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Question 6

STRAINS
MEDIUM Wild Type Mutant 1 Mutant 2

Treatment I All amino acids present + + +
Treatment II No amino acids + - -

present

All amino acids present
Treatmentlll | by ~EpT methionine * *

All amino acids present
Treatment IV EXCEPT leucine + +

Table 1. The data show the growth of haploid Saccharomyces cerevisiae yeast
strains on media that differ in amino acid content. A plus sign (+)
indicates that the yeast strains grow, and a minus sign (—) indicates
that the strains do not grow.

The yeast Saccharomyces cerevisiae is a single-celled organism. Amino acid synthesis in yeast cells occurs
through metabolic pathways, and enzymes in the synthesis pathways are encoded by different genes. The
synthesis of a particular amino acid can be prevented by mutation of a gene encoding an enzyme in the
required pathway.

A researcher conducted an experiment to determine the ability of yeast to grow on media that differ in amino
acid content. Yeast can grow as both haploid and diploid cells. The researcher tested two different haploid
yeast strains (Mutant 1 and Mutant 2), each of which has a single recessive mutation, and a haploid wild-type
strain. The resulting data are shown in Table 1.

(a) Identify the role of treatment I in the experiment.

Identification (1 point)
e (Positive) control (for yeast growth).
e To test the viability of all yeast strains.
e Treatment I allows the researcher to be confident that changes in experimental outcome are due to
differences in treatments.

(b) Provide reasoning to explain how Mutant 1 can grow on treatment I medium but cannot grow on treatment
I1I medium.

Reasoning (1 point)
e Mutant 1 can use methionine when it is present in the medium, but Mutant 1 cannot synthesize
methionine.

(c) Yeast mate by fusing two haploid cells to make a diploid cell. In a second experiment, the researcher mates
the Mutant 1 and Mutant 2 haploid strains to produce diploid cells. Using the table provided, predict whether
the diploid cells will grow on each of the four media. Use a plus sign (+) to indicate growth and a minus sign
(-) to indicate no growth.

Prediction (1 Point)
e There will be growth (+) in all four cells of the fourth column.

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.



PAGE FOR ANSWERING QUESTION 6

STRAINS
- Diploid Cells
. Produced by
vepioy | VT |y | o |
' T Mutant 1 and
_ Mutant 2
All amino acids ) -
Treatment I present + + + +
No amino acids
| Treatment IT present + - - -+
. - | All amino acids ' , :
Treatment Il | present EXCEPT + = + -\
| .methionine .
All amino acids
Treatment IV | present EXCEPT + + - +
leucine
O TXCOMMANE T 1S 0 Comol, Tty easues Haar @l
QF e YenSTs CoNn cCovndue. 1N o poxrmal Se ‘Ph\/\%(

) MM hoS o Singgle eCosswe. Mustemien

PoOr O 1 o OO Ri%i/\% e nicnino |
O Sunwises, AnIATCNeM T wecausSe al\l of

N0 0N\NG Geids Oce Dreset- vt I Cannet

SUVWE 1N e0ime oo ]I\‘ >ecouse \N\D\\J\r\\gv\;y\o
AS oY 00 S :

Unauthorlzed copyling or reuse of
any part of this page Is illegal.

GO ON TO THE NEXT PAGE.

-25-

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.



e

PAGE FOR ANSWERING QUESTION 6

STRAINS
Diploid Cells
Wild Type | Mutant 1 Mutant 2 Produged by
MEDIUM (haploid) | (haploid) | (haploid) Mating
: Mutant 1 and
' Mutant 2
All amino acids ‘ :
Treatment I present + -+ + g
Treatment II No amino acids + _ _ _
present
All amino acids : . :
Treatment III | present EXCEPT + - + +
methionine _
. All amino acids )
Treatment IV | present EXCEPT + + - +
leucine

a\ The  role. o freskmert | in e - exp eriment
Wed  to ard  as  the - ponteol |
b) MMJ(TMA— L con  apod  0n  freatmert | med i
vt comot  prow 3’) ~ trtatment T meeliuw
bheoepmrse, 4 Ql/l&‘d e mMuborbhon gt lolockes -t
syresis  of  the  aumiine acsch  petlion ine_ meaning

J

thok e vequire /x,(,Mrmfu %Am;}e@L metllosiae
4}0%- i e/wirpannent: mo(’ sidce  toectmot 1L |
Xaaml Mellhionine gk dyeotyupst | icln € Mutzunt- |
couldn't %\fm,r A brepdppnt, L

Unauthorized copying or reuse of

any part of this page Is illegal. - [ : GO ON TO THE NEXT PAGE.
-25-

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.



PAGE FOR ANSWERING QUESTION 6

ol

STRAINS ’
Diploid Cells
. Produced by
weprow | Ve | Ml | Moz |
_ Mutant 1 and
: Mutant 2
All amino acids
Treatment I present + + + -+
Treatment II No amino acids + — - —
present
All amino acids :
Treatment III | present EXCEPT + - + -
methionine
All amino acids
Treatment IV | present EXCEPT + + - -
leucine
(6) Trecdwment |\ _Sevves oS o rput)l  vack  uwall e  useol

Hag

oAl b tvearwaa o

] WD o

(o) Mttt \ vequines metionwing W he presemht wm ovplon o

avo), The only vamiable netween Trecdusout T ool Tuveatvwsut

:ﬂ[ & hwe tl|>V\0£€AAf~L of 'Miom.u_.T\Aum,h;m, =€ oaYoseuce

w1 Treatwmont T

umat  Caumsed

pMutomk L po worgaw,

)

-| Unauthorized copying or reuse of
any part of this page Is lllegal.

Visit the College Board on the web: collegeboard.org.

-25-

© 2019 The College Board.

GO ON TO THE NEXT PAGE.



AP® BIOLOGY
2019 SCORING COMMENTARY

Question 6
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

This question presented students with a data table indicating the growth of three different haploid strains of
yeast: a wild type strain and two different recessive mutants (Mutant 1 and Mutant 2). The table showed the
growth (+) or no growth (—) of the yeast in four different treatment groups based on media containing: all amino
acids, no amino acids, all amino acids except methionine, and all amino acids except leucine. Students were
asked to identify the role in the experiment of growing all yeast strains in the medium with all amino acids
present. Then they were asked to provide reasoning to explain how Mutant 1 could grow in a medium with all
amino acids but not in a medium without methionine. Finally, students were asked to complete the table to
predict if diploid cells produced by mating Mutants 1 and 2 would grow in the different media. The students used
their understanding of experimental design to help respond to this question. They also needed a basic
understanding that cells must obtain nutrients from the environment if they cannot synthesize them and that
information about growth in specific environments can help determine what mutations are present. In addition,
students needed to understand the inheritance of recessive traits and to apply an understanding of the expression
of recessive mutations to haploid and diploid cells.

Sample: 6A
Score: 3

The response earned 1 point in part (a) for identifying the role of treatment 1 as that of a control. The response
earned 1 point in part (b) for explaining that Mutant 1 has a mutation that prevents it from synthesizing
methionine, but it survives when all of the amino acids are present. The response earned 1 point in part (c) for
predicting in all four cells of the fourth column that there will be growth (+).

Sample: 6B
Score: 2

The response earned 1 point in part (a) for identifying the role of treatment 1 as that of a control. The response
earned 1 point in part (b) for explaining that Mutant 1 “has a mutation that blocks the synthesis of ...
methionine, meaning that it requires already synthesized methionine from its environment.”

Sample: 6C
Score: 1

The response earned 1 point in part (a) for identifying the role of treatment 1 as that of a control.
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