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P
art A

A
nsw

er all questions in this part.     [30]

D
irections (1–30): F

or each statem
ent or question, record on the separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question.
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1 Studying fossils provides evidence for evolution 
because fossils
(1) take a long tim

e to form
(2) can show

 patterns of biological change over 
tim

e
(3) alw

ays contain com
plete D

N
A

 sequences
(4) found in the sam

e area are usually closely 
related to each other

2 W
hich statem

ent best describes the interactions 
betw

een the structures found w
ithin a single- 

celled organism
?

(1) T
hey 

allow
 

the 
organism

 
to 

m
aintain 

hom
eostasis.

(2) T
hey prevent hom

eostasis from
 dam

aging 
the cell.

(3) T
hey m

ust act independently of each other 
and prevent hom

eostasis.
(4) T

hey carry out the sam
e life process in order 

to m
aintain hom

eostasis.

3 Sexually reproduced offspring have traits sim
ilar 

to their parents because they receive
(1) all of the proteins from

 each parent
(2) som

e of the proteins from
 both parents

(3) all of the genes present in both parents
(4) som

e of the genes present in each parent

4 W
hich row

 in the chart below
 correctly pairs a 

group of organism
s w

ith the type of nutrition 
they carry out?

R
o

w
A

u
to

tro
p

h
ic

 

N
u

tritio
n

H
e
te

ro
tro

p
h

ic 
N

u
tritio

n

(1)
carnivores

herbivores
(2)

decom
posers

carnivores
(3)

herbivores
producers

(4)
producers

decom
posers
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6 A
 response of a norm

ally functioning im
m

une 
system

 that can be harm
ful is

(1) being infected by the fl u virus
(2) rejecting an organ transplant
(3) recognizing chem

ical signals
(4) fi ghting off a bacterial infection

5 R
ubber usually com

es from
 petroleum

 or from
 

the 
A

sian 
rubber 

tree 
plant. 

Scientists 
have 

m
odifi ed a single trait in the dom

estic plant, 
guayule, to increase its ability to produce rubber 
for com

m
ercial use. Young guayule plants are 

show
n in the photograph below

.

Source: http://agresearchm
ag.ars.usda.gov

T
he 

process 
that 

w
as 

m
ost 

likely 
used 

to
m

odify 
the 

plants’ 
trait 

and 
increase 

their 
natural rubber production w

as
(1) selective 

breeding 
of 

tw
o 

sim
ilar 

plant 
varieties

(2) genetic 
recom

bination 
during 

sexual 
reproduction

(3) genetic engineering to alter a specifi c gene
(4) fertilizing 

the 
plants 

w
ith 

key 
substances 

found in petroleum

 
7 W

hich 
m

olecules 
are 

norm
ally 

found 
in 

single-celled organism
s?

(1) organic m
olecules, only

(2) inorganic m
olecules, only

(3) both organic and inorganic m
olecules

(4) neither organic nor inorganic m
olecules

 
8 H

am
m

erhead sharks are unlike m
ost other shark 

species. N
early all shark species either lay eggs 

or give birth to live young after their eggs hatch 
internally. H

am
m

erhead sharks form
 a placenta, 

a structure m
ore com

m
only found in m

am
m

als, 
such as hum

ans. O
ne role of the placenta in the 

developm
ent of offspring is norm

ally to
(1) produce blood cells 

(3) produce gam
etes

(2) provide m
ilk 

(4) transfer nutrients
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9 PC

R
, Polym

erase C
hain R

eaction, is a m
ethod 

for carrying out D
N

A
 replication. In order to 

perform
 this technique, a scientist w

ould need
(1) a 

D
N

A
 

tem
plate, 

AT
P, 

and 
20 

different 
am

ino acid subunits
(2) enzym

es, several types of sim
ple sugars, and 

starch m
olecules

(3) a D
N

A
 tem

plate, enzym
es, and subunits w

ith 
A

, G
, T, and C

 bases
(4) enzym

es, specifi c receptor m
olecules, and 

several horm
ones

10 A
 student used a m

icroscope to exam
ine som

e 
cells. H

e observed strands located in the nuclei 
of these cells.

Source: https://www.icr.org/i/w
ide/m

itosis_wide.jpg

T
hese 

strands 
are 

responsible 
for 

coding 
different proteins and are know

n as
(1) chrom

osom
es 

(3) ribosom
es

(2) m
itochondria 

(4) chloroplasts
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 11 F
arm

ers have been planting crops that express 
an insecticide gene, so that w

hen pests consum
e 

these crops, the pests are poisoned. U
nfortunately, 

since 
these 

plants 
w

ere 
introduced 

in 
1996, 

grow
ing num

bers of insect pests have developed 
resistance to the insecticide. T

he process that led 
to the insect resistance can best be explained by
(1) ecological succession
(2) selective breeding
(3) asexual reproduction
(4) natural selection

 12 K
iller w

hales are an endangered species. T
he 

decline in the w
hales’ num

bers has been linked 
to poor nutrition, resulting in the inability to 
m

aintain a pregnancy. T
his risk to developing 

w
hale em

bryos is m
ost likely a result of

(1) an environm
ental factor not associated w

ith 
the em

bryo’s genes
(2) an infection caused by the em

bryo’s exposure 
to a pathogen

(3) faults in the genes of the em
bryo itself

(4) toxins that are introduced into the m
other 

from
 the em

bryo’s blood

 13 A
 biotechnology tool, know

n as C
R

ISPR
-C

as9, 
allow

s scientists to precisely edit genes. In order 
to edit genes, C

R
ISPR

-C
as9 m

ust be able to
(1) alter the base sequence of D

N
A

(2) prevent cells from
 differentiating

(3) block cell receptors from
 receiving signals

(4) change the rate at w
hich a cell uses AT

P

 14 B
y m

easuring the colors of light refl ected by 
different tree species in a forest, scientists can 
determ

ine the am
ount of biodiversity present 

in different areas. M
aintaining biodiversity is 

im
portant because it

(1) reduces the carrying capacity of a forest 
ecosystem

(2) guarantees that all species w
ithin a forest 

ecosystem
 w

ill survive
(3) increases 

the 
num

ber 
of 

predators 
that 

control the population size of prey
(4) ensures the availability of a variety of genetic 

m
aterial
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 15 T
he cells in the diagram

 below
 w

ere present in 
the sam

e individual.

N
erve

M
uscle

Skin

T
hese cells are m

ost sim
ilar in the

(1) am
ount of energy they release

(2) type of proteins they synthesize
(3) rate of their m

etabolism
(4) inform

ation stored in their D
N

A

 16 L
arge num

bers of w
hite-tailed deer on L

ong 
Island are infested w

ith ticks that transm
it L

ym
e 

disease to other m
am

m
als. O

ne attem
pt to control 

reproduction in these ticks has been the release 
of large num

bers of sterilized m
ale ticks. W

hen 
com

pared to using pesticides, this m
ethod to 

control ticks w
ould

(1) cause m
ore environm

ental pollution
(2) lead to a decrease in the deer population
(3) be less likely to harm

 the environm
ent

(4) result in an increase in the tick population

 17 T
he m

odel below
 sum

m
arizes one pathw

ay of 
energy transfer in an ocean ecosystem

.

Sun

O
rganism

X
O

rganism
Y

T
he type of organism

 represented by box X
 could 

be(1) algae 
(3) sm

all fi sh
(2) fungi 

(4) sea birds
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 18 W
hich 

sequence 
best 

represents 
the 

correct 
order of events in the form

ation of a sexually 
reproduced individual?
(1) em

bryo →
 zygote →

 gam
ete →

 fetus
(2) zygote →

 em
bryo →

 fetus →
 gam

ete
(3) gam

etes →
 em

bryo →
 fetus →

 zygote
(4) gam

etes →
 zygote →

 em
bryo →

 fetus

 19 D
irect harvesting occurs w

hen
(1) pine trees are cut from

 a forest for use as 
lum

ber
(2) corn is planted in a new

ly plow
ed fi eld

(3) zebra m
ussels are accidentally im

ported to 
the G

reat L
akes

(4) roots of plants continually take in w
ater

 20 In N
ew

 York State, it is com
m

on for farm
ers to 

plant large fi elds of one crop, such as the cornfi eld 
show

n below
.

Source: https://w
w

w.123rf.
com

/photo_40944515_corn-fields.htm
l

A
 negative outcom

e of this practice is that
(1) the corn w

ill interbreed w
ith w

eeds in the 
area

(2) new
 predators w

ill be introduced into the 
ecosystem

(3) the stability of the ecosystem
 w

ill be reduced
(4) new

 
species 

of 
insect-resistant 

corn 
w

ill 
evolve
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 21 T
he process of differentiation is best described 

as the
(1) production of a genetically identical copy of 

an organism
(2) change in shape of a protein due to high 

tem
peratures

(3) process by w
hich cells specialize and develop 

into a specifi c type of cell
(4) process 

in 
w

hich 
genes 

are 
m

ade 
and 

transferred into other organism
s

 22 H
um

ans 
are 

able 
to 

positively 
or 

negatively 
affect their environm

ent in m
any w

ays. W
hich 

statem
ent 

accurately 
describes 

one 
of 

these 
possible effects?
(1) A

 positive environm
ental effect is that burn-

ing fossil fuels to generate electricity reduces 
carbon dioxide levels in the atm

osphere.
(2) A

 
positive 

environm
ental 

effect 
is 

the 
cutting of trees in rain forests to provide 
large quantities of lum

ber to build hom
es 

for the increasing w
orld population.

(3) A
 

negative 
environm

ental 
effect 

is 
that 

industrialization 
provides 

m
any 

jobs 
and 

helps the econom
y grow

.
(4) A

 
negative 

environm
ental 

effect 
is 

that 
unregulated 

fi shing 
in 

the 
ocean 

can 
disrupt the interactions betw

een organism
s 

in existing food w
ebs.

 23 W
hich statem

ent best describes the process of 
com

petition?
(1) It m

ay be for abiotic or biotic resources.
(2) It 

is 
not 

affected 
by 

changes 
in 

the 
environm

ent.
(3) It 

alw
ays 

occurs 
betw

een 
m

em
bers 

of 
different species.

(4) It allow
s nutrients in an ecosystem

 to m
ove 

from
 herbivores to autotrophs.
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 24 C
hanges in external tem

peratures often result 
in 

a 
person 

either 
sw

eating 
or 

shivering, 
as 

represented in the diagram
 below

.

Sw
eating

Shivering

Body
Source: Adapted from

 http://askabiologist.
asu.edu/sites/default/files/resources/

articles/singing_in_rain/tem
p_control.gif

T
hese responses are one w

ay
(1) to 

counteract 
feedback 

m
echanism

s 
that 

w
ould otherw

ise be benefi cial
(2) to m

ake the body release insulin to control 
blood circulation

(3) the 
body 

is 
able 

to 
m

aintain 
dynam

ic 
equilibrium

(4) skin and m
uscle cells are able to disrupt 

hom
eostasis

 25 W
hich statem

ent about the response of the body 
to pathogens is correct?
(1) R

ed blood cells engulf invaders and produce 
antibodies that attack invaders.

(2) Vaccinations m
ay contain w

eakened m
icrobes 

that stim
ulate the form

ation of antibodies.
(3) A

ID
S is a bacterial disease that strengthens 

the im
m

une system
.

(4) A
ll 

allergic 
reactions 

are 
caused 

by 
an 

im
m

une response to m
icroorganism

s.
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 26 B
lood sugar levels increase after a m

eal and eventually return to norm
al. T

his is represented in the diagram
 

below
.

Level of 
Blood Sugar

A
fte

r a
 

M
e
a
l

T
im

e
 A

fte
r a

 M
e
a
l

T
his constant correcting of blood sugar levels w

ithin the body is accom
plished by

(1) a feedback m
echanism

 
(3) an allergic reaction

(2) an im
m

une response 
(4) m

anipulating a gene
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 27 Sheets of skin are grow
n in a culture in order to replace the skin of victim

s w
ith severe burns or frostbite. 

U
ndam

aged skin cells are obtained from
 the victim

, put in a Petri dish w
ith the proper grow

th m
aterials, and 

incubated, as represented in the diagram
 below

.

Skin tissue

Skin cells 
isolated and

added to 
grow

th m
aterial

Petri dish
Petri dish

Incubated

T
hese new

 skin cells form
 as a result of

(1) m
eiotic cell division 

(3) m
itotic cell division

(2) sexual reproduction 
(4) gene recom

bination
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 28 W
hich graph below

 best represents the relationship betw
een the relative num

ber of nuclei, genes, and 
chrom

osom
es in a typical hum

an cell?

( 1 )

Relative 
Number in Cell

Nuclei

Chromosomes

Genes

( 2 )

Nuclei

Chromosomes

Genes
( 3 )

Nuclei

Chromosomes

Genes

( 4 )

Nuclei

Chromosomes

Genes

Relative 
Number in Cell

Relative 
Number in Cell

Relative 
Number in Cell
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  29 T
he diagram

 below
 represents a biological process.

Annual
plants

Perennial
plants and

grasses

Softw
ood

trees
H

ardw
ood

trees
Shrubs

T
im

e

Source: Adapted from
 http://w

w
w.physicalgeography.net/fundam

entals/9i.htm
l

W
hich statem

ent is true about the biological process show
n?

(1) T
his is a short-term

 process resulting from
 sudden changes.

(2) T
his process cannot be altered by hum

ans and other organism
s.

(3) If the hardw
ood trees are destroyed, the altered ecosystem

 cannot recover.
(4) T

he shrubs m
odify the environm

ent, m
aking it m

ore suitable for the softw
ood trees.



Livin
g

 E
n

viro
n

m
e
n

t –
 A

u
g

. ’2
2

16

30 C
ells m

ay divide abnorm
ally and produce cells like som

e of those show
n in the photograph below

.

Source: w
w

w.popsci.com
/July 2018

W
hen cells such as the skin cells show

n reproduce abnorm
ally, it could be a sign of

(1) an im
m

une response  
(3) cancerous cell grow

th
(2) dynam

ic equilibrium
  

(4) a cellular adaptation
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B
ase your answ

ers to questions 31 and 32 on the diagram
 below

 and on your know
ledge of biology.

Atom
Sm

all
M

olecules
Lipids

Proteins

Virus
Bacteria

O
rganelles

Eukaryotic C
ells

(anim
al and plant cells)

Eye

Light M
icroscope

Source: Adapted from
 https://m

icrobiologyinfo.com
/different-size-shape-and-arrangem

ent-of-bacteria-cells/

Electron M
icroscope

S
iz

e
s
 o

f V
a
rio

u
s
 S

tru
c
tu

re
s
 a

n
d

 W
a
y
s
 to

 V
ie

w
 T

h
e
m

A
nsw

er all questions in this part.     [13]

D
irections (31–43): F

or each statem
ent or question, record on the separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question.

P
art B

–1
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 31 O
nly an electron m

icroscope can be used to view
(1) bacteria 

(3) anim
al cells

(2) m
itochondria 

(4) viruses

 32 A
 scientist is developing a system

 to rem
ove harm

ful bacteria from
 a contam

inated w
ater supply. In order to 

trap the bacteria and prevent them
 from

 going through the fi lter, she m
ust m

ake sure the pores in the fi lter 
are no larger than
(1) 1 nm

 
(3) 10 µm

(2) 1 µm
 

(4) 100 µm

 



Livin
g

 E
n

viro
n

m
e
n

t –
 A

u
g

. ’2
2

20

33 F
or native hum

an populations in tropical areas, 
the intensity of ultraviolet (U

V
) rays from

 the 
Sun is strong, and skin color is generally dark. 
M

elanin pigm
ents found in people w

ith darker 
skin color help block the effects of the U

V
 

radiation on skin cells.

In tropical areas, the best explanation for having 
increased m

elanin in hum
an skin cells is that it

(1) increases the occurrence of m
utations

(2) provides a survival advantage
(3) acts as a feedback m

echanism
 to increase U

V
 

exposure
(4) produces antibodies that destroy pathogens

34 Sm
oking increases the risk of certain cancers of 

the m
outh, esophagus, pancreas, kidneys, and 

uterus. T
his fi nding w

ould be m
ost reliable if it 

w
ere based on

(1) data collected from
 patients in one cancer-

research hospital
(2) research done by scientists in m

any different 
countries

(3) reading the inform
ation on cigarette cartons

(4) cancer 
inform

ation 
published 

on 
social 

m
edia sites

 35 W
hich 

diagram
 

below
 

best 
represents 

the 
direction that energy fl ow

s through an energy 
pyram

id?

( 3 )
( 1 )

( 2 )
( 4 )
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 36 A
n evolutionary tree is show

n below
.

Present

Past

Time

B Q
S

T

J
K

L
M

N

O
P

R

W
hich conclusion is correct, based on the evolutionary tree?

(1) A
ll of these species have certain D

N
A

 sequences in com
m

on.
(2) Species S is the best adapted of all the species show

n.
(3) A

 com
m

on ancestor of species L
 and M

 is species N
.

(4) Species O
 and P are m

ore closely related than species P and Q
.
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B
ase your answ

ers to questions 37 and 38 on the inform
ation and photographs below

 and on your know
ledge 

of biology.

A
n arctic fox has a gland in its brain that secretes a horm

one that regulates the production 
of m

elanin, a pigm
ent that accounts for brow

n fur. In the w
inter, the foxes secrete m

ore of 
this horm

one and their cells stop m
aking m

elanin, so they appear w
hite. T

he pictures below
 

illustrate tw
o variations of fur color.

Source: http://w
w

w.nationalgeographic.com
/anim

als/m
am

m
als/a/arctic-fox/

Q
uestions 37 and 38 are continued on the next page. ·
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 37 W
hich tw

o row
s best support the inform

ation provided?

A
w

inter
increased m

elanin
w

hite fur
B

sum
m

er
increased m

elanin
brow

n fur
C

w
inter

decreased m
elanin

w
hite fur

D
sum

m
er

decreased m
elanin

brow
n fur

(1) A
 and B

 
(3) C

 and D
(2) B

 and C
 

(4) D
 and A

 38 W
hich statem

ent is the m
ost likely explanation for the color differences in the fur of the fox at different tim

es 
of the year?
(1) M

utations can be caused by changes in the num
ber of biotic factors in the environm

ent.
(2) T

he expression of genes can be m
odifi ed by the external environm

ent.
(3) H

ereditary inform
ation is contained in genes located in the chrom

osom
es of each cell.

(4) R
andom

 changes in D
N

A
 can occur to change the expression of a gene.
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B
ase your answ

er to question 39 on the inform
ation below

 and on your know
ledge of biology.

F
ighting the F

lu
A

 new
 technique to attack fl u virus antigens is being tested on m

ice. N
orm

ally, antibodies 
attack the “head” portion of antigens on the surface of the fl u virus.

Since the “head” portions m
utate frequently, the antibodies do not provide protection 

for very long. T
he new

 technique is to develop antibodies that attack the “stem
” portion 

of the antigen. Since the “stem
” regions do not m

utate very often, the effectiveness of the 
vaccine should last longer. T

his technique is represented below
.

Source: Adapted from
 w

w
w.sciencenew

s.org/“A U
niversal Flu Shot M

ay Be N
earing R

eality”/O
ctober 28,2017.

Stem

T
ra

d
itio

n
a
l A

p
p

ro
a
c
h

“
H

e
a
d

le
s
s
”
 A

p
p

ro
a
c
h

Attaches
Antibody

C
annot

attach

M
utates

M
utates

Attaches
C

an attach

H
ead

H
ead

Q
uestion 39 is continued on the next page. ·
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 39 W
hich statem

ent describes an observation that w
ould best support the continued study of using antibodies 

produced by this new
 technique against the fl u?

(1) A
 group of 50 m

ice w
ith fl u antibodies form

ed using the new
 technique w

ere exposed to m
utated form

s 
of the fl u. N

one of the m
ice becam

e ill.
(2) T

he use of these antibodies in m
ice stopped m

utations that occur in fl u viruses.
(3) C

hem
ical tests show

ed that the stem
 antibodies attached to the heads of som

e fl u viruses and destroyed 
them

.
(4) B

lood tests show
ed that only “stem

” antibodies attacking the stem
 of fl u antigens can cause the fl u in 

m
ice. T

hose attacking the “head” did not.

 40 Scientists 
have 

discovered 
that 

pathogenic 
organism

s 
and 

the 
chem

icals 
they 

produce 
can 

cause 
foodborne illnesses. T

hese illnesses harm
 the body as a result of interactions betw

een the digestive and 
im

m
une system

s.

W
hich statem

ent m
ost correctly describes how

 these tw
o system

s interact w
hen an individual com

es dow
n 

w
ith a foodborne illness?

(1) C
hem

icals produced by pathogens enter the im
m

une system
 through a cut in the skin. T

he circulatory 
system

 carries the chem
ical to the digestive system

, resulting in foodborne illness.
(2) W

hen specifi c chem
icals produced by pathogens enter the digestive system

 in contam
inated foods, the 

ability of the im
m

une system
 to fi ght off foodborne illness is reduced.

(3) W
hen foods contam

inated w
ith pathogens are eaten, the im

m
une system

 prevents the pathogens from
 

entering the digestive system
.

(4) T
he digestive system

 breaks dow
n the pathogens in the contam

inated foods so that they are harm
less. 

T
hese harm

less pathogens are then transferred to the im
m

une system
.
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B
ase your answ

ers to questions 41 and 42 on the inform
ation and diagram

 below
 and on your know

ledge of 
biology.

A
 live plant w

as placed in a closed container in a lab. Sensors w
ere set up to m

onitor the 
levels of oxygen in the container over several hours.

Tim
e (hours)

Relative Concentration 
of Oxygen

H
igh

Low
1

0
3

4
5

6
7

8
2

 41 A
t w

hich hour w
ere the lights turned on in the lab?

(1) 8 
(3) 0

(2) 2 
(4) 4

 42 D
uring the 8 hours studied, the plant perform

ed
(1) photosynthesis, only 

(3) both photosynthesis and respiration
(2) respiration, only 

(4) neither photosynthesis nor respiration
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 43 H
um

an cells have m
any m

olecules attached to their surfaces. Som
e of these m

olecules are involved in 
producing the sym

ptom
s associated w

ith allergies. H
istam

ine is a chem
ical produced by som

e hum
an cells. 

W
hen histam

ine binds to m
olecules on the surface of cells that line the nose and throat, the cells w

ill sw
ell 

and leak fl uid, causing the characteristic itching, sneezing, and congestion associated w
ith allergies. A

 m
odel 

of this m
echanism

 is represented below
.

Throat cell
H

istam
ine

Fluid release

A
ntihistam

ines are m
edications taken to block this reaction. W

hich of the antihistam
ine m

olecules 
represented below

 w
ould be the m

ost effective?

( 3 )
( 4 )

( 1 )
( 2 )
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B
ase your answ

ers to questions 44 through 48 on the inform
ation and data table below

 and on your 
know

ledge of biology.

W
est N

ile V
irus

W
est N

ile virus (W
N

V
) has been detected in a variety of bird species. C

row
s and jays are 

know
n to get sick and die w

hen infected. W
N

V
 also infects other anim

als, including horses, 
cats, dogs, chipm

unks, alligators, and hum
ans.

W
N

V
 affects the nervous system

. It w
as fi rst detected in the U

.S. in N
ew

 York C
ity 

during the sum
m

er of 1999, w
hen nearly 5500 crow

s died w
ithin a four-m

onth period. Since 
then, W

N
V

 has spread rapidly throughout the country. A
lthough the virus is w

idespread, 
sym

ptom
s in hum

ans are usually m
ild. H

ow
ever, about 1 in 150 people w

ho are infected 
develop severe, som

etim
es fatal, sym

ptom
s that include the infl am

m
ation of the brain and 

m
em

branes surrounding the brain and spinal cord. T
here is no hum

an vaccine for W
N

V. 
T

he virus is transm
itted to certain bird species w

hen they are bitten by infected m
osquitoes. 

W
hen these bird species are not available, m

osquitoes are m
ore likely to bite hum

ans. 
H

um
ans are a dead-end host, w

hich m
eans that even w

hen infected w
ith the virus, it is not 

passed on.
T

he C
enters for D

isease C
ontrol and Prevention (C

D
C

) recorded the num
ber of cases 

of W
N

V
 per 100,000 people in the U

.S. from
 2002-2014. T

hese data are recorded in the 
bl

b
l

P
art B

 2

A
nsw

er all questions in this part.     [12]

D
irections (44–55): F

or those questions that are m
ultiple choice, record on the separate answ

er sheet 
the num

ber of the choice that, of those given, best com
pletes each statem

ent or answ
ers each question. F

or all 
other questions in this part, follow

 the directions given and record your answ
ers in the spaces provided in this 

exam
ination booklet.

B
ase your answ

ers to questions 44 through 48 on the inform
ation below

, the data table on the next page, and 
on your know

ledge of biology.

table on the next page.

P
art B

 –2
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In
c
id

e
n

c
e
 o

f W
e
s
t N

ile
 V

iru
s
 in

 th
e
 

U
.S

. p
e
r 1

0
0
,0

0
0
 P

e
o

p
le

Y
e
a
r

C
a
s
e
s
 p

e
r 1

0
0
,0

0
0
 P

e
o

p
le

2002
1.02

2004
0.39

2006
0.50

2008
0.23

2010
0.20

2012
0.91

2014
0.42

Source: https://w
w

w.epa.gov/clim
ate-indicators/

clim
ate-change-indicators-w

est-nile-virus

Q
uestions 44 and 45 are continued on the next page. ·
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 44 M
ark an appropriate scale, w

ithout any breaks in the data, on each labeled axis.   [1]

 45 Plot the data for the incidence of W
est N

ile virus in the U
.S. per 100,000 people. C

onnect the points and 
surround each point w

ith a sm
all circle.   [1]

Exam
ple:

D
irections (44–45): U

sing the inform
ation in the data table on page 29, construct a line graph on the grid  

provided on the next page, follow
ing the directions below

.

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·
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Cases per 100,000 People

Y
e
a
r

In
c
id

e
n

c
e
 o

f W
e
s
t N

ile
 V

iru
s
 

in
 th

e
 U

.S
. p

e
r 1

0
0
,0

0
0
 P

e
o

p
le

 46 B
ased on the data, is it possible to predict w

hat the num
ber of cases per 100,000 people w

ill be for the 
year 2020? Support your answ

er w
ith data from

 the graph.    [1]
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 N

ote: T
he answ

er to question 47 should be recorded on your separate answ
er sheet.

 47 T
he tw

o m
aps below

 show
 the num

ber of hum
an cases of W

est N
ile virus per 100,000 people for the years 

2007 and 2016.

W
e
s
t N

ile
 V

iru
s
 N

e
u

ro
in

v
a
s
iv

e
 D

is
e
a
s
e
 In

c
id

e
n

c
e

R
e
p

o
rte

d
 to

 A
rb

o
N

E
T
, b

y
 S

ta
te

, U
n

ite
d

 S
ta

te
s

Source: http://w
w

w.cdc.gov/w
estnile/resources/pdfs/data/2007StateincidenceM

ap.pdf

2
0
1
6

2
0
0
7

0.00
0.01 - 0.24
0.25 - 0.49

In
c

id
e

n
c

e
p

e
r 1

0
0

,0
0

0

0.50 - 0.99
> = 1.00

Source: http://w
w

w.cdc.gov/w
estnile/resources/pdfs/data/W

N
V-N

euro-Incidence-by-
State-M

ap_2016 _09292017.pdf
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T
he data represented on the m

aps best indicate that
(1) birds have spread W

N
V

 to every state in the U
nited States

(2) N
ew

 York State has the highest rate of W
N

V
 infection for both of the years show

n
(3) once W

N
V

 reaches a state, the num
ber of people infected increases every year

(4) for any given year, it is diffi cult to know
 w

hich states w
ill have the greatest num

ber of cases

 48 E
xplain w

hy som
e people m

ay be m
ore severely affected by W

est N
ile virus than others.   [1]
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B
ase your answ

ers to questions 49 through 51 on the food w
eb below

 and on your know
ledge of biology.

H
um

ans

Sperm
w

hales

Squids

Elephant
seals

Sm
aller

toothed
w

hales

Leopard
seals

C
rab-eater
seals

Baleen
w

hales

Fishes
Birds

C
opepods

Euphausiids
(krill)

Phytoplankton
(algae)

C
arnivorous
plankton

Q
uestions 49 through 51 are continued on the next page. ·
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N

ote: T
he answ

er to question 49 should be recorded on your separate answ
er sheet.

 49 B
ased on the food w

eb, the population that contains the greatest am
ount of available energy w

ould be
(1) seals 

(3) phytoplankton
(2) fi shes 

(4) hum
ans

 
N

ote: T
he answ

er to question 50 should be recorded on your separate answ
er sheet.

 50 W
hich statem

ent best describes w
hat w

ould happen in this ecosystem
 if the phytoplankton w

ere rem
oved 

from
 the food w

eb?
(1) C

opepods and krill w
ould fi ll the vacant niche.

(2) T
he num

ber of heterotrophs w
ould increase.

(3) T
he food w

eb w
ould be disrupted, and organism

s w
ould die.

(4) T
he food w

eb w
ould rem

ain stable.

 51 D
escribe the relationship represented by the arrow

s betw
een squids and fi shes.   [ 1]
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Scientists are interested in studying the effects of a m
other’s alcohol consum

ption on the 
brain developm

ent of the fetus during pregnancy. In order to collect data, scientists typically 
use new

born rats because the rats’ brain developm
ent after birth is roughly equivalent to that 

of a hum
an fetus during the third trim

ester (late in pregnancy). Scientists divided new
born 

rats into four groups and exposed them
 to alcohol using the follow

ing m
ethods:

A
lc

o
h

o
l E

x
p

o
s
u

re
 in

 N
e
w

b
o

rn
 R

a
ts

R
a
t G

ro
u

p
A

lc
o

h
o

l E
x
p

o
s
u

re

1
N

o alcohol exposure
2

4.5g/kg/day given over a 4-hour period
3

4.5g/kg/day given over an 8-hour period
4

6.6g/kg/day given over a 24-hour period

A
t the end of the experim

ent, scientists m
easured the total brain w

eight of the new
born 

d
h

h
b

l

B
ase your answ

ers to question 52 on the inform
ation below

, the graphs on the next page, and on your  
know

ledge of biology.

rats, as represented in the graphs on the next page.
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N
e
w

b
o

rn
 R

a
ts

 E
x
p

o
s
e
d

 to
 A

lc
o

h
o

lSource: Adapted from
 https://pubs.niaaa.nih.gov/publications/

arh25-3/168-174.htm

Peak Blood Alcohol
Concentration (mg dL)

0 50

100

150

200

250

300

350

400

G
roup 1

G
roup 2

G
roup 3

G
roup 4

365

0

195

45

A
. P

e
a
k
 B

lo
o

d
 A

lc
o

h
o

l C
o

n
c
e
n

tra
tio

n
s

    fo
r A

lc
o

h
o

l-e
x
p

o
s
e
d

 N
e
w

b
o

rn
 R

a
ts

N
e
w

b
o

rn
 R

a
ts

 E
x
p

o
s
e
d

 to
 A

lc
o

h
o

l

Total Brain Weight (mg)

0

1,000

G
roup 1

G
roup 2 G

roup 3 G
roup 4

623

842

711

827

B
. T

o
ta

l B
ra

in
 W

e
ig

h
t fo

r A
lc

o
h

o
l-e

x
p

o
s
e
d

     N
e
w

b
o

rn
 R

a
ts

800

600

400

200

 52 State the relationship betw
een peak blood alcohol concentration and total brain w

eight for alcohol-exposed 
new

born rats.   [1]
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B
ase your answ

ers to questions 53 and 54 on the diagram
 below

 and on your know
ledge of biology. 

T
he diagram

 represents a food w
eb in a forest ecosystem

.

Snakes

H
aw

ksFrogs
R

abbits

Foxes

C
atbirds

Butterflies

Earthw
orm

s

SquirrelsTrees

Source: Adapted from
 The Am

erican Biology Teacher
vol.78, N

o.7, Septem
ber 2016, p.577

Q
uestions 53 and 54 are continued on the next page. ·
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 53 A
 student claim

s that this food w
eb represents a stable ecosystem

. State w
hether or not her claim

 is correct. 
Support your answ

er.   [1]

 54 Select tw
o organism

s from
 this food w

eb that com
pete w

ith each other for food, and state one reason w
hy 

they are able to survive in the sam
e ecosystem

.   [1]

O
rganism

s: 
and



Livin
g

 E
n

viro
n

m
e
n

t –
 A

u
g

. ’2
2

40

 55 In the cell below
, identify both the num

ber and nam
e of the structure in the cell that produces proteins.   [1]

2

1

34

N
um

ber of structure:  
 

 

N
am

e of structure:  
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B
ase your answ

er to question 56–57 on the inform
ation below

 and on your know
ledge of biology.

F
ragile X

 Syndrom
e

F
ragile X

 syndrom
e is a genetic disorder associated w

ith a m
utation in a gene located 

on a particular hum
an chrom

osom
e called the X

 chrom
osom

e. T
he disorder results in a 

critical protein, F
M

R
1, not being produced. T

he norm
al F

M
R

1 protein helps regulate the 
production of other proteins that play a role in the developm

ent of nerve cells. T
he situation 

is sum
m

arized below
:

N
orm

al X
 chrom

osom
e →

 norm
al F

M
R

1 protein produced →
 nerve cell developm

ent is regulated

A
bnorm

al fragile X
 chrom

osom
e →

 no F
M

R
1 protein produced →

 nerve cell developm
ent is unregulated

 
56–57 E

xplain how
 the m

utation in the fragile X
 chrom

osom
e affects the body. In your answ

er, be sure to:
 

• state one specifi c reason w
hy the m

utated gene on the fragile X
 chrom

osom
e is unable to produce the 

F
M

R
1 protein.   [ 1]

 
• explain w

hy children w
ith fragile X

 syndrom
e w

ould often have learning disabilities, including speech 
and language problem

s and intellectual disabilities.   [ 1]

P
art C

A
nsw

er all questions in this part.     [17]

D
irections (56–72):  R

ecord your answ
ers in the spaces provided in this exam

ination booklet.

A
nsw

er space for question 56-57 is on the next page. ·
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B
ase your answ

ers to questions 58 and 59 on the inform
ation below

 and on your know
ledge of biology.

T
he chart show

s the reproductive characteristics of three species living in an area that has recently 
undergone a m

ajor environm
ental change.

S
p

e
c
ie

s
M

e
th

o
d

 o
f 

R
e
p

ro
d

u
c
tio

n

F
re

q
u

e
n

c
y
 o

f 

R
e
p

ro
d

u
c
tio

n

A
v

e
ra

g
e

 N
u

m
b

e
r o

f 

O
ffs

p
rin

g
 P

ro
d

u
c
e
d

 

E
a
c
h

 T
im

e

A
Asexual

Every tw
o days

2
B

Sexual
Every tw

o years
4

C
Sexual

Every year
20

 58 E
xplain w

hy species C
 m

ight have a greater chance of avoiding extinction in the changed environm
ent than 

species B
. Support your answ

er.   [1]

 59 State one possible reason w
hy species A

 could be the m
ost successful in surviving an environm

ental change. 
Support your answ

er.   [1]
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B
ase your answ

ers to questions 60 through 63 on the passage below
 and on your know

ledge of biology.

P
lastic B

ags E
veryw

here!
A

s of 2016, A
m

ericans used approxim
ately 100 billion plastic bags annually. A

n average 
fam

ily brought hom
e about 1500 plastic bags a year. L

ess than 1%
 of those bags w

ere 
returned for recycling. T

herefore, m
ost of the bags ended up in landfi lls, w

here it takes 
anyw

here from
 m

onths to hundreds of years for them
 to be broken dow

n. T
hese grow

ing 
landfi lls are destroying natural habitats. M

any of the bags also m
ake their w

ay into oceans 
w

here, if m
istaken for food, they can cause anim

als to choke or starve to death.
A

 group of researchers in E
urope discovered that w

ax m
oth caterpillars could break the 

chem
ical bonds in polyethylene, a polym

er used to produce plastic bags and other products. 
T

hough the scientists don’t know
 the exact chem

ical that the caterpillar is using to break 
dow

n the plastic, they predict it is an enzym
e. O

nce they isolate the chem
ical, scientists m

ay 
be able to m

ass-produce the chem
ical in order to break dow

n the plastic bags accum
ulating 

in the environm
ent.

 60 State one negative effect the overuse of plastic bags is having on the environm
ent.   [1]
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 61 E
xplain w

hy the researchers suspect it is an enzym
e that is enabling w

ax m
oth caterpillars to break dow

n the 
plastic bags.   [1]

 62 E
xplain w

hy using the chem
ical produced by the caterpillars to break dow

n plastic bags could be considered 
an ecologically friendly solution to the problem

.   [1]

 63 Suggest a plan of action, that could be carried out in your local com
m

unity, w
hich w

ould be a step tow
ard 

solving the plastic bag problem
.   [1]
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B
ase your answ

ers to questions 64 and 65 on the inform
ation below

 and on your know
ledge of biology.

P
lants C

lean U
p M

ining W
astes

T
he m

ining of certain m
etal ores, such as copper and lead, can result in the contam

ination 
of soils. W

astes from
 the m

ining process can be toxic to plants and anim
als in the area. It 

has been discovered that som
e species of grass are able to grow

 in these contam
inated areas. 

T
hese grass plants can actually rem

ove som
e of the toxic w

astes from
 the soil and accum

ulate 
them

 in their tissues.
G

row
ing these resistant grass plants in contam

inated soil, then harvesting them
 to 

rem
ove the toxic w

astes from
 the environm

ent, has been suggested as a possible w
ay to 

clean up these areas.

 64 D
escribe one positive and one negative outcom

e of m
ining m

etal ores.   [1]

 65 E
xplain w

hy im
porting grasses to clean up m

ining w
astes in areas w

here those grasses do not norm
ally grow

 
could lead to unexpected environm

ental problem
s.   [1]
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 66 Today, m
any diseases have been linked to m

utations that cause m
itochondria to fail. Patients w

ho suffer from
 

m
itochondrial diseases m

ay suffer from
 fatigue and w

eakness. E
xplain w

hy patients w
ith a m

itochondrial 
disease w

ould tend to experience these sym
ptom

s.   [1]
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B
ase your answ

ers to questions 67 through 70 on the inform
ation below

 and on your know
ledge of biology.

L
essening Snow

 C
over A

ffects Survival of Snow
shoe H

are
Snow

shoe hares are found in the northern evergreen forests of the U
nited States. 

T
he physical characteristics of the hares enable them

 to hunt for food and hide from
 their 

predators during the cold, snow
-covered w

inters. T
hey have large, snow

shoe-shaped feet 
and thick fur. A

 change in fur color during an annual m
olt (shedding) occurs before the 

w
inter season, causing w

hite fur to replace the brow
n fur of sum

m
er.

T
he am

ount of snow
 cover in these northern forests has decreased in recent years. 

R
esearch has show

n that this decrease has had a signifi cant effect on the snow
shoe hare 

population, even though the carrying capacity of the forests has not changed. R
esearchers 

have estim
ated that for every seven days that snow

 covers the ground, the snow
shoe hare 

populations are four tim
es m

ore likely to survive.
Since the m

olt from
 brow

n fur to w
hite fur is a response to the decreasing hours of 

daylight in the fall and not the arrival of snow
, the later the snow

 arrives, the greater the 
chance that the w

hite hares w
ill be caught by their predators.

T
he snow

shoe hare plays a m
ajor role in the stability of these forest ecosystem

s. T
heir loss 

w
ould affect other species such as lynx and great horned ow

ls. If the am
ount of snow

 cover 
continues to decrease, researchers are concerned that it w

ill be harder for the snow
shoe hare 

to survive in their current habitats.

S
n

o
w

s
h

o
e
 H

a
re

Source: Science N
ew

s, April 30, 2016
Q

uestions 67 through 69 are  
continued on the next page. ·
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67 E
xplain how

 snow
 cover affects the population of the snow

shoe hare.   [1]

68 Identify the environm
ental factor that stim

ulates the fur color of the hare to change from
 brow

n 
to w

hite.   [1]

69 Identify a specifi c environm
ental issue that is m

ost likely to affect snow
shoe hare populations in northern 

ecosystem
s. Support your answ

er.   [1]
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70 G
raph 

A
 

below
, 

based 
on 

1985 
data, 

represents 
the 

tim
e 

of 
the 

year 
w

hen 
the 

fur 
color 

of 
the 

snow
shoe 

hares 
in 

the 
northern 

R
ockies 

does 
not 

m
atch 

the 
color 

of 
their 

surroundings. 
T

he bold line on each graph indicates the period of tim
e that snow

 covers the ground. T
he shaded area in 

the graphs represents this m
ism

atch of color. G
raphs B

 and C
 show

 future projections.

1985
A

2075
C

Date
9/17

10/7
10/2711/16

12/6
3/16

4/5
5/15

6/4
6/24

4/25

Percent of White Snowshoe Hares
1006040200 80

2045
B

1006040200 801006040200 80

Color M
ism

atch of Snowshoe Hare to Its Environm
ent

Source: Adapted from
 L.Scot M

ills,et al.
PN

AS(2013).D
O

I:10.1073/pnas.
1222724110

Q
uestion 70 is continued  

on the next page. ·
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Identify one change in the characteristics of the snow
shoe hares in this ecosystem

 that w
ould m

ost likely be 
selected for if the trend show

n in graphs B
 and C

 proves to be true.   [1]
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T
ro

p
ic

a
l w

o
rk

e
r a

n
t (Cephalotes atratus)

Source: The Am
erican N

aturalist, 2008,
171:4, 536-544

Sw
ollen red

abdom
en

B
ase your answ

ers to questions 71 and 72 on the inform
ation below

, on the next page, and on your know
ledge 

of biology.

Q
uestions 71 and 72 are continued on the next page. ·
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R
oundw

orm
 P

arasite C
auses Tropical A

nt to L
ook L

ike a B
erry

Scientists have discovered a parasitic roundw
orm

 that m
akes its ant host look like a juicy, 

red, ripe berry. W
orker ants collect m

aterials from
 the soil to feed the larval ants. O

ften, the 
soil also contains roundw

orm
 eggs that are consum

ed by the ant larvae.
T

he roundw
orm

s develop from
 the eggs w

ithin the ant larvae, m
ate, and produce 

hundreds of roundw
orm

s. A
s the roundw

orm
s develop, they cause increased reddening of 

the developing ant’s abdom
en and take nutrients from

 the ant. Just as a fruit reaches peak 
color w

hen its seeds are ready for dispersal, the infected ant’s abdom
en reaches peak redness 

as the roundw
orm

 eggs m
ature.

B
irds don’t norm

ally eat the foul-tasting ants, but are thought to eat the ants infected 
w

ith roundw
orm

s since they look like red berries. T
he roundw

orm
 eggs m

ove through the 
bird’s digestive system

 unaffected and pass to the soil in the bird’s feces.

 71 State one reason this roundw
orm

 is considered a parasite to this species of tropical ant.   [1]

 72 D
escribe one advantage the roundw

orm
 has by having birds involved in part of its life cycle.   [1]
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B
ase your answ

ers to questions 73 and 74 on the inform
ation below

 and on your know
ledge of biology. 

T
he photograph show

s tw
o birds on a bird feeder.

Source: http://birdfeederhub.com
/best-large-capacity-bird-feeders/

P
art D

A
nsw

er all questions in this part.     [ 13]

D
irections (73–85): F

or those questions that are m
ultiple choice, record on the separate answ

er sheet the 
num

ber of the choice that, of those given, best com
pletes each statem

ent or answ
ers each question. F

or all 
other questions in this part, follow

 the directions given and record your answ
ers in the spaces provided in this 

exam
ination booklet.

B
ase your answ

ers to questions 73 and 74 on the inform
ation below

, on the next page, and on your know
ledge 

of biology. T
he photograph show

s tw
o birds on a feeder.

Q
uestions 73 and 74 are continued on the next page. ·
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Studies have show
n that the length of beaks w

ithin a songbird population m
ay be 

infl uenced by the presence of bird feeders. W
hen bird feeders w

ere w
idely used in one area, 

birds w
ere observed to have longer beaks. In an area w

here bird feeders w
ere not used, the 

beaks of these species w
ere of average length.

 
N

ote: T
he answ

er to question 73 should be recorded on your separate answ
er sheet.

 73 O
ne possible reason for the increase in beak length is that birds w

ith longer beaks
(1) w

ere less likely to have offspring w
ith long beaks

(2) had a m
ore successful adaptation for survival in the area

(3) needed to reach the seed w
ithin the bird feeder, so their beaks grew

 longer
(4) had m

ore com
petition than other birds at the bird feeders

 
N

ote: T
he answ

er to question 74 should be recorded on your separate answ
er sheet.

 74 T
he presence of bird feeders in an area w

ould represent a
(1) selecting agent 

(3) source of m
utation

(2) feedback m
echanism

 
(4) biological catalyst
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B
ase your answ

ers to questions 75 through 77 on the inform
ation below

 and on your know
ledge of biology.

T
he E

lephant Shrew
T

he elephant shrew
 spends its days searching the leaf litter on the forest fl oor for insect 

prey. W
hen fi rst discovered, due to structural sim

ilarities, the elephant shrew
 w

as classifi ed 
w

ith other shrew
s and their relatives. H

ow
ever, scientists recently reclassifi ed the elephant 

shrew
, as show

n in the evolutionary tree below
:

All other
m

am
m

als

Shrew
s

&
relatives

Prim
ates,

rodents,
rabbits &
relatives

Tenrecs
G

olden
m

oles
Aardvarks

Elephant
shrew

s
M

anatees
H

yraxes
Elephants

M
arsupials

Source: Adapted from
 http://evolution.berkeley.edu/evolibrary/new

s/080301_elephantshrew

N
ew

O
riginal

Q
uestions 75 through 77 are continued on the next page. ·
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N

ote: T
he answ

er to question 75 should be recorded on your separate answ
er sheet.

 75 T
he new

, m
ore accepted classifi cation of the elephant shrew

 is m
ost probably based on an analysis of

(1) the coloration of the elephant shrew
’s fur

(2) the feeding habits of the elephant shrew
 com

pared to other shrew
s

(3) a num
ber of new

ly found shrew
 fossils

(4) the D
N

A
 present in the cells of the elephant shrew

s

 
N

ote: T
he answ

er to question 76 should be recorded on your separate answ
er sheet.

 76 A
ccording to the new

 evolutionary tree, elephant shrew
s are m

ost closely related to
(1) m

anatees and hyraxes
(2) shrew

s and their relatives
(3) tenrecs, golden m

oles, and aardvarks
(4) prim

ates, rodents, rabbits, and relatives

 77 T
he elephant shrew

 is at risk for extinction because its habitat is very lim
ited. T

he elephant shrew
 can only 

be found in tw
o forest locations w

ithin the country of Tanzania. E
ven though these locations are protected, 

they could be harm
ed by fi res and hum

an activity. E
xplain w

hy it is im
portant to continue to protect the 

habitat in w
hich the elephant shrew

 is found.   [1]
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B
ase your answ

ers to questions 78 and 79 on the inform
ation below

 and on your know
ledge of biology.

A
 student hypothesized that the pulse rates of his classm

ates w
ould increase after w

alking. 
T

he student then obtained pulse rates from
 fi ve classm

ates after they w
alked for 15 m

inutes. 
T

he data, in beats per m
inute, w

ere recorded as: 78, 68, 84, 88, and 90.

 78 Identify the dependent variable in this investigation.   [1]

 79 Identify one error in the experim
ental procedure.   [1]
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 80 D
raw

 a line on the graph provided that show
s the relationship betw

een exercise and oxygen consum
ption. 

Support your answ
er.   [1]

E
x
e
rc

is
e

Oxygen Consumption

Support:

G
O

 R
IG

H
T
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N
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H

E
 N

E
X

T
 PA

G
E

 ·



Livin
g

 E
n

viro
n

m
e
n

t –
 A

u
g

. ’2
2

62

A
 student prepared tw

o potato cubes by cutting 2 cm
 x 2 cm

 sections from
 the sam

e 
potato. N

ext, she determ
ined the m

ass of each of the cubes and recorded the inform
ation in 

her lab notebook.
She then placed one cube in a beaker of distilled w

ater and the other in a beaker w
ith 

an equal volum
e of concentrated salt solution. A

fter 20 m
inutes, she rem

oved both of them
 

from
 the beakers and again determ

ined the m
ass of each cube.

 
N

ote: T
he answ

er to question 81 should be recorded on your separate answ
er sheet.

 81 W
hich statem

ent correctly describes the effect on the m
ass of one of the cubes after the 20-m

inute period?
(1) In distilled w

ater, the m
ass of the potato cube increased due to salt leaving the cells of the potato.

(2) In distilled w
ater, the m

ass of the potato cube increased due to w
ater m

oving into the cells from
 high 

concentration to low
 concentration.

(3) In the concentrated salt solution, the m
ass of the potato cube increased due to salt m

oving into the cells 
from

 low
 concentration to high concentration.

(4) In the concentrated salt solution, the m
ass of the potato cube rem

ained the sam
e due to the cell w

all 
preventing the m

ovem
ent of m

olecules into or out of the cells.

B
ase your answ

ers to questions 81 and 82 on the inform
ation below

, on the next page, and on your know
ledge 

of biology.

G
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N

ote: T
he answ

er to question 82 should be recorded on your separate answ
er sheet.

 82 T
he student placed a thin slice of potato in a drop of w

ater on a glass slide. She added a coverslip and a 
drop of indicator. U

sing a com
pound light m

icroscope, she exam
ined the slide of potato and m

ade the 
draw

ing below
.

Source: https://com
m

ons.w
ikim

edia.org/

Blue-black-stained
structures

T
he blue-black-stained structures labeled in her draw

ing are m
ost likely

(1) chloroplasts 
(3) ribosom

es
(2) starch grains  

(4) sugar m
olecules
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B
ase your answ

ers to questions 83 through 85 on the diagram
 below

 and on your know
ledge of biology.

Tests w
ere perform

ed to help identify the person w
ho com

m
itted a crim

e. L
ane D

 
contained D

N
A

 from
 evidence found at the crim

e scene. L
anes A

, B
, and C

 contained D
N

A
 

from
 each of the three suspects.A

B
C

D

Q
uestions 83 through 85 are continued on the next page. ·
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83 Identify the technique used to obtain the results seen in the diagram
.   [1]

84 B
ased on the data, w

hich lane m
ost likely contained D

N
A

 from
 the suspect w

ho com
m

itted the crim
e? 

Support your answ
er.   [1]

85 Identify the lane that contained the band w
ith the shortest fragm

ents of D
N

A
. Support your answ

er.   [ 1]



Printed on Recycled Paper



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


