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Figure 1. Model of two-step enzymatic plant pathway for synthesis of
IAA from tryptophan

Auxins are plant hormones that coordinate several aspects of root growth and development. Indole-3-acetic
acid (IAA) is an auxin that is usually synthesized from the amino acid tryptoghan (Figure 1), Gene Trp-T
encodes an enzyme that converts tryptophan to indole-3-pyruvic acid (I3PA), which is then convarted to LAA
by an enzyme encoded by the gene YUC

{a) Circle ONE arrow that represents transcription on the template pathway. Identify the molecule that
would be absent if enzyme YUC is nonfunctional.

Circle (1 point)
s Circle around either arrow pointing from a gene {Trp-Tor YUC) to mRNA

Identification (I point)
o IAA

(b) Predict how the deletion of one base pair in the fourth codon of the coding region of gene Trp-Twould
most likely affect the production of IAA. Justify your prediction.

Prediction (1 point)
¢ Reduction in [AA production OR No production of LAA
Justification (1 point)
» The mutation will result in the translation of an inactive/nonfunctional Trp-T enzyme.
s  The mutaticn will result in no translation of the Trp-T enzyme.
s The mutation will result in no/reduced praduction of 13PA.

(¢) Explain one feedback mechanism by which a cell could prevent production of too mueh IAA without
limiting I3PA production.

Explanation (2 points)
» Negative feedback/feedback inhibition/increasing amounts of IAA inhibits the pathway.
e Production of YUC enzyme is inhibited OR YUC enzyme activity is inhibited.
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Question 1 {(continued)

(d) Rhizobacteria are a group of bacteria that live in nodules on plant roots. Rhizobacteria can produce LAA
and convert atmospheric nitrogen into forms that can be used by plants. Plants release carbon-
containing molecules into the nodules. Based on this information, identify the most likely ecological
relationship between plants and rhizobacteria. Deseribe ONE advantage to the bacteria of producing
AA,

Identification (1 point)
»  Mutualism
Description (1 point)
» Increases habitat/number of nodules for the rhizabacteria.

* The bacteria receive carbon/carban-containing molecules {as a result of increased plant growth).

(e) A researcher removed a plant nodule and identified several “cheater” rhizobacteria that do not produce
IAA or fix nitrogen. Describe the evalutionary advantage of being a bacterial cheater in a population
compaosed predominantly of noncheater bacteria. Plants can adjust the amount of carbon-containing
molecules released into nedules in response to the amount of nitrogen fixed in the nodule. Predict the
change in the bacterial population that would cause the plant to reduce the amount of carbon-containing
molecules provided to the nodule.

Description {1 point)

* Cheaters/bacteria that benefit without producing LAA/fixing nitrogen have mare energy far
reproduction.

Prediction (1 point)
s Decrease in the nitrogen-fixing/noncheater bacteria
» Decrease In the amount of nitrogen fixed {by bacteria)



Question 3

Gibberellin is the primary plant hormone that promotes stem elongation. GA 3-beta-hydroxylase {GA3H) is
the enzyme that catalyzes the reaction that converts a precursor of gibberellin to the active form of
gibberellin. A mutation in the GAZH gene results in a short plant phenotyps. When a pure-breeding tall
plant is crossed with a pure-breeding short plant, all offspring in the F: generation are tall. When the F,
plants are crossed with each other, 75 percent of the plants in the F, generation are tall and 25 percent of

the plants are short.
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Figure 1. The universal genenic cade

(a) The wild-type allele encodes a GA3H enzyme with alanine (Ala), a nanpolar amino acid, at position 229.
The mutant allele encedes a GASH enzyme with a threonine (Thr), a polar amino acid, at position 229.
Describe the effect of the mutation on the enzyme and provide reasoning to support how this
mutation results in a short plant phenotype in homozygous recessive plants. (2 points)

Description (1 point) Reasoning (1 point)
The amino acid substitution changes the | The mutation decreases/eliminates gibberelin
shape/structure/function of the protein. production.

(b)Using the codon chart provided, predict the change in the codon sequence that resulted in the
substitution of alanine for threonine at amino acid position 229. (1 point)

Prediction (1 point maximum)
e (i ¢> Ain the first position {of the cadon)
o 5-GCN-3' ¢ 5-ACN-3
o B-NGC-3' ¢ 5-NGT-3 in the template strand of DNA

(c) Describe how individuals with one (heterozygous) or two (homozygous) copies of the wild-type GASH
allele can have the same phenotype. (1 point)

Description (1 point)
e Enough active enzyme is produced from one wild-type/dominant allele.
e Enough gibberellin is produced in the presence of one wild-type/dominant allele.
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Question 5

The wabla below shows the amino acid sequence of the carbexyl-terminal segment of a conserved
polypeptide from fowr different, but related, species. Bach amino acid is reprosented by a three-letter
abbreviation, and the amino acid residues in the palypeptide chains are numbered from the amino end

to the carhoxyl end. Empty cells indicate no amino acid is prosent.

Relative Amino Acid Position

Species | 1 2 3 4 5 8 7 B g 10
1 Val | His [ Leu | Val | Gu | Gla | His | Vad | Glo | His
I Val | His [ Lew [ Lys | Glu | Gu | His | Val | Glu | His

1l Val | His [ Leu | Val | Glu | Glu | His | Val

o Val | His [ Leu | Val | Arg | Trp | Ala | Cys | Met | Asp

{a} Assuming that species [ is the ancestral specios of the group, explain the most likely ganetic
change that produced the polypeptide in species 1 and the most likely genetic change that
produced the pelypepude in species 11 (2 points maximum)

Explanation: 1 point per row
MNOTE: Specific names of mutation types are not rogquirad.

Specias Genetic Change in DMA / Bases RBesult of Change to Pelypaptide / Protein
mutation / substitution / pont an amino acid change only at position 4 (Val wo

mutation / missense mutation Lys)

mutation {e.q., substitation ! insertion /
delotion ¢ point mutation / frameshift N L i E e ia
81 T termination of the polypeptide after the Val az
mutation / nonsensa mutation) thar
o AR position 8
introduces a stap cedon after tho
codan for Val

(b) Predict the effects of the mutation an the structure and function of the resulting protein in
species IV, Justify your predicrion. {2 points maximum)

Pradicted Change Justification of Prediction
(1 point maximum) i1 point maximum)

Change tn amino acid sequence of the protein starting at
position § could alter the everall structure ar local structural
refions, interfering with funcuon of the pratein.

Protein may have a diffoerent
stnictuwre and a change in function.

Change in armine acid sequence alters the shape /
conformation / folding / binding region / regulatory region
of the protein, but does not affect the critical functional
regionts) of the protein,

Protein may have a diffarent
structurs and no change in
fanction.

Protenn stoucture and function may | Change in aminoe acid sequence does not alter the protein
not be affectad. shape / conformation ¢ folding and does not alter function.




