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4 Maize is an important food crop that has been improved both by selective breeding and by genetic
madification.

(a) Qutline how selective breeding has been used to improve maize.
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6

years / 1996-2001, no resistant species [max 4]
(c)(ii) social

increased yield / more food / cheaper food / AW ;

environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]

[Total: 13]
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{b) Fig. 4.1 shows part of a maize cob. The cob is made up of many individual seeds called
kernels. Each kernel results from a scparate fertilisation of a male and a female gamete.
Some kemnels are yellow and some are purple.

Fig. 4.1

Marne the type of varation shown in Fig. 4.1. Suggest a genetic explanation for this patiern of
variation in colour.
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6

(c)ii)

years / 1996-2001, no resistant species [max 4]
social
increased yield / more food / cheaper food / AW ;
environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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{c}) Maiza and other crops have been genetically mdified since 1996 to produca the Bt toxdn to
kill insect pests.

Fig. 4.2 shows the area of Bt crops grown (platted polnt'sj and the number of insect past
species in which resistance o Bt has been reporied (bars).
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6

(c)ii)

years / 1996-2001, no resistant species [max 4]
social
increased yield / more food / cheaper food / AW ;
environmental

decreased insecticide use / few hazards to humans / Bt only targets
pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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i) EF;MEMHH explanation for the relatienship between the area of Bt crops
own and the number of resistant pest spocies. ’
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(i) Suggest one social advantage and one emdronmental advantage of growing this Bt
maizea. .

4(a)

4(b)

4(c)(i)

4(c)(ii)

Select
page

Your
Mark

)

Q4

MIDDLE Low

Mark scheme

1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6

years / 1996-2001, no resistant species [max 4]
(c)(ii) social

increased yield / more food / cheaper food / AW ;

environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]

[Total: 13]
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4 Maiza ks an impartant food crop that has been improved bath by selective breeding and by genetic
modification.

(a) Outline how selective breeding has been used to improve maize,
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Mark scheme

1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6
years / 1996-2001, no resistant species [max 4]

(c)ii)

social

increased yield / more food / cheaper food / AW ;

environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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(b) Fig. 4.1 shows part of 8 maize cob, The cob is made up of many individual seeds called
karnzls. Each kemel results from a separate fertilisation of a male and a female gamete.
Some kemels are yellow and some are purple.

Fig. 4.1

MName the type of variation shown in Fig. 4.7. Suggest a genetic explanation for this pattern of
variation in colour.
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6
years / 1996-2001, no resistant species [max 4]

(c)ii)

social

increased yield / more food / cheaper food / AW ;

environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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{e) Maize and other crops have been genetically modified since 1996 o produce the Bt toxin fo

kill insect pasts.

Fig. 4.2 shows the area of Bt crops grown (plofted points) and the number of insect pest

spacies in which resistance to Bt has been raporied (bars).
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6

(c)ii)

years / 1996-2001, no resistant species [max 4]
social
increased yield / more food / cheaper food / AW ;
environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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(I} Describe and suggest an explanation for the relationship between the area of Bt crops
grown and ma number of reststant peast spacias.
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)

3 figures quote ; (2 years, no. resistant pest species)

4 mutation(s) (in pest species) ;

5 chance / random / spontaneous (mutations) ;

6 pests evolve resistance / natural selection for resistant pests ;

7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6
years / 1996-2001, no resistant species [max 4]

(c)ii)

social

increased yield / more food / cheaper food / AW ;

environmental

decreased insecticide use / few hazards to humans / Bt only targets

pest

species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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4 Maize is an important food crop that has been improved both by seleciive breeding and by genclic
modification.

{a) Oulline how salective breeding has been used to Improve maize,
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(a) 1 best/ desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species
2 repeatedly / every generation ;
3 detail of cross-pollination ; e.g. ref. to male tassels and female silks
4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant
5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines
6 gives more, vigorous / uniform, plants ; A heterosis
7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;
[max 4]
(b) 1 discontinuous ;
max 2 for mp2-6
2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;
4 dominant and recessive ;
5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow
6 test cross /Aa x aa ; [max 3]
(c)(i) 1 as, Bt crops / area, increases the number of resistant, pests /
species,
increases ; A the more (the area of) Bt crops grown, the more (the)
resistant species
2 figures quote ; (2 years, area with units once)
3 figures quote ; (2 years, no. resistant pest species)
4 mutation(s) (in pest species) ;
5 chance / random / spontaneous (mutations) ;
6 pests evolve resistance / natural selection for resistant pests ;
7 AVP; e.g. plateau in resistance, 2002-2005 / 2009-2011 first 6
years / 1996-2001, no resistant species [max 4]
(c)(ii) social
increased yield / more food / cheaper food / AW ;
environmental
decreased insecticide use / few hazards to humans / Bt only targets
pest
species ; A no / less pesticide used R herbicide [2]
[Total: 13]
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(b) Fig. 4.1 shows part of-a maize cob. The cob is made up of many Individual seeds called
kernals, Each kernel results from a separate fertilisation of a male and a female gamets,
Some kernels are yellow and some are purple.

Fig. 4.1

Mame the type of variation shawn in Fig. 4.1, Suggest a ganetic explanation for this pattern of
variation in colour.
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1 best / desirable, plants crossed ; A cross-pollinated R cross with
other (maize) species

2 repeatedly / every generation ;

3 detail of cross-pollination ; e.g. ref. to male tassels and female silks

4 example of desirable characteristic ; A more kernels / big kernels /
high yield / ref. to kernel colour / fast-growing / cold-tolerant

5 hybridisation / two inbred (named) lines crossed / F1 hybrids formed ;
A description, e.g. cross two, homozygous parents / parents from
two purebred lines

6 gives more, vigorous / uniform, plants ; A heterosis

7 ref. to dwarf maize / mutant alleles for gibberellin (synthesis) ;

[max 4]

1 discontinuous ;

max 2 for mp2-6

2 one gene / single locus / monogenic, inheritance ; A monohybrid
3 two alleles ;

4 dominant and recessive ;

5 1:1 ratio purple to yellow ; A 50% purple, 50% yellow

6 test cross / Aa x aa [max 3]

(c)(i)

1 as, Bt crops / area, increases the number of resistant, pests /
species,

increases ; A the more (the area of) Bt crops grown, the more (the)

resistant species

2 figures quote ; (2 years, area with units once)
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pest
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{c) Maize and other crops have been genstically modified since 1986 o produce the Bt toxin to

kill ingect pests.

Fig. 4.2 shows the areg of Bt crope grown (platted points) and the number of insect pest
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(i) Describe and suggest an explanation for. the relationship between the arca of Bt crops
grown and the number of resistant pest species.
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