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BIOLOGY — UNIT 4 · INHERITANCE — DIHYBRID,

LINKAGE, EPISTASIS & CHI-SQUARED

4.3 Inheritance — dihybrid crosses, autosomal linkage, epistasis and chi-squared

significance testing

Mendel's law of independent assortment, the 9:3:3:1 dihybrid ratio, autosomal linkage groups, epistatic interactions

(e.g. coat colour in Labradors, flower pigment in clover), and the use of the chi-squared test to decide whether

observed offspring ratios deviate significantly from expectation.

LEGACY 2008 SPECIFICATION

Estimated time for entire question pack: ~1 h 17 min

Derived from the legacy BY5 papers’ pace of ~1.6 min/mark, padded for long-prose answers (48 marks over 4 questions).

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not

a single mock paper. It contains every question from

the legacy WJEC BY5 papers (2008 modular spec, 2011–

2017) that maps onto new-spec A2 Unit 4 Topic 4 (4.3).

Questions are ordered by source paper date.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working

— quality of written communication will affect marks.

A calculator is allowed. Diagrams included in answers

must be fully annotated.

All question content is © WJEC CBAC Ltd. and reproduced

for revision purposes.

For Examiner’s use only
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PAGE 2 ·  SPECIFICATION REMINDER Biology · 4.3 · 2015 spec

Inheritance — Dihybrid, Linkage, Epistasis & Chi-Squared —

what the new spec asks
WJEC GCE A Level Biology (from 2015) · Unit 4: Variation, Inheritance & Options · Topic 4.3.

Law of independent assortment

Alleles of different genes segregate independently

into gametes.

True only if the genes are on different chromosomes

(or far apart).

Pure-breeding AABB × aabb → F1 AaBb → F2 9:3:3:1.

Dihybrid 9:3:3:1

9 A_B_ : 3 A_bb : 3 aaB_ : 1 aabb in F2.

Confirmed by Mendel's pea experiments and many

later studies.

Test cross (AaBb × aabb) gives 1:1:1:1.

Autosomal linkage

Two loci on the same chromosome tend to be

inherited together.

Recombinants arise by crossing-over during prophase
I.

Recombination frequency ↔ map distance

(centimorgans).

Epistasis

One gene masks expression of another at a different

locus.

Recessive epistasis: aa hides B locus (e.g. Labrador
coat: ee → yellow).

Dominant epistasis can give 12:3:1 or 9:3:4 ratios.

Chi-squared test

χ2 = Σ (O−E)2/E summed over each phenotype class.

Degrees of freedom = classes − 1.

P < 0.05 ⇒ observed deviates significantly — reject

expected ratio.

Pedigree analysis

Family trees show pattern of trait across generations.

Use to deduce dominant / recessive, sex-linked or
autosomal.

Carrier deductions critical in genetic counselling.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »



PAGE 3 ·  CRIB SHEET Biology · 4.3 · 2015 spec

Inheritance — Dihybrid, Linkage, Epistasis & Chi-Squared in

one page
Quick-reference notes — revisit before each question.

Independent assortment

Alleles of separate genes go

independently to gametes.

True if on different chromosomes (or
far apart).

Dihybrid 9:3:3:1

AaBb × AaBb → 9 A_B_ : 3 A_bb : 3

aaB_ : 1 aabb.

Punnett square 4×4 of gametes AB, Ab,
aB, ab.

Test cross 1:1:1:1

AaBb × aabb → 1 AaBb : 1 Aabb : 1 aaBb :

1 aabb.

Recombinants = parental types swap =
crossing-over.

Autosomal linkage

Loci on same chromosome — usually
inherited together.

Recombinants arise from crossing-
over.

Closer loci = fewer recombinants =
tighter linkage.

Epistasis (recessive)

One locus masks another.

Labrador coat: ee → yellow regardless
of B locus.

F2 ratio 9 black : 3 chocolate : 4 yellow.

Chi-squared

χ2 = Σ (O−E)2/E.

df = classes − 1.

p < 0.05 ⇒ reject expected ratio.

Reading χ2 tables

Critical values: df=1 → 3.84; df=3 →
7.82.

If χ2 > critical → significant deviation.

Pedigree caveats

Combine pedigree with cross data.

Note: incomplete penetrance can blur

ratios.

Crib sheet — revision compilation for Biology Unit 4 Topic 4. Questions begin overleaf.
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Question 2 WJEC BY5 June 2015 · Q2 10 marks
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Question 3 WJEC BY5 June 2016 · Q3 16 marks
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Question 4 (cont.) WJEC BY5 June 2017 · Q6 11 marks



END OF QUESTION PACK

4 questions · 48 marks · ~1 h 17 min

Source: WJEC BY5 (2008 modular spec, 2011–2017)

Curated for WJEC Biology 2015 spec A2 Unit 4 — Topic 4 (4.3)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.


