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Biology

Spring 2016 Item Release
Cont ent Summary and Answer Key

Question ltem Content Content Answer Points
No. Type Strand Statement Key
1 Graphic Heredity Modern Genetics 1 point
Response
Classification systems are
frameworks created by
, Diversity and scientists for describing the
Graphic . . . :
2 RESDONSE Interdependence vast diversity of organisms, 1 point
P of Life indicating the degree of
relatedness between
organisms.
Classification systems are
frameworks created by
: Diversity and scientists for describing the
Graphic . . . :
3 Response Interdependence vast diversity of organisms, 1 point
P of Life indicating the degree  of
relatedness between
organisms.
4 Graphic Evolution Diversity of Life 1 point
Response
Multiple : : :
5 Choice Heredity Modern Genetics B 1 point
Multiple : . .
6 Choice Heredity Mutations C 1 point
: Diversity and
7 Mult_lple Interdependence Ecosystems B 1 point
Choice | ot Life




Biology

Spring 2016 Item Release
Cont ent Summary and Answer Key

Question Item Content Content Answer Points
No. Type Strand Statement Key
8 Graphic Cells Cellular Processes 2 points
Response
Multiple . Genetic Mechanisms ,
9 Choice Heredity and Inheritance A 1 point
Multiple Cell Structure and .
10 Choice Cells Function c 1 point
Multiple . . :
11 Choice Heredity Mutations A 1 point
12 Graphic Cells Cell S_tructure and 1 point
Response Function
13 Mult!ple Evolution Mechanisms C 1 point
Choice
Classification systems
are frameworks created
. . by scientists for
Graphic Diversity and describing the vast .
14 Interdependence . : . 1 point
Response . diversity of organisms,
of Life oo
indicating the degree of
relatedness between
organisms.
Multiple Cell Structure and :
15 Choice Cells Function c 1 point
Multiple . , , , .
16 Choice Evolution Diversity of Life B 1 point
Multiple Cell Structure and :
17 Choice Cells Function c 1 point




Biology

Spring 2016 Item Release
Content Summary and Answer Key

Question Item Content Content Answer Points
No. Type Strand Statement Key
18 Graphic Cells Cell S_tructure and 1 point
Response Function
Classification systems are
frameworks created by
Multiple Diversity and scientists for describing
19 P Interdependence the vast diversity of B 1 point
Choice . ) S
of Life organisms, indicating the
degree of relatedness
between organisms.
20 Graphic Evolution Diversity of Life 1 point
Response
Multiple . . . . .
21 Choice Evolution Diversity of Life B 1 point
Classification systems are
frameworks created by
. Diversity and scientists for describing
Graphic ) . .
22 Interdependence the vast diversity of 2 point s
Response . ) oLl
of Life organisms, indicating the
degree of relatedness
between organisms.
Multiple Cell Structure and .
23 Choice Cells Function A 1 point
Multiple Cell Structure and .
24 Choice Cells Function A 1 point
25 Mult_lple Evolution Mechanisms B 1 point
Choice

Vi




Biology

Spring 2016 Item Release
Content Summary and Answer Key

Question ltem Content Content Answer Points
No. Type Strand Statement Key
26 Mult!ple Heredity _Structure and function of DNA A 1 point
Choice in cells
Multiple : : :
27 Choice Heredity Cellular Genetics A 1 point
28 Graphic Evolution Diversity of Life 2 point s
Response
Graphic Diversity and
29 P Interdependence Ecosystems 2 points
Response .
of Life
. Diversity and
30 Graphic Interdependence Ecosystems 1 point
Response of Life

vii
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Question 1

Question and Scoring Guidelines



Question 1

_—
Identical] ©® CES ~

DNA samples taken from rats from the Sibling
same colony produce the four gel =
electrophoresis banding patterns shown.  [Sibling or
Determine the relationships between Rat | parent Rat A Rat B RatC RatD

A and the other three rats tested: B, C. | I | i

Gel Electrophoresis Patterns

and D. Unrelated

Place relationship labels into the blank
boxes under the electrophoresis patterns

for rats B, C, and D.
o Place only one label in each blank
— —
* You may use each label more than

once.

Points Possible: 1

See Alignment for more detail

Scoring Guidelines

For this item, a full -credit response includes
T oUnrel atedd6 ploRatBe,d bel ow
AND
T ol denti cal Si bl i oRpt&Copl aced bel ow
AND
T oSibling or par e mRabtDoflipaint)ed bel ow



Alignment

Content Strand
Heredity

Content Statement
Modern Genetics

Content Elaboration

Genes are segments of DNA molecules. The sequence of DNA bases in a
chromosome determines the sequence of amino acids in a protein. Inserting,
deleting or substituting segments of DNA molecules can alter genes.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires students to use subject -specific concep tual knowledge to interpret
and explain events, phenomena, concepts and expe riences using grade -
appropriate  scientific terminology, technological knowle dge and mathematical
knowledge. Communicate with clarity, focus and organization using rich,
investigative scenarios, real -world data and valid scientific information.

Explanation of the Item
This item requires the student to infer genetic relationships between individuals
by comparing DNA banding produced through gel electrophoresis. Aratis a

di ploid organism receiving 50% of its genetic
gametes. By analyzing the bands created during gel electrophoresis, identical
matches, parents and siblings can be identified. The appearance of similar

bands prov ides evidence for the relationships between the rats. Rat B is

unrelated because there are no similar banding patterns compared to Rat A.

Rat C is identical to Rat A because the banding is identical. This means that Rat
A and C are identical siblings. Rat D has 3 of the 6 bands that are identical to

Rat A, which indicat es that Rat D could be a parent or sibling.












Sample Response: 0 points

—_—
Identical] © CEEED

DNA samples taken from rats from the sibling
same colony produce the four gel Gel Electrophoresis Patterns

electrophoresis banding patterns shown.  [Sibling or
Determine the relationships between Rat parent Rat A Rat B RatC Rat D

A and the other three rats tested: B. C.
and D. Unrelated _ _

Place relationship labels into the blank
boxes under the electrophoresis patterns E

|

for rats B, C, and D.

e Place only one label in each blank

— —
* You may use each label more than

once.

Relationship o Rat A: Jbing off [Sibling or]  [Sibling or]
"| parent | || parent parent |

Notes on Scoring

This response earns no credit (O points) . The response
incorrectly identifies the relationships  of Rats Band C to RatA.

The correct relationships are  as follows :

Rat B is unrelated since the banding patterns do not match.

Rat C is an identical sibling since the banding patterns are an
exact match. Rat D is either a sibling or parent since 3 of the 6
band sequences are an exact match , based on the fact that
rats are dip loid and receive 50% of their genetic material
from each parentds gamet e.
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Alignment

Content Strand
Diversity and Interdependence of Life

Content Statement

Classification systems are frameworks created by scientists for describing the
vast diversity of organisms, indicating the degree of relatedness between
organisms.

Content Elaboration

Classification systems are frameworks developed by scientists for describing the
diversity of organisms, indicating the degree of relatedness between organisms.
Recent molecular -sequence data generally support earlier hypotheses

regarding lineages of organisms based upon morphological comparisons. Both
morphological comparisons and molecular evidence must be used to describe
biodiversity (cladograms can  be used to address this).

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires students to use subject -specific concep tual knowledge to interpret
and explain events, phenomena, concepts and expe riences using grade -
appropriate  scientific terminology, technological knowle dge and mathematical
knowledge. Communicate with clarity, focus and organization using rich,
investigative scenarios, real-world data and valid scientific information.

Explanation of the Item
This item requires th e student to determine evolutionary relationships based on

comparisons of amino acid sequence s. The more differences found in amino

acid sequences, the more distantly related the organisms are to each other . The

evidence is contained inthe table ,0 Di f f er e n eAems nion Al 3 Sequence
Organism A and the fact thatitdoes  not hav e any differences is the base

organism , which is annotated on a single lineage. Organisms B and C each

differ from Organism A by 11 amino acids and are therefore clo sely related to

each other and A. Organism E has the greatest number of amino acid

differences and is thus the furthest removed from Organism A.

11
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Sample Responses
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Sample Response: 1 point

The table shows the number of amino

acid differences among organisms A

through E for a common protein with 113
amino acids.

Use the data in the table to complete the
cladogram by placing an organism label
in each blank box.

e Place only one organism label in each
blank box.

e There may be more than one correct
answer.

A ]®
B | Differences in 113-Amino Acid Sequence
c
— A B ] D E
£ A — 1 10 1 14
B — 1 ki 11
C — 8 10
D — 3
E -
Cladogram

Notes on Scoring

This response earns full credit (1 point ). Using the cladogram,
the student identifies the correct evolutionary relationships
base d on the amino acid sequences.

15
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Alignment

Content Strand
Diversity and Interdependence of Life

Content Statement

Classification systems are frameworks created by scientists for describing the
vast diversity of organisms, indicating the degree of relatedness between
organisms.

Content Elaboration
Classification systems are frameworks developed by scientists for describing the

diversity of organisms, indicating the degree of relatedness between organisms.
Recent molecular -sequence data generally support earlier hypotheses
regarding lineages of organisms based upon morphological comparisons. Both
morphological comparisons and molecular evidence must be used to describe
biodiversity (cladograms can be used to address this).

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires students to use subject -specific concep tual knowledge to interpret
and explain events, phenomena, concepts and expe riences using grade -
appropriate scientific terminology, technological knowle dge and mathematical
knowledge. Communicat e with clarity, focus and organization using rich,
investigative scenarios, real-world data and valid scientific information.

Explanation of the Item
This item requires the studentto use DNA sequence data to construct a

cladogram of evolutionary relation ships. The more differences found in the

nitrogen base sequence, the more distantly related the organisms are to each
other . The evidence is contained in the table ,ODNA Sequences of
F a mi | The Aviarofamily of Ptiloris is the base organism , which isannotated on
a single lineage. The Avian families Vireo and Diphyllodes differ by 4 nitrogenous

bases and are therefore the closest relative s to Ptiloris. The Avian family
Manucodia differs from Ptiloris by 6 nitrogenous bases and is  thus the next clos est
relative. Finally, the Avian family of Empidonax is the most distant relative with 10
different nitrogenous bases.

19
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Sample Response: 0 points

DNA sequences for a number of bird
families in the order Passeriformes are
shown. Differences in the DNA
sequences between the Ptiloris family and
other bird families in this order are
highlighted in red.

An incomplete phylogenetic tree that
notes important differences in the DNA
among these bird famailies is also shown.
Use the DNA sequence data to complete
the phylogenetic tree.

Move each bird family label into the
correct blank box in the phylogenetic
tree.

DNA Sequences of Avian Families

Position I S R T R R R O R S N AR oL
Ptiloris TCTACTAAAAATCATCAACGACTCCTTAATC
Diphyllodes CCTACTAAAAATCGTCAACGACTCCCTAATI
Empidonax ACTT TTAAAAATAGCTAATAGACTCITCTAATC
Manucodia C T TACTAAAAACCATCAACAACCCCCTAATC
Vireo CCTCCTAAAAATCATCAACGACTCCCTAATI

Phylogenetic Tree of Avian Families
31C—T Vireo

nec| L Emoen]
wec| L fioncoso)

13C—~A

1 Diphyllodes

Ptiloris
Families

Notes on Scoring

related.

This response earns no credit (O points). The response does not
show understanding of how to infer evolutionary relationships
from DNA sequence data and
relationships in a cladogram. The response
the connection that Vireo and Diphyllodes each differ from
Ptiloris by 4 nucleic acid sites , a fact that initiates the correct
order by showing that Vireo and Diphyllodes are closely

how to depict these
does not make

23
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Alignment

Content Strand
Evolution

Content Statement
Diversity of Life

Content Elaboration
Populations evolve over time. Evolution is the consequence of the interactions
of:

1. the potential for a population to increase its numbers;

2. the genetic variability  of offspring due to mutation and recombination of

genes;
3. afinite supply of the resources required for life: and
4. the differential survival and reproduction of individuals with the specific

phenotype.
Mutations are described in the content elaboration fo r Heredity. Apply the
knowledge of mutation and genetic drift to real -world examples.

Recent molecular -sequence data generally, but not always, support earlier
hypotheses regarding lineages of organisms based upon morphological
comparisons.

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires stude nts to provide a rote
response, declarative knowledge or perform routine mat hematical tasks. This

cognitve demand refers to studentsd knowiloredge of
concepts, tools, procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to analyze the results of a gel electrophoresis to

classify a sample. The evidence isin thetable, 0 Ge | El ectrophboresi s Re
which compar est he known base sample | abeled OResi st
the unknown DNA samples labeled ODNA Sample [#1, #2 #3 ].6 Through visual

analysis of the gel electrophoresisresults, i t can be determined that
Sample #2 ¢ is the only sample that matches the known 0 Bsistant DNA Sample. 6

27
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Sample Response: 0 points

Scientists have found an allele of a plant
gene that may protect plants from some Gel Electrophoresis Results
types of insects. To determine whether

this allele s present in other plants of the

species of is a recent mutation, they Resistant DNA DNA
conducted the following experiment: DNA Sample = Sample #1 Sample #2
e Isolate a sample of deoxyribonucleic o e

acid (DNA) known to contain the allele
from one plant that is unaffected by
insects.

€ T
e Isolate a sample of DNA that may
contain the allele from three plants of - — -
the same species growing in the same
location. — — a—
o Treat the resistant DNA sample and the
three DNA samples from the other
plants with the same restriction - - -
enzymes to generate smaller segments - -— -
of DNA. ===
® Load and run a gel electrophoresis to - -
separate the DNA segments. - - -

o Analyze the results of the gel
electrophoresis.

DNA
Sample #3

Click on the DNA sample(s) that has the
same allele as the resistant plant.

Notes on Scoring

This response earns no credit (O points). Th e response
incorrectly select sall three samples as matches for the

only sample with the additional segment that matches the
0 Bsistant DNA Sample. 6 )ODNA Sample #1 éand 0 DN A
Sample #306 do not share the additional gene.

OResi stant DNA SanbNASample#2 disthes e r

31
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Alignment

Content Strand
Heredity

Content Statement
Modern Genetics

Content Elaboration

Genes are segments of DNA molecules. The sequence of DNA bases in a
chromosome determines the sequence of amino acids in a protein. Inserting,
deleting or substituting segments of DNA molecules can alt er genes.

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,

concepts and relationships. Recall only requires stude nts to provide a rote

response, declarative knowledge or  perform routine mat hematical tasks. This

cognive demand refers to studentsd knowloredge of
concepts, tools, procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to identify a way that genetic engineering can be

used to produce better crops. Through the process of genetic engineering
segments of DNA are replaced inan organismd s g e oompositon (DNA) to
modify a physical trait, which provid es the desired benefit to the engineered
organism. In this specific question , the desired trait is drought resistance . This item
assessesthes t u d eabilitydtsidentify a way that genetic engineering can be

used to produce more successful crops.

35
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Alignment

Content Strand
Heredity

Content Statement
Mutations

Content Elaboration

Genes are segments of DNA molecules. The sequence of DNA bases in a
chromosome determines the sequence of amino acids in a protein. Inserting,
deleting or substituting segments of DNA molecules can alter genes.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires students to use subject -specific concep tual knowledge to interpret
and explain events, phenomena, concepts and expe riences using grade -
appropriate  scientific terminology, technological knowle dge and mathematical
knowledge. Communicate with clarity, focus and organization using rich,
investigative scenarios, real-world data and valid scientific information.

Explanation of the Item

This item requires the student to determine how a mutation in the DNA has

affected the amino acid gene product. A codon, a 3 -nitrogenous base

sequence, codes for a specific amino acid. The table inthisitem, 6 Codons and
Amino Acids ,0listsonly 7 of the 64 codon examples and 5 of the 20 amino acids.
Asevidenced in the table , a mutation inacodon may or may not affect the

amin o acid (s) produced.

39






















































































































































































































































































































































































































































