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QUESTION ONE: Snake genetics Wi oy Qotdned o

Corn snakes (Pantherophis guttatus) are considered helpful to humans and are found in different parts
of the eastern United States. This species lives in a wide variety of habitats including wooded areas,
rocky hillsides, barns, and abandoned buildings.

They have ete dominanc@iinheritance pattern forbody colour and scale pattern. The orange
body-colour allele (G) is dominant to the white body-colour allele (g).The allele for striped scale
pattern (B) is dominant to the allele for blotched scale pattern (b). The genes for body colour and scale
pattern are not genetically linked.

Corn snake. Anerythristic Hurricane Motley corn snake.

(a) Conservationists crossed a corn snake homozygous for the orange body-colour allele and the
striped pattern allele, with a corn snake homozygous for white body colour and blotched scale

pattern.
State the genotype of the gametes produced by each parent:
Parent1: (-G RD Parent 2: 9}%\:}0

State the genotype of the F1 generation:

GoPo

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

B | Gb | ¢b | gb

GB | GLRB GLRY| bgB® | Ga®o
Go [6EBYGEYVb | GyRb (Gyvd
OB |G Goblo| 98B |ggbe
90 |GgBb|GgPo| gaBb (gpod

F1 gametes
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(¢) Describe the predicted phenotype (F2) ratio produced by the cross.

(d) The garter snake (Thamnophis sirtalis) is

94 orange Siviped = 3 orange Yokdned © 3 ile Srped . |
Whike \dotohed

another species of snake and has often been bred in
captivity. When snakes are crossed that are
heterozygous for a striped pattern and rough scale
texture, striped (E) is dominant over unstriped (e).
and smooth texture (R) is dominant over rough
texture (r).

With this cross, the observed ratio is frequently
found to be:

7 striped smooth : 1 striped rough :

1 unstriped smooth : 7 unstriped rough Common garter snake.

ER fioked ec Wdeed.

Discuss how genes located on the same chromosome can show both linked and unlinked
characteristics, using the information provided for BOTH species of snake.

In your answer, include discussion of*

. how the processes of crossing over and segregation can influence the inheritance patterns
of both linked and unlinked genes

. the effect of gene location on the observed phenotype ratios

. why the dihybrid heterozygous crosses for these identified traits are so different in these
two species of snake. close. \OQM

Linked. gyenes ave genes Yound/on Yoe some dnromosome. ond
oekired  Unlinked genes gt Sound on @ibher diferent:
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s onlipely Vot Goked: genes will be separoleok
duing  trssing oves 05 Wy are close Yogder, and

Weely Yo e ylertied YogRMner (oot 1 possiole)dndepemient

Biology 91157, 2025 13177



Uhiasma

204

hornotegous —cRrorMesses
ong tne  cell wm/ar\&mseck .

\Q&Q—\leok&ﬁc\ﬂgj Ao each other. Tnese \“0‘““0\080\)5 Qdm S
\MW&W%MM Ybe on dierent

S 5 =
ladked. genes Yool dsenttseparoled andcunlidRed_genes on f
e Sarme- QW“W‘ \*“ VAR, WQ ‘.‘;
: : Prese Yeaiks il \oe \ahested [
- o0 8QX\€5 Wg co\oUC ((7, 6\ andl SLO\\Q‘Ja\'\?ﬂ\
Br(®)0) ose volitked; g0 € tree genes awe g Yound on ;
e Same Jromosone, by ofe Vo oot and A dosnai
can \Rely S oelueen Hnem dufing CC0ssing vt and  F
Poey cold e \Memﬂh@-mﬂ- Tais s Why the FL
gormies for Yre cory gnoke can prodoce o W vasiehy ok
hiksent genolgpes ond a A3\ i, Nowever Yre _
gacks sodlRe  (coss produced o 7:\. 7\ {oM0, with We 17
Mogoridy of  gendypes being homozggpus Tur beth teals. |
s o soggests  that Wente bhe dominan: allRles: E ond |}
R ove \mhed, and Yhe feessve dlleles: @ € and ¢ are alsol,
Lilked. Tris eneoms Yese alldes oe Sound dae Yogether on |
e some dnromosofe and wek mostly ynaleded by [
CXOSSING)  OVRE and | IR d(\ﬁ\SQ\Ducm\ed) o
i\ N\r‘(\o\@o Phee wees 1o sK\ a %a\\“{;‘le\mc@\uge, ot :
helesozggous genodrpes produced from s cross, meoning |
Voete's o small dnonce o€ ne wred gRnes bding sepocaed. |

Biology 91157, 2025 13177




e
"ol )
L
»

v.”
»
.
-
|ofie
e
1o
LA
e
.
-

Y 3 Vo A 3 P e G N\ B
“u CRSee Pt P o S Liee s hia N e Aty el PR

5

fhis s wdngy both dinybnd hekro2ygovs crosses showrd
Mflsent droits despile being Yhe same Lesga. The \oherited tranks
{or VPne snaRes 1S dependent on \neMiec Yhe genes ast Sound
o We came  dncomosonre, and 1€ ey ee linked oc
onlinreel .

2 T 15 Wy Yre prost commnen ?\\ﬂ\b%?% far e 80«'\«
snake were Srriged ; Smookn and. unsteiged, fough, Becowse
Prese baks o hioked gy bogeiher.

Segregation Can af@ck yrlideed genes & they a@ o dilerent
drsomosomes, and can thefore loe Separaed during s process.
Sgregatn 15 e grocess where gilele polts A separeied
nfe diferent gomels o Prok ouch garde oy gels one allele
Ror & Qene., \inked, genes Mostly cantr e g yaed vecoase
the alldes agt clost tegder otk o0 Pre Seme docarnosone,
soWey Wil Stay legeher UNLESs Yoen have been Seporoked
doring WS, crossing over; And o on digkeent
ANromOsdames: Valinged 8(21\9,3 Nay also oo wa&&c\{c’l\o:j_
Repegation & ey ar onses ataked doﬁ\\g CrosSSINg aver
o0 Sound on Yhe Same dhvomosemg |

(\8‘\0& '\nde ndet  pssorteneny d&@r\i\{on, o\nc)\ Coaut 5&0(@
Yoaks  (rossed ook oot W\A\\@mm I &8@8&1@

Biology 91157, 2025 13177



6

QUESTION TWO: The New Zealand giraffe weevil/ pepeke nguturoa

The New Zealand giraffe weevil / pepeke nguturoa (Lasiorhynchus barbicornis) is an insect endemic to
New Zealand. The most notable phenotypic variation in this species is observed in males, particularly
in the length of their snout, known as a rostrum, and overall larger body size. These phenotypes are

influenced by Wﬁ and are subject to strong sexual selection (mate

selection) where fem

choosing the males based on their phenotypes.

New Zealand giraffe weevil.

The table below shows the common distribution of these phenotypes:

Plains).

Smaller offshore islands
North Island South Island {liuaieg forl S T ety
resources, smaller
populations)
Long-rostrum | Dense native forests Dense native forests
males e.g. Waipoua Forest, (e.g. Fiordland National Phenotype distribution
Tongariro National Park). | Park, Westland Tai Poutini | {5 far more random and
National Park). shows less relationship
Short-rostrum | More open or smaller Drier or more open to the dominant type of
males patches of native forests. | habitats (e.g. Canterbury | vegetation.

Discuss what factors may cause%frequencies in a gene pool to change, using the information

provided above.

In your answer, include discussion of:

. how the gene pool of the New Zealand giraffe weevil could be affected by their mi tion
between habitats AND by genetic drift

. how sexual selection (mate selection) and natural selection may have influenced these two

distinct phenotypes of long-rostrum and short-rostrum males.

Biology 91157, 2025
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QUESTION THREE: Blood types

If a patient needs a blood transfusion during surgery, it is essential to match their blood type correctly.
Receiving the wrong blood type can cause serious, potentially life-thw

Blood types
Blood type in humans is controlled by multiple
alleles. The alleles I* and IB are dominant over i°. Phenotype Genotype
[*and I® are examples of alleles that show A [ALA, [A{O
co-dominange.
. B bl L o i
The pedigree chart below shows the blood
types/phenotypes of two children and their parents. AB bl
O i%°
Pedigree chart
Parent 1 Parent 2
Key
male
O female
AB A
A AB
Child 1 Child 2

Discuss the inheritance of these blood types, using the information provided above. You may include
a Punnett square to support your answer (optional).

In your answer, include discussion of:

. what is meant by the term multiple alleles

. the possible genotypes of Child 1

. the difference between dominant alleles and co-dominant alleles

. how to determine the genotype of Child 1 using the blood types of his children, if his partner
is a blood type O female W“dm U\\O*“(g ™

. why the determination of Child 1’s genotype may not be guaranteed as correct if determined
using his children’s blood types.

Biology 91157, 2025 Yeir
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Extra space if required.
Write the question number(s) if applicable.

\On% COATUMS, but Yexe will still be snork dee Yo
environnentdl facrors. OR Ve sner costrum ghendhypee
e the moe Covourabe, cnok oenefiaal theng
&“\3 d?‘\e(fo?m/ smal hobitak so \3(\?008\« r\o&?:\:{?/t\\O?C
selechon  ondfoc Sexoal seledion, ¥ae Snordt coshrun
\(\Qx\o\twe/ % \ovoored by Nakdr andloc &Jm\\ﬁg‘ ard
\f(\osfc v iEn \“\N‘A\' ratr wil ?OLSB down \‘n 0 ?ONTAm\dL
eles Y0 ofpring - s increases he Wequancy of Pre
snory cosun alde In Vhese, arews.
W\\am\u\on ‘hween populalions can also dnonge alllle
Tregorndies. When weeuls fon o forest popdation yino
have Ve alldes) for o \mg costrum m\cj\‘uk Yo andthes
Lovest ?op\s\u\‘?m R o anie/ O\DU\[ senol\ Qc)po\ghor\. \N\@j
Yreed and eEEBRN \naeose Ve Q&q/uex\% of Fheir
(\ong) ms‘mjxﬁ) allle witnin Yok Qo\)\)\ckR N gent poc)\.
(Nigrahion  increnses Yoo Regoency of an allde n one
?ow\o&\m and  decregses e ‘?ceqyex\cd of Yhe alle §in Pe
orner.  Overa\\ W\TSMNI'\ naeases  aflele ({?eqymc)\es
oehuren populelions, ouk makes gene podks \oehuRN

popations o Similar, and decegses genekic tasaNay

Biology 91157, 2025 13177



Subject: Biology
Standard: 91157

Total score: 21

Excellence

Grade
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Marker commentary

One E8

The response explained:

e the patterns of linked and unlinked genes, using the ratios
provided in the question for the named examples.

e the processes of crossing over and segregation, linking them
to the idea of linked and unlinked genes found on the same
chromosome.

The processes were linked to discuss the ratios found in both the
named examples.

Two M6

The response explained:
e the process of genetic drift and its effect on a small population
e the process of natural selection

The response could be improved by explaining a selection
pressure for the different environments and link it to the named
examples correctly.

Further explanation of the process of migration and discussion of
both the processes of genetic drift and migration in relation to the
random phenotype distribution would have allowed this response
to reach Excellence level.

Three E7

The response linked the inheritance pattern shown in the pedigree
chart in the question to explain the genotype of child 1.

The gametes for child 1 and their partner were explained and
linked to the observed ratios for both the genotype and the
phenotype of the offspring.

The response used percentages to link the idea that the genotype
of child 1 cannot be guaranteed using the information provided in
the pedigree chart.

Further discussion of the patterns of complete and co-dominance
using the genotypes of child 1's parents linked to the possible
genotypes for child 1 would have satisfied the second Excellence
criteria.




