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QUESTION ONE: Cats

Some domestic cats exhibit a complete dominance pattern
in coat colour. The allele for black fur (B) is dominant
over the allele for brown fur (b). The gene for tail length
is not linked and is located on a different chromosome
from the coat colour gene. The allele for long tails (L) is
dominant to the allele for short tails (1).

A cat that is homozygous for both black fur and long tail
is crossed with a cat that is homozygous for both brown
fur and short tail.

R - blacw fuv | L-lowg tails
b - bvoww Cuy [ - Shout tals -

L - Bl Domestic cats.

(a) Specify the genotype of individuals in the F1 generation produced by this cross.

Rbrl

(b) Use the Punnett square below to show:
+  the F1 gametes resulting from the cross and Bl
. the possible genotypes within the F2 generation of cats.

F1 gametes

BL Bl lvl |0

Bl eBLL /YSBL\ [BoLt TSbL\/

Bl el BB guLl [Boll

F1 gametes

WLl L
oL |®bLL BhLl |bbLL |bloLl

bl [Blll Bl Ll | ol
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(c) Give the expected phenotype ratio resulting from this cross, indicating the phenotype each value
represents.

A5 Black fuv - lowg tanls, 3 Black fuvy Shovt tails, 3
broww fuwv - long Yails, 1) byowu fu - Shovt tals -

F - wawge = complete dominawnce

Some cats have fur colour that is an example of
co-dominance AND sex linkage. In cats with orange fur.
phaeomelanin (orange pigment) completely replaces
eumelanin (black or brown pigment). This gene is located
on the X chromosome. The orange fur allele is (F) and is
co-dominant with non-orange (f). Males can typically only
be orange or non-orange (black, brown., etc.). 1 O

w\f?Sex determination in cats is the same as humans. (9~ AW

Female cats can have orange fur, fur without any orange
(black, brown, etc.), or have tortoiseshell fur (see image
on the right), in which some parts of the fur are orange and
others are non-orange.

Some cat diseases are known to be sex-linked as well.
Male cats have been found to be more susceptible to Female black tortoiseshell.
recessive, sex-linked diseases than female cats. F-C = co- clomivnamt -

Evaluate the inheritance patterns of cats to include complete dominance, co-dominance, and
sex-linkage.

In your answer, refer to the examples above and include a discussion of:
. the two patterns of dominance
. why only female cats can have tortoiseshell fur colour ~~

¢ Puy altete.

. the similarities and differences of recessive and dominant sex-linked genes.

=

We Giust paktevu 08 Clowmanice, withivt COtS is Co~clominaue

- o anc {s wweve theve que two ‘cominaut’ aIeles, anad
hew vaeg is & hetevorygous ihdividudr, both pyeugty pes
v___iwe ohisplayed (emch cell can dsplay o di€teveut clomiviaue
evie). The seconol pattevn is com pete clomincuce,
WUe tAe pvaeowm einiv (ouauape pigimeut) completely
WMASUS the ewmeliniy MeANING oy cat with rlre ovanye
pigwment alele will display tae ovavnge m phenorype

S =g

=
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this (s Wove common v mates. Sx [WUAQE, 1S wheve

Yaeve ave Qllees coding v a pavticilar tvart

cavvied 0n the S€ ChvomoSomes, however tias

doesu{ chowge the 50(50 posivilities €y eaci

sex. It just weaut tuat*females ( xx) chvowmosoner

avt con Waue towtise -shell Cuy. Recavse the

oeve €OV lack ov lovown pigwent (S ouly found
on tne X clayowmosome , WhiClh matles ow/q hove
one 0¢ (XY This browm ov black pigment rs
o Vessesive dllele , wieaning it IS only produced
i the phenotype wien S pvesent fuice- As
its only Counof on Hae X chvomosovme, outly Eemae
CarS can clisplay it as ey must nowe X yessesive |
qenetyoe Clolacty ov ) G ‘A X chroimosomes =
R0y XX~ lothn vessesive tont. MAIES cant viot
WWowevev Ve evenm it H/lelj Wave owve vessesive F
allele, Y, Yhe 0tV is a clvowsowme, meaning |
it will moask twe vessesive tvorit anaot thiewt will ~ &
not e dusplaved in the phenotyype- = Only
bematles vt nave the genatype € will Nave

touv tovsesiael cologvs - § = vessesive aundt F=
Co-clominant - ressesive wonthe mased, louf

it will stll Wve the ovamge pgment aswell o
fhe blage/ brown = turtouseshell. Howevey o morkes

oloegnt WM C 7 X chvonsoLmes Qo vessesive

(ewmetinin) Will giways ne masteed-
‘ ' ¢ A yessesive Sex -

lineot gene likely decveases qenetic clivevsity becavse
it is wot Ktem watte expuessed. Must have  Hwo
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QUESTION TWO: Takahé

The flightless takah& (Porphyrio hochstetteri) has special cultural, spiritual, and traditional significance
to Ngai Tahu, the iwi from New Zealand’s South Island. Ngai Tahu value takahé as a taonga (treasure),
and they continue to act as kaitiaki (guardians) of the takah€, working alongside the Department of
Conservation/ Te Papa Atawhai (DOC).

Takahé in a protected colony. o fonn M{Vﬁ

Genetic analyses and fossil records show that takah& were restricted to isolated areas in the
north-western South Island at the height of the last ice age, approximately 29 000-19 000 years ago.
As the climate warmed, takah€ shifted their distribution, migrating to eastern and southern regions.
The takahé in the north-west South Island became locally extinct. Pressures from hunting, introduced
predators, habitat destruction, and competition for food led to their decline and an extreme genetic
bottleneck. X \yprtleneow  efeeck:

After being presumed extinct for nearly 50 years, the takahé was famously rediscovered in 1948,

The rediscovery of the takahé led to New Zealand’s longest-running, endangered species programme.
For more than 70 years, measures to protect and increase numbers of takah& have included predator
control, captive breeding, and island translocations (moving small populations of birds to offshore

islands). AL townaeus etlect [ migvatiov

Ongoing genetic analyses have found that introduced island populations of takah€ have significantly
lower levels of genetic variation than the main Fiordland population. The island population also has
significantly different gene frequencies. with some alleles becoming fixed (with no variability in the
gene pools) on the island sanctuaries.

Discuss the decline in genetic diversity in the takahé, with reference to the information provided.

In your answer, include discussion of:

. the terms population bottléneck. founder e?’(ct, and genetig/drift

. how the genetic diversity of the gene pools of the takahé have been impacted by these processes

. why the reduced genetic diversity from island translocation is a problem for the takahe
population and how this may be improved in the future.
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Tiae lootlenec eeeect [ population bottlenect S the vapid
olecling ilA v population cdue t0 a cutvastvophrc eveut

oV numan intevvention- We See s 14 the qumﬁ‘ag’m peve
population thvough tihe oviginal popiiation '{loemq

S0 cvawdtically clecveasedl due to Nuwnting  intvoclvced
pveclatovs ) wabifal distyuctionn and competition fov
tood - The (0ss o€ inavidU s wiery wiean Haott allele
Cuequewncies /ojeme ool vaviaton will chauge- e
VRMEIAIVIG o pulgtidn 1S ualiMely 1o iave a yepevesentitive
o€ 1000l - witlh Al the sawe allees, as e o pulaition
eCovk tlne catvstvolaic euents - clecveasiugy genetic
civewsity. The Coungevs eeeect s wiwve a Suma/
pvopovtion of a populaton v grorte / loecowe
iSolated | wiaieh eess ool They estaloliSin theve
owin population, with a cittevent gene pool. Agaiia
this 1new -Smalker popnlt0n's grene pool (S wiiuely
t \oe vepevescuhitive of tha, Ovaginal population
oA fheve iS lilely less genetic vancition due to
alleles gettiig [0St- We See (his in the takaue
Whenn yvedatoy comtvol, captive lpveeotivig auof
tvonslocation asweé/ as miquation qetey the
climate wavmed], , wingve the takahe Wave movedt
10 new locarouns migua tion) ov been Coveed €6 muve
(fvoavs loction) aad (?Aaue establislhrect MW oert
pools /populdtions tlaat would be less oeneticaily
diveuse, as alltes Wawve likelly been veduced /lost-
Gewetic ovitt 1S the Change o€ allele fuequencies
ovey time, cline to vandomn Clhaace- [t e®ecks e
W Muda smaller  tlahe popnl ot ops
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QUESTION THREE: Lethal alleles

In 1907, Erwin Baur carried out research on the snapdragon plant, Antirrhinum majus, and studied the
condition known as ‘aurea’, in which some plants produced golden leaves instead of green leaves.

In this plant, the golden-leaf allele (G) is dominant to the green-leaf allele (g). When crossed with its
own type (aurea x aurea), Baur observed a 2:1 phenotype ratio of golden:green-leafed plants, instead

of the expected 3:1 ratio in the offspring. .\ 1RYW A (WOt @X\p VeSS ecl)
By carrying out a number of test crosses, Baur concluded that all of the surviving golden-leafed plants

were heterozygous. Homozygous dominant (GG) aurea plants lacked normal chlorophyll development
and never survived. A_ letaol olele

Baur is now recognised as the first scientist to discover lethal alleles in a plant, although they had
already been recognised in animals, including humans.

G goluen
0 gveun

Antirrhinum majus, snapdragon in bloom.

(a) Describe what is meant by the term lethal allele.
k lethal allete 1S an altee that when expressed
in the genotype, IS WeNev Qlseubed in the phenotype,
it gevevally codes fov a pro- dis-fumctioning
protein that hayws [ eventnally Wills thee
ovogamsm. A lethal alke is o alternatc
version of a gtne fiaat will Wil tie
ovgorism & inawits . Uniess f (s ressesive
anel with a Clonnctt alttle = (Sut dlwclys
expressect [/ auesut always
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(b) In the space below, show the Punnett square for a test cross between a green-leaf plant and
a surviving, golden-leaf plant:

Go9
@ @ < suvviving Qoldevt plawt -

G
% g (‘5 Genotype ratio: ’L’} G% ] 1) ‘3‘3

G% %Cﬁ leaf.

@ Phenotype ratio: L) QO\G lea€y 2 Queewn

(c) This lethal allele gives a dominant, non-lethal phenotype in the heterozygote. However, we say
that the lethality (ability to prevent survival) is recessive in the snapdragon, even though the
colour phenotype is dominant.

Using the information provided, discuss why this snapdragon allele must be recessive for
lethality and why dominant lethal alleles are rare but can be found in some adult populations,
including humans.

In your answer, include discussion of:
the terms and meaning of dominant and recessive allgks

why the snapdragon’s allele must be recessive for lethdgy and how the test cross
shows this

why dominant lethal alleles are rarer than recessive ones, but can sometimes exist in
adult organisms. ~

Downacwt Qlieles ave atieles that wil always be €xpvesed
A the YRNOTYYR, @0y GG - K yessesive allert IS av
allefe that IS owly clisplayed i the phenotype (¢
kS Whomdeygous, v es€ a domivgnt aliele will
wmas it eo ) 69- The Swap advagous lethal
MRIC  wanst e yessesVe pecouse it is not
exessed i the alove punit squave/ all orgunisms
cvossed haye Soygived- Howevey i€ tine fome(e

was dominant, fweve wowld e lethal
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A maneth lowey verke o€ swuuiwly aund th<
puenotypi ¢ voltio wouldl 1ot e the same as
YR genotypcc) 0S indivicuars would dre- However ;
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O\wl‘fth H pvevent Suyyival, lilne” the yessesie :
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otllele 0™ pecoune esteolrsuect tn a geue pool
(home saprens) 6= it vieeds 0 bécome mytuteer. .,
Dovminant eraal alldeg cve pave hecayse
ctviduars that “ave them aernt ively (10 imane
it to the age wieve fuey can Veproctace /pass ¢
on tne gene. because fney ok linely to olie before f
rtprocluchVe age - Otlfmv;[fm with Some exephtions
WM oS hunting R4S oleieserst, Sometives o acw,,,
dowanant el allele ol exst in 0 geme poo(fougg
However, vessesive alleles are v (ve Cveorrent,
becawse ey can be garved withoul weing
apiess- Ry “example D indiviaualy may hait
the ressesive  adflele @', anol €oml  wonnlt
SHll e ot nagpy wnovma/ ke i€ e
vessesive lethal allele (S masked by o
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olovwinamt non- letnal allele- These nclivicuasc

e pav wove likely to Suvvive anol vepvodce,
“pussing ou tuis alleie o vtiner genevctrons
- wmouning e fav move common, awn ot
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pool-— It S oUly When ewA- sygerr TO
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Excellence

Subject: Biology
Standard: 91157
Total score: 19
Grade
Q Marker commentary
score
The response accurately identifies the sex chromosome genotype for a female
One M5 cat, and explains how the presence of two different alleles, F and f, lead to
tortoise-shell fur colour. The Punnett square has been completed correctly
and describes the phenotype ratio.
The response effectively uses the context of the takahé provided in the
question to discuss the effects of genetic drift and the founder effect on
Two E7 genetic variation. It successfully creates links between the two processes,
discussing their implications on the takahé population as the different
mechanisms of change impact the population over many years.
This response uses the concepts of dominant and recessive alleles to explain
how a dominant lethal allele can persist in a population, contrasting it with
Three E7 the more common occurrence of recessive lethal alleles. The inclusion of

Huntington's disease as an example demonstrates a comprehensive
understanding of these concepts.
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