
use as parents / mate, those showing desired phenotype
(to larger degree);
max 2

(ii)
measure of value of individual’s genotype (for breeding);
mate with number of proven individuals;
assess phenotypes of offspring; R genotypes
average value;
especially useful for sex-limited traits; R sex-linked
e.g. sex-limited trait;
max 4

[6] 

19.

description
D1
chosen male and female mated;
D2
ref to desired characteristic / named desired characteristic;
D3
ref to AI;
D4
advantage of using AI;
D5
offspring inspected and best mated;
D6
several / many, generations;
D7
ref to problem inbreeding;
D8
ref to way of minimising inbreeding;
D9
ref to heritability;
D10
easier to select for traits with high heritability / ora;
D11
easier to select for discontinuous variation / ora continuous variation;
D12
ref to polygenes / additive effect;
max 6 ‘describe’ D marks 



explanation
E13
selective breeding involves whole genomes;
E14
hence other traits follow selected trait(s);
E15
ref to linkage;
E16
artificial selection;
E17
selection, different from natural selection / for benefit of humans;
E18
starter population, small / not representative;

A founder principle
max 4 ‘explain’ E marks



AVP either D or E mark;

e.g.
ref to use of, IVF / surrogate, with reason


ref to loss of alleles / genetic erosion
max 8


QWC - legible text with accurate spelling, punctuation and grammar;
1

[9] 

20.
genetically isolated populations;
allopatric speciation / AW;
ref to genetic drift;
ref to, founder effect / founder population;
loss of alleles / genetic erosion / reduced gene pool / loss of genetic diversity / AW;
ref to, disease / population crash;
AVP; e.g. ref to exposure to different selection pressures
max 4

[4] 

25.
(a)
(i)
epistasis ;

dominant ;

correct ref to epistatic and hypostatic gene ;

ref to protein / enzyme / inhibitor, product of allele A ;

prevents, transcription / translation ;

inhibits, expression / gene action ;

blocks enzyme activity ;
3 max 

(ii)
small number of phenotypes ;

distinct (phenotypic) classes ;

qualitative ;

two genes / AW ;

large effect ;

different genes have different effects ;

not environmental ;

AVP ;

3 max

(b)
(i)
emasculate /remove stamens from / male sterility gene in, seed parent ;

bag flowers, before / after, pollination ;

grow in isolation ;

transfer pollen by hand ;
2 max

(ii)
increase genetic contribution of that species / ora ;

keep (alleles of) background genes of that species ;

so that only A/a exchanged / AW ;

to see effect of A/a in other species ;
2 max

(iii)
to produce, homozygous recessive / aa / AW ;

so that, wanted allele / desired trait, expressed ;
1 max

(c)
pollinators can distinguish colour ;

bees attracted to pink ; [A refs to ‘blue’ or UV re pink]

swapping alleles reduces visits by normal pollinator ;

swapping alleles attracts wrong pollinator ;

selectively bred / aa / red M lewisii, decreases bumblebee visits;

but does not attract many hummingbirds ;

selectively bred / Aa / pink M. cardinalis, attracts bumblebees;

and decreases hummingbird visits only slightly ;

ref comparative figures ;

colour important to bees ;

colour not important to hummingbirds / some other feature important to hummingbirds ;

AVP ;

4 max

[15]
26.
more transcription by QQ genotype ;

at both ages ;

in both skeletal and cardiac muscle ;


A ‘throughout’ / ‘in all cases’ for 1 mark of these 2
much more in skeletal muscle / slightly more in cardiac muscle ;

in QQ genotypes expression falls with age in both skeletal and cardiac muscle ;

in qq genotypes expression rises with age in skeletal but falls in cardiac muscle ;

use of comparative figures ;
4 max

[4]
33.
1
both result from changes in allele frequencies ;

2
selective breeding often faster than evolution / ora ;

3
both require selection of parents ;

4
to pass alleles to offspring ;

5
selective breeding involves artificial selection ;

6
v. evolution involves natural selection ;

7
man selective agent in selective breeding ;

8
v. whole environment selective agent in, natural selection / evolution ;

9
selective breeding for benefit of man ;

10
may be detrimental to organism / e.g. detriment ;

11
v. fitness for environment ;

12
single / few, trait(s) in selective breeding ;

13
v. whole, phenotype / genotype ;

14
AVP ;

15
AVP ;
8 max

QWC – legible text with accurate spelling, punctuation and grammar;
1

[9]

41.
(a)
RR RR
- low,
do not have enough vitamin K in diet / ref to figures;

RRRS

- high,
(warfarin resistant) and have enough vitamin K


/ ref to figures;

RSRS

- low,
will be killed by warfarin / ref to effects of warfarin;

If quote probabilities for survival less than 50% is low and over 50% is high
3

(b)
(i)
mutation / named mutation;

change in DNA base sequence;
max 1

(ii)
variation within population;

some individuals produce enzyme not susceptible to warfarin;

these individuals survive / selective advantage;

reproduce / breed;

pass, resistance / advantageous allele, to offspring; R gene

those without resistance die;

ref to selective pressure of warfarin;
max 5

(c)
does not directly involve humans;

environment selects individuals that will reproduce;
max 1

(d)
resistant allele / RR, will decrease and, susceptible allele / RS, will
increase;

RRRR at a disadvantage due to vitamin K requirements / RSRS at
an advantage due to warfarin being removed;

A frequencies of both alleles will stay the same;

must be linked to second statement
no longer any selective pressure / no directional selection;
max 2

[12]
43.
(i)
mutation;

chance / random / preexisting;

insecticide acts as selective, agent / pressure;

susceptibles die / resistants survive;

resistants pass, mutation / allele, to offspring; A gene
max 3

(ii)
mosquito is vector; A carrier

obligatory / AW;

part of life cycle is in mosquito;

not killed by insecticide;
max 2

[5]
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5

