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 ]GENETICS AND EVOLUTION EXAM REVISION SOLUTIONS9
	DNA
	Code for how to make proteins


	gene
	Strand of DNA that code for a characteristic.


	allele
	Alternative code for a gene.


	chromosome
	Linear collection of genes


	diploid
	Total number of chromosomes in the nucleus.


	haploid
	Half the number of chromosomes in sex cells.


	interphase
	Non- dividing phase of cell cycle.


	DNA replication
	Making an identical copy of DNA


	centriole
	Spindle formation in animal cells.


	centrosome
	


	centromere
	Structure that holds two chromatids together in chromosome.


	chromatid
	


	homologous chromosomes
	Maternal and paternal pair of chromosomes that code for similar traits.

	autosomal trait
	Traits (characteristics) carried on non sex chromosomes.


	mitosis
	Cell division for growth and repair of cells


	meiosis
	Cell division for sex cell, gamete, formation.


	2n
	Diploid 


	n
	Haploid number


	crossing over


	Swapping of DNA (GENES) during the first prophase of meiosis, contribute to diversity of sex cells.



	karyotype
	Pictorial arrangement of chromosomes.


	karyokinesis
	Nuclear division


	sex chromosomes
	Last pair of chromosomes in karyotype of human genome that determines the sex of individual.


	cytokinesis
	Division of cytoplasm


	nucleotide
	Building block of DNA: deoxyribose, phosphate and nitrogen base


	interphase
	Non dividing phase in cell cycle.


	template
	Original strand


	complement
	Copy


	Incomplete dominance
	(Blending).  None of the original genes are expressed in phenotype, only a blend of original two characteristics e.g. red and white = pink


	Co dominance
	Both genes are expressed in phenotype e.g.
 red   x white = red and white


	species
	Group of organisms that can interbreed under natural circumstances to produce fertile offspring.


	mutant
	Organisms that has got a mutation.


	mutagen
	An agent that can cause a mutation in a cell. E.g. UV light is a mutagen that can cause a mutation in skin cells and this is cancer.

	mutation
	Mistake (change) in the DNA code of an organism.



	epigenetics
	NO change in the DNA of organism but code is expressed as if an imprint was left on code


	evolution
	Change in the allele frequency of the gene pool of a population over a very long period of time.


	heterozygous (hybrid)
	Two different alleles for a gene inherited from parents.


	Homozygous (true breeding)

	Identical alleles for a gene inherited from parents.



	trait

	characteristic

	
X-linked
	
Characteristics carried on a X-chromosome


	Species
	A group of organisms that live together and can interbreed under natural circumstances to produce fertile offspring








1. Outline, using diagrams to assist, the phases in the life cycle of an animal cell that undergoes MITOSIS GROWTH AND REPAIR  (2n=4)
	INTERPHASE:

DNA REPLICATES, MAKES AN IDENTICAL COPY


	

	MITOSIS – PROPHASE

Nuclear membrane disappears.
Chromosomes become visible.
Spindle forms and chromosomes attach to spindle
	

	
METAPHASE

Chromosomes align in the middle of the cell.

	

	ANAPHASE

Centromeres split and chromatids (daughter chromosomes move to opposite poles of the spindle)
	

	
TELOPHASE

Chromosomes coil up into a double helix again.
Nuclear membrane reforms around chromatin network.

Cytoplasm divides into two
	












2. When will a cell undergo meiotic cell division?
To produce sex cells (gametes)

3. List 5 ways in which meiosis differ from mitosis.

	MITOSIS
	MEIOSIS

	
Growth and repair.
	
Produce sex cells.

	
One cell division.
	
Two cell divisions.

	
Two genetically identical cells are produced.
	
Two genetically different cells are produced.

	
Two new cells contain the diploid (complete set of chromosomes).

	
Four new cells contain haploid (half the number of chromosomes).




4. What does DNA stand for?

Deoxyribo nucleic acid



5. Sketch a labeled diagram of DNA.








6. Why does a cell need to replicate its DNA?

To make identical copy of its genetic material, in order to ensure there is enough genetic material available for new daughter cells when a cell divides.

7. During which phase of a cell’s life cycle will a cell replicate its DNA?

Interphase

8. . Outline, stating examples, the difference between monogenic inheritance, codominant inheritance, incomplete dominant inheritance and X-linked inheritance.
Monogenetic: Mono – one,  gene – characteristic or trait.  Monogenetic is inheritance of one characteristic.

Codominant  inheritance : Both alleles (codes for a specific gene) will be expressed e.g. white flower crossed with a red flower will give you a red and white flower.)


Incomplete dominance :  Blending of alleles e.g. a red and white flower will give you a pink flower.

Sex-linked or X-linked inheritance :  The code for a specific gene (characteristic) is found on a sex chromosome, usually the X chromosome in humans because the Y chromosome is too small to carry any more traits than those that determine male characteristics.





9. . Use a punnett square to explain what happens when red and white flowers are crossed during codominance.
R – red			P1          RR   X   WW
W- white
				F1 		
	
	R
	R

	W
	RW
	RW

	W
	RW
	RW



    Genotype:      100%  RW
    Phenotype:   100%  red and white



10. . Use a punnett square to explain what happens when red and white flowers are crossed during incomplete dominance.

 R – red			P1          RR   X   WW
W- white
		F1 		
	
	R
	R

	W
	RW
	RW

	W
	RW
	RW



    Genotype:      100%  RW
    Phenotype:   100%  pink



11. 	Determine the possible genotypes and phenotypes of the offspring if two heterozygous bronze turkeys are crossed, given that in turkeys bronze colour is dominant to red colour. 	



B  =  bronze                              P1  Bb   x   Bb

b  =  red



           F1         
	
	B
	b

	B
	BB
	Bb

	b
	Bb
	bb








Genotype:  25%  BB:  50%  Bb  :  25%  bb

Phenotype:  75%  Bronze  :  25%  red



12. 	In fowls, red plumage is recessive to black plumage. Determine the possible offspring genotypes and phenotypes if a heterozygous black fowl is crossed with a red fowl. 		


B  =  black                            P1  Bb   x   bb

b  =  red
                                             F1            
	
	B
	b

	b
	Bb
	bb

	b
	Bb
	bb




Genotype:    Bb   50% :   bb   50%

Phenotype:  50%  Black  :  50%  red
13. 	In cattle, the horned cattle are recessive to no-horned cattle. What are the probabilities of offspring genotypes and phenotypes if a homozygous recessive horned bull is crossed with a heterozygous no-horned cow? 								


H  =  No horned                            P1  Hh  x  hh

h  =  horned



                                             F1           
	
	H
	h

	h
	Hh
	hh

	h
	Hh
	hh






Genotype:    Hh   50% :  hh   50%

Phenotype:  50%  horned  :  50%  no horned



14. 	Determine the possible genotypes and phenotypes of the offspring if two heterozygous red tomatoes are crossed, given that in tomatoes red coloured fruit is dominant to yellow coloured fruit. 
												

R  =  red                            P1  Rr   x   Rr

r  =  yellow



                                             F1       
	
	R
	r

	R
	RR
	Rr

	r
	Rr
	rr





Genotype:    Rr   50% :   rr   25%  :  RR  25%

Phenotype:  75%  Red  :  25%  yellow
15. 	In guinea pigs, a homozygous dominant yellow crossed with a homozygous white produce cream coloured offspring. Determine the possible genotypes and phenotypes of the offspring if a cream coloured guinea pig is crossed with a yellow coloured. 			
	
	Dominance type: Incomplete dominance

Y  =  yellow                            P1   YW   x  YY

W = white
                              F1                
	
	Y
	Y

	Y
	YY
	YY

	W
	YW
	YW




GENOTYPE:   50 %  YW:  50%  YY

PHENOTYPE:  50%  Cream :  50% yellow


16. 	In pigs, a homozygous black crossed with a homozygous white produce black-and-white coloured piglets.  Determine the possible genotypes and phenotypes of the offspring if a black-and-white pig is crossed with a black coloured pig. 	

					
	Dominance type:  CO DOMINANCE

    B  :  BLACK                        P1                  BW  X  BB

    W:   WHITE

                                               F1			
	
	B
	W

	B
	BB
	BW

	B
	BB
	BW




GENOTYPE:    50%     BW   :  50%  BB

PHENOTYPE:   50%  BLACK   :  50%   BLACK AND  WHITE






17. 	In four-o'clock plants, if a homozygous red flowered plant is crossed with a homozygous white flowered plant, the offspring have pink flowers.  Determine the genotypes and phenotypes of the offspring if a pink flowered four-o'clock plants is crossed with a red flowered plant.         

	Dominance type:     INCOMPLETE DOMINANCE


R  =   RED                                     P1      RR    X   RW

W  =  WHITE

                                                  F1     
	
	R
	R

	R
	RR
	RR

	W
	RW
	RW






GENOTYPE:       50%  RR   :   50%  RW

PHENOTYPE:    50%  RED   :   50%  PINK


18. 	In short-horned cattle, a homozygous red crossed with a homozygous white produce "roan" (white and red haired) offspring.  Determine the possible genotypes and phenotypes of the offspring if a pure-breeding, red coated short-horned bull is crossed with a roan coated, shorthorn cow. 		

	Dominance type:             Co-dominance


        R   =   RED                              P1   RR    X   RW

       W   =  WHITE

                                       F1                 
	
	R
	R

	R
	RR
	RR

	W
	RW
	RW





GENOTYPE:       50%  RR   :   50%  RW

PHENOTYPE:    50%  RED   :   50%  ROAN

19.    In humans muscular dystrophy is a sex-linked disease which is recessive.  Determine the possible genotypes and phenotypes of the offspring if a normal man marries a woman who suffers from the disease. 										
     XD  - NORMAL                                        P1     XDY     x     XdXd
     Xd   - muscular dystrophy
                                                                    F1
									
	
	XD
	Y

	Xd
	XDXd
	XdY

	Xd
	XDXd
	XdY





Genotype: females  100%  XDXd  :  males  100% XdY
Phenotype:     females 100% normal:  males 100%  muscular dystrophy

20. 	In humans muscular dystrophy is a sex-linked disease which is recessive.  Determine the possible genotypes and phenotypes of the offspring if a normal man marries a woman carrier.  
	     XD  - NORMAL                                        P1     XDY     x     XDXd
             Xd   - muscular dystrophy
                                                                 									F1
	
	XD
	Y

	XD
	XDXD
	XDY

	Xd
	XDXd
	XdY




				
Genotype:   females  50%  XDXd  : 50%  XDXD   : males  50% XdY:  50% XDY
Phenotype:   females  100% normal  : males  50% normal: 50% muscular dystrophy

21. 	In humans colour blindness is a sex-linked disease which is recessive. Determine the possible genotypes and phenotypes of the offspring if a normal man marries a colour blind woman.
						
     XC  - NORMAL                                        P1     XCY     x     XcXc
     Xc   - colour blind
			
				F1							
	
	XC
	Y

	Xc
	XCXc
	XcY

	Xc
	XCXc
	XcY



Genotype: females  100%  XCXc  :  males  100% XcY
Phenotype:     females 100% normal:  males 100%  colour blind
	












Question 22 refers to the diagrams below

	A [image: ]

	B [image: ]

	C [image: ]
	D[image: ]



.
a) Which of the images shows a homologous pair of chromosomes?  C
b) Which of the images shows a karyotype?   A
c) In a root cell of a pea plant there are 14 chromosomes.  How many chromosomes would there be in the nucleus of a pollen grain of a pea plant?  7
d) What causes most of the variation between individuals of the same species?
Sexual reproduction, process of meiosis produces sex cells that are genetically different.  

24.  Use the following information to answer questions (a)  to (h).
The gene for long eyelashes is dominant to the gene for short eyelashes.  A man who is heterozygous for eyelash length marries a woman who is also heterozygous for eyelash length.   L  long:   l short
1. What is the woman’s genotype?   Ll
1. What is the probability that their child will have long eyelashes? Show working.

        L   =   long                           P1   Ll    X   Ll

       l   =   short

                                       F1                 
	
	L
	l

	L
	LL
	Ll

	l
	Ll
	ll





GENOTYPE:       25% LL  :  50%  Ll  :  25% ll

PHENOTYPE:    75%  long  :  25 %  short

  
       
1. The couple has two children with short eyelashes.  What is the probability that their third child will also have short eyelashes?

25%  always the same probability


1. Who determines the gender of a child?  Explain with reasons.
The father, he has a “X”  and a  “Y”  chromosome to contribute.  Mother has only got “X” chromosome.  If father gives “X”  it is a girl and if he gives “Y” it will be a boy.


1. If a person has two identical genes for a particular trait, what are the genes referred to as?
homozygous
1. What is the main difference between autosomal and sex chromosomes?
Autosomal chromosomes code for similar characteristics  in male and female  and sex chromosomes determine sex of an individual.
1. Name the smallest piece of genetic material which has the instructions for one 
characteristic, like wide nostrils.   gene
1. What causes differences between identical twins?  Environment e.g. diet


















[image: ]

						
25. What is a mutation? 
Quick sudden change in the DNA code of an organism.
 
26. What is a mutagen This is a substance that can cause a mutation.
Give examples of mutagens : UV light, radiation, chemicals

27.  Explain the difference between a mutation and epigenetics.

In a mutation the DNA code changes,

In epigenetics the DNA code does not change, but something in the environment can cause the code to be expressed differently e.g. diet

28. Define Evolution:  Evolution is the change of the allele frequency of the
genepool of a population over a very long time.







29.  Gene:  It is a code for a specific characteristic 
Allele:  It is a different expression of a gene:  Eg. for gene Blood type  can have 3 alleles:  A, B  or O

Chromosome : Linear collection of genes

30. Name and explain  (five) mechanisms that can contribute towards process of evolution.
Mutations,  natural selection, founder effect, genetic drift,  immigration and emigration

 Name and explain five mechanisms that can contribute to the process of evolution.

a) Quick sudden change in the genetic code of DNA, caused by mutagens e.g. UV light 
 Immigration and emigration of new individual of a species will bring or take away alleles from a genepool.

b) Founder effect:  Group of individuals that separate themselves deliberately form main breeding population and do not interbreed with them.  They might not have all the alleles that the main population has and therefore alleles in genepool are restricted.

c) Genetic drift:  Caused by non- selective factor e.g. major disaster e.g. earthquake wipe out individuals of a population at random and with that certain alleles could be lost that would have enabled them to survive in the aftermath of the disaster.  Hence, genetic drift, do not know which alleles will be expressed.

d) Natural selection: When a population is put under pressure and something vital changes in their environment e.g. food shortage or predator moves into their community, some individuals will starve or get caught but there could be some that have favorable genes that can enable them to survive or outrun the predator.  Therefore “survival of the fittest” and they can transfer favorable alleles to their offspring.

Question 31 – 33  Refer to booklet and notes for answers
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GENETHCS: X LINKED GENES

~**In fruit flies, eye color is a sex linked trait. Red is dominant to white *™*

1. What are the sexes and eye colors of flies with the following genotypes:

X5X* Dmale wd X7V ale nd XX+ _Ltmale wiire
XAXR fomate wd XY _male winte

2, What are the genotypes of thes flies:

white eyed, male __ X © 9

white eyed, female __X < Y r

L
red eyed female (heterozygous) )< X
red eyed, male ®

3. Show the cross of a white eyed female X © X " with a red-eyed male X RY .

)(f
X ka'
JIxyy

Xt
xFye

XY

4. Show a aross between a pure red eyed female and a white eyed male.

‘Whzt are the genotypes of the parents; r
a X'

Al e
XL‘X t How many are:
white syed, male _ S
X K e Lx . white eyed, female _©
CRFCIG
Yxty

5. Show the cross of a red eyed female (heterozygous) and a red eyed male. What are the genotypes

red eyed, male _So /-
of the parents? & 4
XYXT e XY

red eyed, female S0/ .
R, How many are: N
white syed, male_XX )
°©

X X * 2587,

white eyed, female

red eyed, male 28 /,
red oyed, femaie RO */,

XF | xuce XKyt

Y

X‘ r fr Math: What if in the above cross, 100
Y | males were produced and 200 femeles.
How many total red-2yed fles would here
be? |
6. In humans, hemophilia is a sex linked irait. Females d [— 3
Males will sither have the dissase or not (but they won't ever bs Garers)

x*y

3 Chromo St A6 Smeall A C""Q’l (e
h mash FWS kmgph&(t‘a Juer o K- Chomosen
£ hale: XY '
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. Pedigree Charts:

In genetics, traits can be waced over several genzrations similar to a family tree. This family
tree s called a Pedigree chart, Pedigree charts are usefl in gathering background genetic
informazion that can be used for medical reasons. Horse race enthusiasts also rely heavily on
pedigree charts to predici a horse’s success. sWhen interpreting pedigree charts remember
square are male and circles are females

1. Use the below p: ee chart to answer the following three questions. Muscle type is not 2 sex

linked charecteristic. A ssumes  Slow fwitchs - . Shoc eol
1 f o4
2 3 Ff e

:L%%1 1 - Flor PE ’ mak  femalke
S0 b05 & E &
(G

5 & s | QFJC 10 17 male  femak

Ff Ff # T TP o castiwrchanuscies F ’\'F“ st
& @ ﬁ deminate.orerslow
fz mirf: 14 F«f beitchmuscles. j‘ ~ slaw
~*
a.  Place the genotypes of each individual below its symbol.

b, Whatis the genotype of individual #3 and 47.

. Caneither individual #8 or 9 be homozygous? _ . .
Mo ; procuci v]f-fprz.'d wibh reassive “L“’Wft,,'
P .
mnist both The Carriers . .
d. Explain the family relationship that #12 has with #2. 6l £S ‘jrﬁnolfmlrk&r ;{

ra.
2. Label the genotype for each of the individuals below fis symbol on the pedigree chast (note: eye
color is Dot 2 sex-linked trait).

j——@ bb M () Browneyes ~E)
[ 8h ° wale  fermale
L3 I A 1
BLL ] B B ] ¢ & -y ® Dueeym - b
T 7 7 5] w%om Y o ’
b 1@_[’ male  fermale
P L1 Broyen-eyesare domint.
»11»_’) 19 = "?? Lb overblue-eyes.
TS 18
8
e
Bb  BL !
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3. Listthe possible genotypes of the following bemophilia pedigree chart below. Remember
‘hemophilia is 2 sex linlced trait that is caused by a recessive allele, therefore you must denote
the individuals sex chromosomes (X"X" and X"Y or Nn and nY) as well as the hemophilia allele

).
\S ex . linled
N
O Normal X
Female Male

N @ @ Hemophitze X
sNy

10 11 12

NwW
Xh\\j K¢ h )(l\’l‘h x;)-(l’u X Wx
X X XNy

Examine the following pedigree chart of color-blindness. In humans, color blindness is caused
by arecessive sex-linked allele. On the diagram, Jabel the genolypes of the individuals 1-16.

@] Normal N
female  nale

@ [ Tolbrblnd n

xN\J” Lz XMaoa yNye

7T@ B—O
Xhy ! 0
1 I e X —TReoe
B OB O 8 500 e
X“Ejs Z 7( 3 s 10 1 12
X"k o
13 14 15 16
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ST mEEe KEY

Genetics Problems [lates T T eomaies ]

| Blond

1.
D- dack,
o - blond D . ’

@O

E|

The traits of dark hair and blond hair arise from two alleles of a gene. The gene for dark hair is
dominant and the gene for blond hair is recessive. Study the pedigree above and answer the
questions below:

a. Is A homozygous or heterozygous for the gene? (Explain your answer)
No s Wo&‘d{f”” : Cw\rj Blowd gene
Hspnrg G 45~ homo oxs  receosive b .
5 prrcg m o2y g Tonel

b. Is F homozygous or heterozygous for the gene? (Explain your answer), .
Hetoropg acws:  Gnheited deck, ollele From A
omel blw ’)Cﬁvm ‘R

c. Why is E homozygous for the gene?_ Plond | rew s&1U¢ - 'F Aeterogyqes

d. Explain why C and D could produse a homozygous dark-haired chia,_ | L A%k
Cand O ace bhath heterogeaens derK. Dol x Dd

e. Why can you not be sure that H is homozygous LiJor the gene?.
Hocan by Dd o DD

f. If F marries a homozygous dark-haired male, what proportion of the children will have
qarknair?_F= Dol % DD -100_%

P Q
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The fraits for grey fur and yellow fur in mice arise from two alleles of a gene. The gene for
yellow is dominant and the gene for grey fur is recessive. Study the above pedigree and then
answer the following questions. N G gry — 9
a. Explain why mouse P is heterozygous for the gene..
Boduws gry offspang’. must carmy o
ISanv) = (va) SNy 'tj
G
b. Explain why mouse Q is homozygous for the gene. i,
if e s e 6y Uy fowk — must
7 jM
be, ho

9 ygous
c. What percentage of the offspring of mice R and S will have grey fur? Please explain your
answer.. I?, - 39 9

9
S - Ga Gl ey [ Gy 50'/.3@
I a9t8s

d. Both mice T and V have yellow fur. Explain why they can produce a mouse with grey fur.

Gag X

59
—
Thy b Conry gy Aot
They one  bath ~heterol §gous .
3. (a) Normal pigmentation (A} is dominant over albinism (a). What are the chances of geiting

an albino child from the following matings?
AA

(i) AAxaa: & €]

(i) Aax aa: - Sof.
(i) Aa x Aa: 5 ¢,
(iv) aa x za: 0o ).

(b) A man with normal pigmentation marries a woman with normal pigmentation. They
have an albino child. What are the genotypes of all three individuals?

Man (=]
Woman, A o
Child aa

4. If you assume that the trait for biue eyes is recessive to that for brown eyes, what eye-
colours can the children possible have if born to the following sets of parents?
BBx bb_or (Db xbb
a. Brown-eyed father and blus-eyed mother. X
b. Blue-eyed father and blue-eyed mother__ 06 * bb
c. Brown-eyed father and brown-eyed moth&r B /5)( @B
- Bfﬁx Bb

/dbw otite he/f-&rujjgums"gb)( Bb
¢r L)umusa,g,:/m.&-
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5

In human beings, the lack of melanin in skin (albinism) is determined by the absence of a
dominant gene represented by A, whose recessive allele is represented by a. The diagram
below shows a pedigree that displays albinism and normal pigmentation.

[ @ ha

2

o
8 T an L

Squares represent males; circles represent females.

A horizonial line is used to link members of the same gerieration.
A double horizontal indicates a marriage.

A vertical line connects the offspring of a couple to them.

Black squares and circles represent normal pigmentation.

White squares and circles represent the albino condition.

a. Write down the genotypes for the following individuals.

Individual 1: A’ O

Individual 4:___Arow

individual 7.___Ar o
b. Is albinism a sex-linked trait? Please explain your answer.

Neo: indiCetor gscpressed in bobh Sexes

Alss cnt bei If wibs doughter & fother Shenld bose

c. What are the genotypes for individuals 5 and 10? Please eprlain your answer. e

St jA o ho

fo - ace

d. If individual 10 married a woman with normal pigmentation, and their first child had the

albino condition, what is the probability that the second child will also be albino?,
23 X <l

F ) 4 @
a | A | aa ﬂ(lwoﬁs . Se /

x| Ao o
B
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6. When considering colour blindness, a female who has the genotype XEXC s called a carrier.

Would she be colour-blind or have normal vision? Explain.
Normgl  uision @ Neyimal (S _dlowaripent ond

mask

recsal e coowrblind  gene

7. Study the following pedigree very carefully. (All the shaded boxes and circles represent the

possession

C

of colour-blindness.)  y/ ¢ }j C
X X

e

or Kc)('c

)(CJ

a. In the family tree, the son in the first generation is shown as having normal

vision. Would it be possible for the parents to have a colour-blind son?
Explain__Yes /ot e s f‘-&i‘ezcﬂ 4yS
~ YA

b. Both daughters are carriers. Would it be possible for the parents to have a
colour-blind daughteﬁ Explain.

Yes mother (s heterdgy g ews

c. Did the colour-blindness character skip a generation? Explain. .
Yes 0 et in,_generadien 1200 . Ricessie
NMiaids can b4, masked .

8. Amale with normal vision marries a female who is colour-blind. C

< e
a. What is the chance of a son being colour-blind? )( J X X X

100 /o heys w het G Chramaseme fom metha
b. What is the chance of a daughter being colour blind?

o/ %mbﬁ\g |l alwsdas inhent
/ﬂwm«,(/ )( o her /bf\/a;t/
s mvask 3¢ Cle lbolind gene.
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