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QUESTION ONE: BLACK ROBINS

http://nzbirdsonline.org.nz/species/black-robin

Introduced species such as cats and rats caused the Chatham Island black robin (Petroica traversi)
population to plummet to five individuals in 1980. Due to intensive conservation efforts, the species
now has over 250 individuals in the gene pool.

(a) Describe the term gene pool.

l{ /4 Mg_e.n_e__fw_o_j s ol of fhe a!/e/erfp/eyepf Within aqupu/az‘r'on. g
A POIDUfOf{Qﬂ being /| species of GrganiSm /1ving 1n G defined
ﬂrﬂ#/ e S -
(b) Explain how genetic drift affects the black robin’s gene pool.
é As ihe blace jobins ?IEGI!W/Q?("E’{? 15 _yery small genetic ar
will have a_significant_effect gn the gene pool. Genetic drif? 15
Ahe loss et of alleles in_a gene pool due fo_ehance and rof |

Selection. ,The ,r.ange of alleles ( __g_t?_/?_gf_’f/c‘ brodr yp/r/'fy) of the blace

fobin [JOPUIG hon will ot be Jorge Thes 17 gne indiyidual 11
tliminated (rom the 2 ulation 1f 115 alleles qrenof elmi rated

0 o | 0. sainly decrease 7
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Female black robins usually lay eggs inside their B

nests. However, conservationists found some birds
laid eggs on the rims of nests, where the eggs could
not survive. So, they pushed the eggs back into

the nests where they could be incubated and hatch
successfully. However, this selection pressure from
humans caused the rim laying allele to increase to
50% in the black robin population. They decided to
stop pushing eggs back into the nests to prevent the
behaviour from spreading throughout the population.
In 2011 only 9% of the population laid eggs on the

Nest showing egg laid on rim.
; ¢ www.math.canterbury.ac.nz/~r.sainudiin/
rims of nests. preprints/plos_br_preprint.pdf

Discuss why some female black robins lay eggs on the rims of nests, while most lay eggs
inside the nests, and how humans affected this behaviour.

In your answer include:
. a description of what allele and allele frequency mean
. an explanation of what selection pressures are, and how they affect natural selection
. a discussion of natural selection using the black robin egg laying example
. a discussion of why the rim laying behaviour increased with human intervention, then
decreased once the intervention stopped.
//‘/}' N allele s an olternaive form of o géne,e.g. Ihe gene for egg.
/ay ing has fwe foims . /ay/gg_ on the rim _or [aying in The ceptre of
lhe nest. 7/’;3 allele #re igamcy /S the number of /Jimer ar gllele ;s

present in a_populations gere poc/ ( or how lrequent 1t 15).
Auman

Jelectron presiires are euorPrensal pressures phich _aller 1he

envirgNments nalural Jefection process. /n jhe case of [the black
fabin _hatdral felection selecled thal pim laying blace yobin

allele woutd not survive. It pumons hod pot snierfered /pen

the eqqs that hod heen layed o the rim of pesr ard 1o pray
have Inherited this aléle lrom thew parent would 1ot pave | -
Survired fo_purs on s aftele , and 1o the allele wodld ot feve
Jurired and hus the black robin popalalion okl have groun IY1ohger -
anly ﬁ@ with the centre laying allele would pave sursl/éd,

V2, /fm’a ce. 7/9_ e fittes? indirniduols woir/d Thereis more space for your
- ' - ' answer to this question on the

have survived ond so parred ¢n /ey following page.
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Qlleles A popatations generally have more indivrdyols then Ihe

Nire et cor Sdstalp ra@pe/x//m cf‘é_";/q/ e for rurviial. Keciuse

Dumans snterfered with the notural Jelechion process Ly placing

[im Z@;ﬂf?}? €q?rf bact _ihte fhe ceptre of }the alfele where /h ey

could be incubgted properly the arganisms g7 these eggs Suriived.
71”5([/_ will_have inherited the ailele from their parents of nim [aYing

thus when fhey survived fu grow up the fayed their e9gs on the tim.

of the nest - jnc Loy fie lroquency of the nm _laying allele
in_the pa.;ulahoni[ﬂ/)wn hamons_Stopped intertering with the
natdral S¢lection process the bird's thal were Jayed 1n eqgv on
the_nm of their pests died- 7his meani they did hot survive
fo fe!nm'u'ce_ S and jo_Over fime fhe zx/»/’ﬁ/?fjﬁﬂ/Pand 17 __f}(’gﬁ/_fﬂ_(y'

fﬁ_f/‘k?{ﬁ& p___,oa/- The individdals qith the fittesf-centre /_ag/mg,

allele  Survived, passing this on fo_their oftiping 10 a_ifronger
Dlack rmbin_ poputatrer /era/mi[//
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QUESTION TWO: BLOOD TYPE ey

There are multiple alleles that determine a human’s blood type. These are known as I#, IP and i°.
Alleles I* and IB are dominant over i°. However, when I* and IB are inherited together, they show

co-dominance.

(a) Describe what multiple alleles are.

// mU/f;p/e alleles arise whep there 15 more than ] alleles for o gene,
although anly 2 of these alleles wwill be inherited by an indiiiddG!

10.1he geratype 1o be erprsed 10 /b _e____//ﬂ_c’ﬂ_c?ffy/’%_ [ :

(b) The pedigree chart below shows the two children and their phenotypes that result from a male
with phenotype B and a female with phenotype AB.

5B
f,f" = or l /
AjB 3’
Blood Types | 'Bl Il
Phenotype Genon)e B AB
A TATA, TA{O
B IBIB, [BjjO
AB IA[B|
0 i010]
] Bl 4B
PPl |or ['l
| [5°
J B AB

\___—Childl___ Child2

Explain why Child 1 has two possible genotypes while Child 2 has only one possible
genotype.
You may use diagrams in your answer.

{/ Child 2 has [ _passible_genatype as the only gepolype thaf
codes for A8 plood fype 15 P12 ard /% o codominont ard

50 are M/mrred ) egua/ omounts O‘m:‘my the Qgﬂowﬂe s P
I ot (/"l { CCH" )'\a.be ﬁy;"ﬂ/}/e ?mgéq/”‘”

/”merer g Qeotyper tesult ;N /he //ww%w of blood
/W"’ b /,’/ﬂ M /f"e hamczq?cm dominant form of fhe g]gﬂo/c//c,

and 05_path Olleles ore B the phenctype of
f3 15 innhented in_blood Fype. Howerer, 1f

here is more space for your
answer to this question on the
ollowing page.
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Hhe child has the genotype 1, they will still express 1€ phepotype
of B blocd type. This 15 because fhe allele 1P 15_completely deminant
of the gee qllele /*, 501p the &) heterc2qgods genotupe where
1% and 1° are_both present / “will alwags be expressed dronly /
Lopy of that allele needs 1o be present in the genctipe fo be
expresied. In Chitd T3 cage howeves ! “and 1" wre_co-doprnens
Jo /N ) Genotype / “ 1t net compretely dormont cier /* as itrc
gver | gl 1" ard (® are equally dominant gnd so both

lleles are expressed in_the phenckpe creating the blood fpe
Ny

(c) Child 2 (AB) in the pedigree chart on the previous page has children with a female having
homozygous O blood type.

Discuss the inheritance of their offspring.
In your answer include:
the possible phenotypes AND genotypes of the offspring
. an explanation of the difference between dominance and co-dominance

. a discussion of why none of their children will have the blood type O or AB.

/You may us dc?'agrams in your answer.
a

1y . |
/// IF Gpvia 18 - genotype | /%~ has a_chitd with_0n individual with

orypes
| the Genolype 1°[° fhen the possivte off Jyzfmgffhg; may result
are a5 flowed - [*1° and [*/". Resulting pherotyper witl be

Cxpressians of the /4 1° and [ lz/aﬂf’{?é’/_q/ﬁj In jhe fomms of

blogd fypes A and B. Deminance dccurs when an gilele 15 alwayi
Completely dominan! Gier oo ther. Only [ form of that allele

Needs o he present tn g heter c2yqous genciype for it fo
f qols genalyp
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) ¢ . e
be expressed -1e. / '/ gk ? s dalyays demimiont over gllele /)50 %mm-s

qerctype are_equally dommant- Vo one olele i dlepinant cres  the
ofhery thas_both ore thressed aqually /n Me phenotype -/ e. il o

i the PP thatype-crealing 4B bload Hypes [\

A
/ MC_{ / 6 are g@tz@ﬁy dominant ond 1o dre ex//_eim?’ N .{egag_./ an oun

Tne inditidugts /% and 17 can never prodace a_chid with
the genotype 11°, and thar phenctype bleod greup 0, as
[ allele o stFve has Jo be inhesrted fom each parert 4z
Indincual 171 dees not have an 1° altefe fo denate tfo the
o be presenl e in the ganotyp e (ho po 24goul  secessve
M oider fo be exerred 1n the phenciqpe [ [he Jaivicual
1117 can only derate _an 1" or 18 allele, and ot borh o ppese

Qre deminant fo /i ihe g genctype 1*1° ar /€/° blood

grovp /A or BB vl olways be___fbowm_éfu_ e —
Blood type AB can pever recalt in an of tipring as agoun

Ihs o oacar _an /7 Pt allete from cpe porent ana or

1% alleie fum he other woald have fo be inherted in orcler
for the geﬂcfg,ac_. A id and /¢ are_egua/ly
dominent [ co-dorninant) [he plood type AB reutts . [rdiicteal
11 can Cﬂ// ever donate an [ alfele, ord 1hir combired

fo _anse ,anal arg /1’

with chid 27 gpner (7 or (% wnll create the gapotyper
/21 o 1/ S angd 1% are ¢ Drpletely domiront fo /¢
lhus vl ey Ye epressed ond Se fhe ofFspting con o ly

tyer have he phartype of bleed group A it fhe
Jerctype [7/° gr the phectype of B bleed qrop o #h
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QUESTION THREE: COAT COLOUR

In 1905, Lucien Cuénot observed unusual ratios when

studying inheritance of coat colour in mice. After mating two
heterozygous yellow mice (Yy), he observed that the offspring
never showed a normal 3:1 phenotypic ratio. Instead, he always
observed a 2:1 ratio, with two yellow mice for every grey
mouse. He concluded that yellow coat colour (Y) was dominant
over grey coat colour (y), and by using test crosses he showed
that all his yellow mice were heterozygotes. However, from

his many crosses, Cuénot never produced a single homozygous

(b)

www.themouseconnection.org/t955-what-

dominant yellow mouse. oo i ol
Subsequently, it was confirmed that no homozygous domi ant Y = qeﬂ ow y=gre

yellow mice were present because. | allele.
Y Y = letha
(a) Pescﬁbe a lethal allele(s). .

) /1_lethal _allele _arises when o mutation causes a pop-funciioral

Version of a_profen fo be fa produced . Yhen a lethal combinatron

ot _alleles are jpherted ”’f’._wijgamfm_ wil_die betere or shortly
_Qfter death_de fo_the Non-furctionel proterny "

Discuss how Cuénot used test crosses to determine that all the live yellow mice were
heterozygous.

In your answer include:
. a description of homozygous AND heterozygous
. an explanation of what a test cross is

. a discussion of how Cuénot used the test crosses to observe a 2:1 ratio (two yellow mice
for every grey mouse), and determine that all live yellow mice were heterozygous.

You may use diagrams in your answer.

// m_ygauf refers fo q._qenotype n which the fwo glleles present

/ Qre lhe fome-e.g. /f, /wmoz_ygam dominant ; and Yy ;homozygous

Dresent are i [ferent. In ciser of complete dopinance [he domnant

allele _will_gluays be ex pressed - . }f/; - hetero 24gour dominant, ) will

be expressed. A Jest cmis 15 a Jest Jo see wyether or pot an inohvidug

/5 pre _bg'_eedf‘ﬂg ar hot- 7_;_?_6%{}’) dwidual 15 b/’f’t’ﬁ’f/gf’o‘fﬂ’d with af

homcéggcur recessive individual 40 this_way /f any O dividuals f
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// re_pioddced whie) show fhe recessive choracterictre then we tnow 1hat
7

[hherited 7 of /56__._«-‘?@2;@'}@ .a//c’/d_[é!r one pllele pust _é_ﬁ__/jn/wr//f_(?_/ _

1Yy Cuenot courd Cnfiti Ihiaagh leit crosiing that his

y Wy (N 1we were heleropygous as the recessive Jrart wal

5 1Y, 19 Shoun in Ihe offspring, showing tha! the recessive g aliele
Y

_mart hate_peep present i1 his mice. Dt fo fethal affeles

all of fhe home 2yqgeul qerti nant rals dred , fhas fhir fethal combinotion

of alleles whep inhented coued ayellow rof fo die- Al surriting yellow

mrce st has have a y allele present , and e peterd 74 goils in ord el fo
ﬁéfﬁ’ hi it on 1o ﬂ/‘; Of'ff/ﬂ/'/ﬂ?- Hem G Cuenel carnno f hove any
Ure heeeding yeflow nice- A/ -
(c) he genetic diseas€ cystic fibrosis is ¢ smm
homozygous recessive, however heterozygous individuals are carriers of the lethal allele.
Lethal alleles are caused by mutations. The mutation for cystic fibrosis occurs in the gametes.

Discuss how mutations cause lethal alleles, AND why cystic fibrosis alleles remain in the
population.

In your answer include:

. a description of what a mutation is
. an explanation of the difference between a gametic mutation and a somatic mutation
. a discussion of why the cystic fibrosis lethal allele remains in the human population.

// A gene mulaftion occdrs Wher 6 chepge fo fhe base seguencing arises

[h DNA , resulty g 11_a aifferent armino acrd ﬁé’/'/?y coded for ,opd

this _a_difteren! prafein-A piolein formed then may hove po

mdtelien 11 _One fho? accar 11 body cells. [he diferepce ys that

' There is more space for your
answer to this question on the

Pasged 00 a5 the Qra or 5 e with || Ploving page.
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the mulatieh fure fo form the ..z;qm_fle apich thas carrees 1this nssessors
mullated 7f/2e-4 ranote pnatation coanr not be mherifed as
err PVA 5
Z/?() MUt AL rals occdr 172 fhe bod‘/{/ cellr gﬂa/f mnof 3%
\__.__——«—/"“"

ﬁaffé’ﬁl an /n /eﬁ/&‘é?’{d(‘f/ﬁﬂ Z///———// &

/ﬁday as /he mgfa//an /mm’ occdrin_the qonT efe cells. 7hic

meant fhat /ﬁe allele cap be 1rherfed by orfsp1ing A»

cyf//z //é?/af/f //? e are Ae/m? 749 0us, Abw //?e alele 11 THN

pYa Individadls car survivet
J’/f’ff/)!‘ A /a/m/r pave the allele for c‘(/f /1€ fbrosir ther

an C'/ﬁ;o/ma could inher;'F the (w//c fbrors allele from

beih ﬁcwn/r [/ efc//z‘//)e’ 177 them Paving /hr /e//'m/ Combrrétran
4
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Annotation

Correct definitions in part (a) (b) and (c). Provides a very good discussion
integrating the egg laying behaviour of the Robin to Natural Selection as well
as how the alleles for rim laying behaviour increased initially in the gene pool
due to human intervention AND how the alleles decreased in the gene pool
after human intervention had stopped.

Provides an excellent discussion in Part (c) to discuss why the children cannot
have blood type O or AB. Use of words like “equal amounts” for Co
Dominance and link to Dominance as one allele being completely dominant
over another ( without the recessive allele being mentioned). There is no
mention of parental gametes and fertilisation in the answer. The grade was
marked at E 7 than at E8.

Provides correct definitions in (a) (b) and (c). Does not provide sufficient
discussion in (b). Has used punnet square to show a test cross. However,
there is no discussion as to why there is a deviation from the usual 3:1 to a 2:1
with experimental evidence. Has explained the difference between gametic
and somatic mutations. The Cystic Fibrosis question was clearly discussed to
a merit level as learner did not provide either an annotated punnet square to
show 25% death or mention in the answer as to how only %4 or 25% of the
offspring from the homozygous genotype would be affected with Cystic fibrosis
if 2 carriers of the lethal recessive allele produced a homozygous offspring.




