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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.

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

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.

moﬂ@ﬁRVth

(b)  Use the Punnett square below to show the ‘gametes of the F1 cross, and all of the possible
genotypes of the F2 generation. -
KHH

F, gametes

R | RR | RH
rh | ReHh| Redh | ReHh | ReHl
reh cly |ReHh | RrHh | RrHb [RrHh
T e [Retin | Rt e | Re
clh [ReHh| Rebh | Rrth [Rr th
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(c) Describe the predicted phenotype ratios produced by this cross. ASSESSOR'S

r/ﬂne predicted phenotype  ratio produced by this
cvoss 1f  all (100/) ced petalr and  hearthy Icaves
a5 all  the OtfrPring ,vrodua?o/ are  heterotygo
(Rrith) 50 the  dominant alleles  ompletely mart

the effect of the recessive  alleles, ///
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Discuss the processes that produce genetic variation during meiosis, and how gametes differ
from parent cells.

Your answer should include:
s

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

a description of meiosis and the type of cells p}?duced by me‘i;)\siis v/

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

}’e may use diagrams in your answer.
/Wlezoﬂf i a seecial type  of cell divicion used 1o

froduce both wale and female  gameter (ovum n the
feraler ard rvenm  for malef), Through the processef  of
independent, arortment seqgregaton aro  craming  over
meiosic  refultr in the  production of { daughter
celll, Gameter are reproductive  cellr +Hhat  contain  +he
haploid  aumber of original chiomoromer  (23). |
(rossing over occurs during  meioss when  lomologous
ooirr 60 chromofomes line up at the (el equatdr -
and  ou-sirter  chromotids exclange  sections of DA
Because they are exchanging sections of ONA,
therefore gener, thir beaks up the  combination of

alieler 4hot  wee  inberited fogethes, by  +he PO%%OJQO

Thiy weany mey will  have  different ombind#on,r” trasm

the  parents and  Hhr will jead 1o genetic wariation!
benttic variotlon 1 the  diftecences  amongst indindla
i a  populotion, coused by genetic ditrerence @'ﬁmypf('
VO ot rom) or by eftects of the  envionment @hmm*ym
woriation. Inderendent assortwent 5 +he Jeqgregation
and agfortiment  of  Chrowosomes +hat led o

each gametl beirg genetically unique, During
indepewdent ogfortment cnomosgmes line up  gordomly,

‘@ Becotle they line uf in no particular esk orden
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N any  Qmbinaton of alléler. In Fact ip humory

chiomosOomes  means +hat thee are over  § mithiom
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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

4
. 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

//H gene pool ir the  ttal sum of all  the difrerent

alleles  found in a vopulation. A wutation 5 a
permanent change in the bose Jfequenc® of DNA
and can geamt ) occur  wnadurally during  PNA )
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// replication. Theve are 3 types of  mutations; STiEnt, hanmfu!  pesss
o benefical. Silent s when [+ has no observable eerecd pn
the organism and barmful 5 when # may efrect the
Survival  of e orgm?_ifm ln +his case, the mutation +hat
cveOHE’d a negw allele  for largc’ bodg mass established [n
the heavy- footed moa gene pool duriy  +he lasf ice agée,
W05 a benedficial wutation. This s bewuse i+ 9ave  the
moa o swival advantage against other members of
the ropulation, and helped the mon 10 survive A1 1ing
the ald ¢ age, when others way have died fiom the
ld. Due 4o +his mutation, it incieared Hhe  genetic
varation in the heavy- footed woa gene pool as it
allowed @ diversity  between individuall i 1he POP U Ia10)
S0 +Hhot  when  the envivanment  puddenty  changed 1o
fieeting tewmperaiures, some wioor died, wheveas cther
were able Ho furvive becawe of thir  benehicio/
mutation. The wmutation that created Hor new alele
may bave resulted due to g cluomonmal mutation o
A 9ene  mutation. A chiomonmal mytalon agects  whole
genes, it I /r'rply t occur due {0 problems auwed
dun'mg meOIS 0r expofure o mutagens (ommon mutagens
(nclud e chemicals th al +hose  fourd jn  fatty Foods)
codiation s o wHro-violet light, i+ refultd  ir (Mngap/
in +he number of chomopmes in a  cell or changes +
the  ffrycture of a  chiomolome, Gene mutations o, the
0ther hamd, oCum o o muCh faller  saale +han
bloci/chiomesomal  mukations a5 i+ affectr the boge sequence
of DNA as oppored 40 o blacr of Jenes of an eptHre
Chiomogome. Notwral pelection 5 when  individudls w%;}/ =
“—p ((am;nupd on bark) 4

—
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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 v/

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

/7Geme+rc druemw is 4t  mearure of difrerent genefic
' combinations  within .a géne pool. All¢le  frequency

iS Jr_lo? oCCurgqnce of a particular —alkelf w_Hh(h a
gene pool. Allle  frequenty in a  population i
deamaticaily rmmﬁpd by genetic  drift and
migration. Genetic  deitt  deferipes  how  the  aitele
frequency can  change due fo  chance vather thay
feleCtive Frejiure. Beause gf’meff'( afr/'fv‘ @

s cauged by  chance, this could  wean that
jome  alleles could be lost. Becawe & if a (wall
sland  popuationg of  ¢lghtles)  Licds +hir means
that  genetic  deiftt  will have 4 greater impoct
as it wnot only could decvease  +he allele  frequency
0f  cectarn  oallelel  however H wuld yemove the ariell
ompletely  Fom the opulation. This  would decrea/?
the Genetic dwerfw Within  dhe rapylation, yer (nCreast
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Hot @emeﬂ( a&wew between  popuartions. Dagues— —
Mg tingaie |, lorger  waintard  populations
however qeme+rc ofr 1 will ot ave fu(k a Wye
impact on  the genetic divenity, o deeepemipmos
the  population o bgger Jo allele Frec;wemef may
reduce, but ey "Wont be ful ly vemoved From  +he
gtne PO, or at leowt H 5 very un licely. This would
alow for  the birds 16 @ndinue biedling ord regepematc
the allele  frequency back 40 it griging! riote; s
@@ megnirg  +hat f%_wwz’a/ nat  decreare +he
q{’meﬂ( oqllff’rﬂv‘y Wavesr Migration 15 the emig G fiop
(moumq OM*) or ;mm;gm%mr) (mowmg m) of  9rganyms
1 a population. If  bird)  epugrate  from a popuiatin,
MO{ move (rfc g  pew one +hir would MJV_P a
Neqgative  imeact odn  the allele  freguercy @w 4 on
the origrnal popuaiion by decreasing the ailele
frequenty @ H o will be taking oway alleles  Fron
e ropulation, 0 the  bids were 10 Gupmns
immigrate, thir  would increase  +he  ausele rrequercy
0f the population they are poung  nto ar i s
(Omtribt/lﬂmq more  alleles. Op rwall  irland ropulations
wigratio?  hos a Signiticant impaci by rncteasiing
the  genetic divesity oy they are 4 very few
alleles and (0m+rf£uz+mg more {wv‘ﬁzﬁmm(maﬁj
geaetC  diveriity. On  lorger  mainiand  populations
howerer, 4 wounld Nt have as ;’Mwé of an  I1mpact
on  genetic ATy, unlef 4 way d large  group
of  birds migrating, Thit i becaust  the big popu{ :‘Uh
already  has  many  allelel and Brzpegerasabibgieos '

m many  0r90nm/  art romfﬁmi mg fo//
—F
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beneficial  phenotypes | terd {0 o frf’jen/?d@’
ina_ population white wdividuals with unfouab)
phevotypes  terd {6 be ot Becaws e wutation
of the lage body woss allele wos  favourable
dwing the Hme of the (e age, natural
Jelection acted on thy by remouing 8 moay
(and  heiv alleley) #hai ¢ored 1o produce  offipring
in  +hif  envivonmenial Chahge ard  inrtead
increall  4he  number of  moas (and ~ beir a//f/,oy)
that were rarticularly goda/ at /ﬂim/f//f/hg 01¥IPI1rg
n_ +he  same Srtvation. This res [/z/ﬁ?a/ n a9
highe: allele  freguency  of large  body imass
in_ +he  gene pool of the  heavy- poted moa
When the clinate  warmed up again, this ment

[0 the few wmoas leps Carrying  +he  fimaller
bodg mass  alleler, curvived and fuccesrtally
produced  offrprivg, By doing 10 sehd” Tncreared

the alele frequency of  pmoller  body vrafJ,
and wore  swaliec  body war meay  were
freferd in - the  9ene ool Theretore the relective
presfure of the ice gge olowed for lage body
WaSS eeBzeAs ol fo thrive, atthoudh when +he
C(limak,  beame wWarmer, thiy - selective  prefure
inrteod  favoured  pnalier body way), as they

no  longey needed  # coep warm/) T __——
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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.




