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(a)

(b)

(ii)

The sweet pea plant has been used to study inheritance since the nineteenth
century. The seedsof the sweet pea can vary in colour and shape.

The gene that controls colour has two alleles:
e Y is dominant and produces yellow seeds.
e Yy isrecessive and produces green seeds.

The gene that controls shape has two alleles:
e Ris dominant and produces round seeds.
e ris recessive and produces wrinkled seeds.

In the nineteenth century, Gregor Mendel crossed a pea plant that was
heterozygous for bothseed colour and shape with a pea plant that had green and
wrinkled seeds.

List the gametes that would be produced by a sweet pea plant that was
heterozygous forboth seed colour and shape.

YR, Y, yk, yr
List the genotypes of the offspring that were produced from Mendel’'s cross and
state the corresponding phenotypes.

genotypes...... Vy&r,Vyrr,yyﬂr,y AL A
phenotypes....lJeJl.Qw...muf.\.d...,...gbllM...WﬁM%d..;.ﬂmn...(.‘.O.Mﬂ.d....

and green wrinkled

When Mendel crossed two pea plants that were heterozygous for both seed
colour andshape, the ratio of phenotypes in the offspring was:

¢ 9 yellow round

e 3 green round

e 3 yellow wrinkled

e 1 green wrinkled.

Some students tried to recreate this investigation using a modern variety of plant
that showedthe same phenotypic variation in seed colour and shape.

The students crossed two of the modern plants that were heterozygous for both
seed colourand shape. The results of this cross were:

58 yellow and round

31 green and round

21 yellow and wrinkled

2 green and wrinkled

The students used the chi-squared test to compare their data to the expected
9:3:3:1 ratio.
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Use the chi-squared formula E to calculate the A value for these
data.

You may use the table below for working out.

3 - d
o E | 0-€ |(0-€)|2=82
51 623 =S 25 0. 40
31 2] |o 100 4. 3b
21 21 0 o 0
2 T -5 25 3.5%
= B33 3]
Table 17 shows a |2 probability table.
Degrees Probability (p)
of 0.95 0.90 0.10 0.05 0.025 0.01
freedom
1 0.00 0.02 2.71 3.84 5.02 6.64
2 0.10 0.21 4.61 5.99 7.38 9.21
3 0.35 0.58 6.25 7.82 9.35 11.34
4 0.71 1.06 7.78 9.49 11.14 13.28
5 1.15 1.61 9.24 11.07 12.83 15.09
6 1.64 2.20 10.64 12.59 14.45 16.81
i 217 2.83 12.02 14.07 16.01 18.48
Table 17

(ii) After analysing the results, the students stated that the inheritance of the seed
colourand shape in their investigation was different from that in Mendel's
investigation.

Using Table 17, discuss whether the results of the investigation and the chi- 13]
squared testsupport the students’ statement.
4 expected oukcome § So df=4-1=3
Fsr e difference o be sﬁgvu'ﬁcuvdr P naeds
fo be (@S Hhan 0.0S so e X* needs
o be greader Hhon F.82.
Since  8.73 is greader Hhan 7.2 , the
W squared €St and  +he observation do
suppovt e student’s stokemend .
pis Lss than 0.05 taus Hae difference
is siguficand. T probability that e
diffevence 1S dur 4o chante 1S albou™

less than 5% and Mmore than 2.5°%. .



(c)

(iii)

(i)

A ratio that is different from the expected 9:3:3:1, in a cross such as this, can
be theresult of epistasis.

Suggest and explain one reason, other than epistasis, why the phenotype ratio
mightnot be 9:3:3:1.

foth cleles moy otcur on Hhe Same chvomosome So nL?J [3]
independent assaviment moy ocur. Hence +he olates
wowd inkevi+ togetaer in +he soma gamete unless

chiosma S formed between gens Lotk

The yellow colour in peas is the result of an enzyme that breaks down
chlorophyll, which isgreen.

The Y allele codes for the production of an enzyme that breaks down
chlorophyll.

e They allele is the result of a mutation in the Y allele.
e They allele codes for an inactive form of this enzyme.

Outline how the Y allele codes for the production of this enzyme and explain why
the y allele codes for an enzyme with a different primary structure. 61
DNA bos€ sequencet codes for omino acid [
sequence uging mENA . The base +iplet

o mRNA codes for one awminoadoal.
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(ii) With reference to the proteins coded for by the seed colour gene, explain why
the y allele is recessive.

2 y olles are required 1o prevent the funchional enzymes [1]
from being Syntuesized.
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