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QUESTION ONE: INHERITANCE AND MEIOSIS

Roses display complete dominance in both their flower colour and in their susceptibility to some
diseases. The allele for red petals (R) is dominant to the allele for white petals (r). In addition, the
allele for healthy leaves (H) is dominant to the allele for being susceptible to leaf lesions (h). Leaf

lesions are spots on the leaf that are very prone to disease and injury. The genes for petal colour and
healthy leaves are located on different chromosomes.

Teaf with lesions. http://www.tophdwallpaersland.com/red-white-rose-wallpaper.
https://edis.ifas.ufl.edu/pp267 hein

A rose that was homozygous for both red petals and healthy leaves was crossed with a white rose
that was susceptible to leaf lesions.

(a) State the genotype of the F1 generation this cross produces.
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(b)  Use the Punnett square below to show the gametes of the F1 cross, and all of the possible
genotypes of the F2 generation. o
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(c)  Describe the predicted phenotype ratios produced by this cross. ASSESSOR'S

/ [ he predicted  phenotype ratio - produced by his
coss 15 all (0o0r) red petals and hearthy leaves
a5 all +he offvering  produced are  heterozygow
(Rrith) g0 the  dominant alleles completely mark
the egrect of the W recessive a//e/ef//’
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Discuss the processes that produce genetic variation during meiosis, and how gametes differ
from parent cells.

Your answer should include:
a description of meiosis and the type of cells p/r?duced by me‘i/o\s/is v/

an explanation of the processes of independent assortment, segregation, and crossing
over

a discussion of how each process contributes to the genetic variation of cells produced.

You may use diagrams in your answer.

/Meiosis s a seecial tyre of cell divisior usred 1o
produce both wale and temale  gameter (ovum n the
feraler ard rverm for ma/éf). Through the processef  of
/'ndfelf’é‘ho/wf, afforfment Jeg%’gmbﬁ ano/ cragimng  over,
meIosis  rerultr in the production of ( daughter
cellr. Gameter are reproductive  cellr thgt contain  +he
haelord  aumber of ¢riginal  chromoromer (2’5). I
(yossing over occurs during  imeiosiS  winen %omoloqouj
poirf of  chromofomes line up af the el equatsr -
and  on-sister  chromatidy exclange  fections of DNA
Becowse they are exchanging sections of ONA,
therefore gener, thir  beaks up the combination of

aligler  hat were  inkecited together, by +he parentt.

Thiy  meany they witt hove difterent cumbination,” faaem *

the parents grd  H o will lead 1o genetic wariation!
bengtic variation 1 the  diffecences  amongst indivdly
n o population, coused by genetic  difFerence (genviypic
vom‘ahom) or by eftects of the  envivnment (ﬂk(’nm‘yf/'(
wiation. Independent  asortwent ir  the  segregation
and asjortment  of (hrowosomes  +hat  led  Ho

each gametl beirng genetfcally unique, During

indepludent ogortment  chcmosamer line  up  vondomly,
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QUESTION TWO: NATURAL SELECTION IN MOA

A large body mass is an advantage in cooler climates because its low
surface area to volume ratio helps animals to retain heat. Many examples
of this, such as polar bears, walrus and large polar sea mammals, are seen
today.

Fossil evidence shows that during the last ice age, the population of
heavy-footed moa, Pachyornis elephantopus, contained much larger
individuals than the same species of moa that existed during warmer
times. As the ice age ended and temperatures warmed, the fossil evidence

shows that the heavy-footed moa’s body mass became smaller again. http:/collections.tepapa.govt.
nz/search.aspx?term=Heavy-
footed moa

Change in moa body mass over time
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Moa body mass data calculated from femur bone circumferences.

Worthy. Trevor H. and Richard N. Holdaway, 2002. The Lost World of the Moa, Prehistoric life in New Zealand
(Indiana University Press. Bloomington), Table 5.6, p. 20.

The large body mass allele may have entered the population via a mutation.

Discuss how the allele for large body mass became established in the heavy-footed moa gene pool
during the last ice age.

Your answer should include:
. a description of what a gene pool is v/

. a description of what a mutation is and an explanation of how it affects genetic variation in a
species v/ ‘

. a discussion of the process of natural selection and how it affected both the body mass and the
gene pool of the heavy-footed moa %

. a discussion, with justified reasons, why the body mass of the heavy-footed moa returned to a
smaller mass once the climate warmed again. ./~ . e ——— R e .

A gene pool Ir +h€ wm! fum of all the difrerent
alleles  found 1n a Yopulation, A wutation 5 a
permanent change in the bose  fequenc® of  DNA
and an gt ) occur  wnoturally during  ONA
oy y during oA,
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| yeplication. Theve are 3 tyres of muiations; Sitent, hanmed! —
o beneflaal. Silent s when 4 haf no observable eefecd g
the organism and harm{ul 5 when 4 may etrect 1he
survival of ke organtinm. [n +his cage, 4he mutation +hat
created a new allele for lawge body wass esablished in
the heavy- footed wmoa gene pool dury the last ice age,
WOS a beneficial wutation. Thir is beause i+ gave +he
moa a  survival advantage against other members of
the rorulation, and helped the wioa 0 suryive A v tig
the aid e age when others may  have died fiom Hhe
cold. Due 10 thif mwtation, i1 1ncicared +he  genetic
vacation in the  heavy- footed g gene ool as it
alowed or diverrity  between  iodwidualy 1w 1he POPU 10710k
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fieeting  tewmperatuies, some wioar died, wheveas ot her
were  able do jurvive becawe of Yhir  beneticic/
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QUESTION THREE: GENETIC DRIFT AND MIGRATION

Many of New Zealand’s native species have suffered
population bottlenecks due to hunting, introduced
predators, and habitat destruction. The Department of
Conservation has successfully saved some of these species
from extinction by moving several breeding pairs from
mainland populations to predator-free islands. However,
maintaining genetic diversity on island populations can be
difficult for many species of flightless birds, such as the
takahe, Porphyrio hochstetteri.

www.nzbirdsonline.org.nz/species/south-island-
takahe

Discuss the issues of maintaining genetic diversity in
small island populations of flightless birds, such as the
takahe.

Your answer should use the takahe and include:
. a description of what genetic diversity is '/

an explanation of how allele frequency in a population is affected by genetic drift and
migration

o a discussion of how migrgtion and genetic drift affect genetic diversity of flightless birds on
small island populations compared to larger mainland populations.

//&emeﬂc diveisity ig 4he  mearure  of ditrerent gepef/c
" combirationS within .a géne ool Allele  frequency

y the oCCurdnce of a4  rarticular alkle Within a
gene  rool. AlleIE  frequenty in a  population  ir
deamatically impacted by genetic  datt  and
migration. Genetic deivt  dejcrnpes  how  the  aitele
frequency can  change due to  chance vather thas
feleCtive  presyure. Beiu/e  genetic driet @

i caused by chance, this  could  mean that
some atleles could  be lost. Becawe i 1T a (mall
Sland  popuations of  lghtle)/ L/m/[ thiyr  meanS
that genetic  drifd  will  have 4 gregter  impoct,
as 1t nol only could  devease  +he aliele  frequency
of  cectarn  alteleS however H wuld yemove the atlele
ompletely  Fam  the population. This  would decrease
the  Gevetic diersity within the papylation, yet rncreo¥
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Hat @emeﬂ( o’hver ity between popuertions. Loy —
w0 lorger  mointard  popuitations
howeve/ qemem drz{f witl - not  have such a huge
impact on  the geretic  diveuity gy W@W
the  population 0 bigger Jo allele  frequencies  may
reduce, but Hoay” WOI/M‘ be tully vemoved From  +he
gene  POO!, or at leowt [+ iy very unligely. This woud
allow for  +he birdsr to on+nué );leédmg onrd /ege/ocm%(’
the ollele frequency back 40 # origina! riate g
@ mepm//ng that it _would ypgt  decreare the
genehc  divesty. Mg Migraton 15 the emigahon
(W)ovmq OW) or ;mm/gmﬁm/} (mowmg /m) of argQanyins
1 a populotion. If bird)  ewgrate  from o popuiatin
and  move into a  pew oné, this wodld have a
Negative  imeact dn  the qgllele  frequercy (/é ob
the original popuiation by decreasing the arlele
frequenty @ H will be  taxing owoy allele;  Fron,
the population, 0 the  bids  were 10 Gupmns
imorigrate, +hir  would increase  the  otsele rrequercy
of  the poFUIa +ion 7%6’(/ ar¢ mowving  n70 gy 1
Contributing — more  alleles. On sumglt ivland populatosn,
ongratio”  has G Significant impact by rncreasing
tht  genetic divesily g +they are 4 very  few
alleles and (om+r/bu+m9 maore {W%mem(rmfa
gt netiC diversi+y. 0g lovges  manniand populations
however, 4+ would  noet  have s much of ap Impact
0 genetic AVEITHY, unlerf  was a large group
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Write the question number(s) if applicable.

beneficial - phenotypes terd  fo o WWW%@ ,l

ffln€mo+yp€f +emd 0 be lot Becaufl +pp  mutation
of the lage body mass  allele was/  favourgble
dwing the  Hime of the e age, natural
Jelection acted on thy by removing g woas
(amd theiv @I/P/Pf) tHhat fa/'/{’a’ 0 ,Dma/WP OftTfr /g
n  +his envivonmertg! (m,/og@ &//m/ //zfﬂom/
increase  4he  number  0F  moas (and  their ateley)
that were rarticularly godq’ at ﬁw/w/'/vg' O1tIF 111
in  +he  saime Sttaation. This  rerutted n
higher  allple frequency  of large  body imass
in  the 9ene  pool, of +he /oeowg/-foafe/ maa.
When 4he  clinate  warmed up again, thiy ment

fo  the few moas  lepy Carrying  +he  finaller
body wags alleles, curvived and "~ fuccesrtany
pfodw(ed offmrmg, Gy O(Omg Ja, M%I{hae@f@&/

the auele {‘rea)memcy 0f  fimoller JSW/y vrayJ,
and wore  swalter  body war woeas  were
frefert  in the  gene oyl Theretore the relective
presfure  of the ice age  ollowed for large  body
WOSS eBzeAE  vog)  fo thrive, aithough when +he
(Lm0t he@me  warmer, fhy selective prefiurt
inrtead  fovoured Simalter Jzody wmafs), as  the

Nno IOV\O)‘QV meeded 16 Leep WQ"M_,,}/, ————
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Excellence exemplar for 91157 year 2016 ‘ Total Score 22

Annotation

E8

Candidate has made errors in (b) and (c). However, candidate has provided a
comprehensive answer to all parts of section (d). There is a very clear discussion
with each of the processes namely, Independent Assortment, crossing over and
Segregation and link to how genetic variation is provided. The answer is a holistic
E8 ( top down marking) as candidate discusses and justifies the reason as to why
these gametes are distinctly different to parent cells.

E7

The answer is a holistic E 7 because the candidate has clearly unpacked the
guestion and provided a solid discussion on how the mutation for large body
entered the gene pool and provided a survival advantage to the Moa and changed
the allele frequency. A large amount of unnecessary information on types of
mutations has been provided which was not required. The candidate also provides
a clear indication to show that there exists variation in the original gene pool and
it changes over time due to the mutation. The answer provides no evidence to
justify what survival advantage a small body mass provided to the Moa in the
warm periods. This is why it was marked at E7 and not at ES.

E7

Candidate provides a very clear, well-articulated discussion to compare how both
allele frequency and genetic diversity affects mainland population and island
population. Comparisons and justifications are elucidated further with a diagram.
No mention is made as to how flightless Takahe can be brought into the island (eg
by DoC in future bird transfers) or removed (Eg by sudden death in island
population) to support migration (addition or deletion of alleles from gene pool)
in small island populations. Script has been marked at a Holistic E7 as candidate
has provided a clear understanding of genetic drift and how it affects the two
populations in terms of genetic diversity.






