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Numeric Response Practice (AP Review Notebook)

Science Practices

. A plant geneticist is investing the inheritance of genes for bitter taste (Su) and explosive rind (e) in

watermelon (Citrullus lanatus). Explosive rind is recessive and causes watermelons to burst when cut.
Non-bitter watermelons are a result of the recessive genotype (susu). The geneticist wishes to determine
if the genes assort independently. She performs a testcross between a bitter/nonexplosive hybrid and a
plant homozygous recessive for both traits. The following offspring are produced:
BN bitter/non-explosive — 88
BE bitter/explosive — 68
NN non-bitter/non-explosive ~ 62
NT non-bitter/explosive — 81
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Calculate the chi-squared value for the null hypothesis that the two genes assort independently. Give your
answer to the nearest hundredth.

0

D

2949

£

74,715
7405
2475
7415

0-€
12,25
-b.95

-12.15

.25

0-e)°
175.662
45,53

1b2.5b3
39.003

X=5651 =566

©-e]e

2,249
C.b\0
2.175

0.523

2. Results of a Drosophila mating between F flies resulted in 58 flies showing red eyes (a dominant trait)
and 42 flies showing sepia eyes (recessive). Calculate the Chi-square value for the hypothesis that both F1
flies were heterozygous for eye color. Give your answer to the nearest tenth.
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R |Rel Rr| #Red
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phent® o
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3. Ahetero red eyed female was crossed with a red eyed male. The results are shown below. Red eyes
are sex-linked dominant to white, determine the chi-square value, Round to the nearest

hundredth. E
Phenotype # flies observed =
| = Red
Red Eyes 134 f \
White Eyes 66

prenotpe 0 & (0e) (0-e) (v-Dle

Red \24 150 -jb 256  [.707

266 5,12
- b 50 1% Zle
white

200

1= 6.927=[6.93 ]

| 4, In corn (Zea mays), purple kernels (R) are dominant to yellow kernels (r). Cobs from the offspring of a
cross between a purple plant and yellow plant were used in a lab. A student counts 329 purple and 299
yellow kernels on one cob.

Calculate the chi-squared value for the null hypothesis that the purple parent was heterozygous for purple
kernels. Give your answer to the nearest hundredth.

clReler | Sporpte

¢ lee ler | 5 NeAOwW

phenotyPe o e (-8 (0-e" (o)

[ m———

279 24 = 225 0. 717

vellow 299 34 5 225 07N
b2 1% 1,424 41,43




5. In a certain species of flowering plant, the purpte allele P is dominant to the yellow allele p.

A student performed a cross between a purple- flowered plant and a yellow-flowered plant, When
planted, the 146 seeds that were produced from the cross matured into 87 plants with purple flowers and
59 plants with yellow flowers.

Calculate the chi-squared value for the null hypothesis that the purple-ﬂox;gred parent was heterozygous
fophe flower-color gene. Give your answer to the nearest tenth.

e |Felep | 7 purpie

+ P‘Fl 12 Ji\f@t\o\(\/ .
phens g e oe @& Q&€
pueple  ®1 T3 14 19 2.0
yeAiow 5 I3 -4 9 2.b%

1=5.30 =[5.4]

6. Treatment of tomato plants with a growth hormone yielded the following weights of tomatoes: 100 g, 86
g, 123 g, 98 g, 104 g, 71 g. What is the average weight of a tomato after treatment?

100 + Db T123+98 + IOh+71] 592 _[o
: b = "_';" “"

7. A certain mutation found in fruit flies (Drosophila melagaster) is hypothesized to be autosomal
recessive. The experimenter crossed two Drosophila flies that were heterozygous for the trait, The next
generation produced 80 wild-type males, 65 wild-type females, 26 males with the mutation; and 40
mutant females. Calculate the chi-square value for the null hypothesis that the mutatien is autosomal

| dendeR dags ist MatkR
| 24 wid Ty pe

. V4 vtant

WT=80+b5 =146

M= 40+ 2b = b

pneno 9 < ©-& @ ©-¢rle
wild-type 146 168,25 -13.25 115563 1109
577C 13,26 Ssw3  3.32%
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8. In pea plants, smooth seeds are dominant to wrinkled, and purple flowers are dominant to white. In a
dihybrid cross where 9:3:3:1 ratio is expected, the following data was collected:
Smooth and Purple = 223

mooth an ite = a = 3— = . ‘
?Nrinktlt:d aic\lagluiple 3489 o Shnooth & PUYP'@ 12 Wvg”ﬁdﬁ‘j 0,

Wrinked and White = 33 3 -, A ’
ST o = SnEUthdwhie & = unnikied &

Determine the chi-square value. Round to the nearest hundredths. V\/h l

| -e 0-ef  (0-e'le
Bﬁ@ o3 2433 -18313 3353k [,%290
AP 64 Bo4zB  3OL2 120D 015

BMO0tn|white 0q  godzn  B.Svz 13308 091

| 29779 - 429
WA Q0 e baE1 3821 422
wninéed waffe 22 =94 = K=3.487

9. Grasshoppers in Madagascari%w variation in their back-leg lme following data, determine
the standard deviation for this data. Round the answer to the nearest hundredth.

Length {em): 2.0,2.2,2.2, 2.1, 2.0, 2.4, and 2.5 X=20+2,2+2.2+2\ t 2.0+

-— N , R 2.4 +2.5
7 (2-2.2+ (2272 r (22720 (2.1-2.2)%+ —
(2-22)"+ (24-2.9°¢(2,5-2.2)° X=1541 =22

o
,o4+o+o+,0\+,D4*.04+.D°l=.zz/b &l =[0. 04

10. Initial mass of pumpkin cores was measured in grams. What is the average initial mass for the pumpkin
cores? Round to the nearest hundredth.

29.15, 28.45, 30.92, 29.25, 32.09, 31.67
2915+ 2045 + R0 .92 + 29.25 + 22,09+ 3| 7
(»

’ C.
‘%‘;3:30.259 = [302C |




11.

offspring consist of:

d d

Two Wisconsin fast plants are crossed. One has the recessive dwarf trait, but the normal pigment
anthocyanin, while the other has the recessive anthocyanmless trait, but is on normal height. Their

A a

89 plants of normal height and pigment

93 anthocyaninless plants and normal height
96 dwarf plants and normal pigment

94 anthocyaninless, dwarf plants

. —
ploalpd| 2 |aa
4 {dd \dd 2 A \aa

expected: :1:]:

A student proposes that the parent plants® genotype must have been ddAa for the dwarf parent and Ddaa
for the anthocyaninless parent, Calculate the chi square value that would be used to confirm this

hypothesis. Round to the nearest hundredths.

phend £
normal pigment 4
45

A0, normal
AWARE, nopmal 1z

14

e
93
93 0
a2 3

92 I

-4

0-&  (0-8)"

AnFno, AWARE

R

312

2) o-e)le
(L 0112
0 0
q 0.097
! 0. 011

0.2%9

X% 0.28)

12. In a certain species of plant, the allele to produce green melons (G) is dominant over the allele to produce
yellow melons (g). A student performed a cross between a plant that produced green melons and a plant

that produced yellow melons.

When the student observed the next generation, the 94 seeds that were

produced from the cross matured into 53 plants with green melons and 41 plants with yellow melons.
Calculate the chi-squared value for the null hypothesis that the green-melon parent was heterozygous for

the melon-color gene.

G 9

6999
69194 |

3 dReen  LNEHOW

ph@ﬂ@f}jp@ 0 € 0-¢ @'e)z' CO;’?ﬂf’
Green 53 41§ 3L 0.7bb

4|
94

Yelow

3b

0.0k
1.6372

=153



13. Data taken to determine the effect of temperature on the rate of respiration in a goldfish is given in the
table below. Calculate Q¢ for this data. Round to the nearest whole number.

b 10
0, = | L2k - (21-1b)
Qli,} (f\! E QID - 22_
Temperature Respiration ] ‘0
(<) Rate (Min) ‘OI 5
16 16 K, = 2_‘_%
o
21 4, 22 Kz

(1319
= 1.9

KQo=2

Unit 1: Biochemistry

14. If C;V; = C¢Vy, where i is the initial solution concentration and fis the final concentration, how many
milliliters of a 0.5 M glucose solution would you need in order to make 250 milliliters of a 0.1 M glucose
solution?

0.5M (V)= (0. \m)(250mL) V=50

. (C.IM(250mL)
Vi 0.5M = /0

15. According to the Acid Rain Monitoring Project at the University of Mass, the pH measured at King
Phillip Brook on April 10, 2012 was near 5, which the pH measured at Robbins Pond on that same date
was near 9. Deremine to the nearest whole number how many times greater the hydrogen ion
concentration was at King Phillip Brook.

o7 -15° = (07

[T0,000]




16. An enzyme in the liver removes a phosphate group from glucose so the glucose molecule can enter the
bloodstream, providing energy for cellular respiration to the cells of the body. The rate of enzyme activity
can be monitored by measuring the phosphate concentration over time. In this experiment, liver cells
were placed in a phosphate solution, and every 5 minutes cells were removed and the intracellular
concentration of phosphate was measured. What is the rate of phosphate formation per minute from 15 to

20 minutes?
Time Phosphate A
(min) Concentration Roﬁ—‘e ._:/
(umol/mL) AX
RafC = 2770 - 190
20-1S

fATe = A0 = |§
5

17. An enzyme in the liver removes a phosphate group from glucose so the glucose molecule can enter the
bloodstream, providing energy for cellular respiration to the cells of the body. The rate of enzyme activity
can be monitored by measuring the phosphate concentration over time.

Data from the experiment:

Time Phosphate RO\-\'@ = A—\i
(min) Concentration AX
(umol/mL})

Rattt = 190710
(5-5

20 270 Ra{_ 1O

What is the rate of phosphate formation per minute from 5 to 15 minutes?

18. Joe has a 2g/L solution. He dilutes it and creates a 3L of 1 g/L solution. How much of the original
solution did he dilute? Round to the nearest tenth.

GV, = Ce Vs
29 {v.)- | I BL‘)

Vi= 1BV _ 5L
29



19. Hydrogen peroxide is broken down to water and oxygen by the enzyme catalase. The following data were
taken over 5 minutes. What is the rate of enzymatic reaction in mI/min from 2 to 4 minutes? Round to

the nearest hundredth.

Amount of Og
produced {mL)

1 2.3

Time (mins)

. By
RO\’W" AX
Roﬂ-@: 5.5"3b

4-2

Rave= 1.9

20. The loss of water by evaporation from the leaf openings is known as transpiration. The transpiration rates

of various plants are shown below,

O —
500 i 450
B 400 |-
a
3 303 -
£ 200
s
100 -
02 1 5 & 18
Cactus | Sunflower A;rp t)aafm
Tomato Ragweed @& A '

Transpivation Rates for Plants

How many liters of water per week are lost by a coconut palm?

T5hteRS | Tdays _
d“\f (wk ~

526 Lwk

L




21. Compare the number of H+ ions in a solution with a pH of 2 to a solution with a pH of 6. If appropriate,
include a negative sign in your answer,

pH=10°  p=l0""  10-107= 1D

| 10,000 ]

-4

Unit 2: The Cell

22. A cell is in equilibrium with its surroundings. The molarity of the surrounding solution is 0.8 M.
Calculate the solute potential of the surrounding solution.

where:
1 = ionization constant (assume that it is 1)
C = molar concentration

R = pressure constant (R = 0.00831 liter MPa/mole K) < N({¢* s e d drfftRent
T = temperature in Kelvin (assume a room temperature of 293 K) Wt than e

AP Bi Drmvida
Yo 10, 2M)(0.0082) M o) (242 ) eicet

W@z'“lF%¢7

23. Simple cuboidal epithelial cells line the ducts of certain human exocrine glands. Various materials are
transported into or out of the cell by diffusion. (The formula for the surface area of a cube is 6 x §2, and
the formula for the volume of a cube is $?, where S = the length of a side of the cube.) How many of the

small cell could fit inside the larger cell?
3
(L0) = 1000

| Vemall
17 V\ar{’.@ (20)°= BODO

10pm 20pm
2. )
{000

24, Scientists are trying to determine under what conditions a plant can survive. They collect the following
data and would like to know the water potential of the plant cell. The solute potential is -0.6 MPa and the
pressure potential is -1.0 MPa. What is the water potential? Round to nearest hundredths.

k\): &,‘)\01—\\?6

— —|.OMPa + - 0. bMPY

W - -|oMP |

The equation for solute potential is: '¥s = -iCRT \.2 -
|Y¥e=-195

1]

it




1= T=22°0c+ 213 =295

25. Potato cores wgke placed in solutions of varying concentrations and were found to neither gain nor lose

mass in a sucrose solution of 0.32M. Use thig/information to calculate the solute potential of the potato
cores. The temperature of the solution is 22°C

Wg = - (KT

- (N(0.32m)(0.0231)(295)
= -e44

26. How many molecules of ATP are required for the transport of 600 sodium ions out of the cell? Refer to
the process of sodium and potassium transport. See the following equation

Vi

%“‘7.?)4[

ADP
+ HaPOy4
I?JQ'?& e ] e +3 Na' oursme ceLL
2K OUTSIDE} + 2 K* |NSIDE CELL
CELL

OONAT] i ATP

- - |200Pr"ﬂ0

27. Determine the surface area-to-volume ratio for a cube that has a side length of 2.5 cm. The volume of a
cube = (D(w){(h). The surface area = 6 x area of a single side

S b(2.9)° v-(2.5) &322

\G. 25
b(6.25) V=19.625
=215

28. How many potassium ions can be transported into the cell with the hydrolysis of 200 ATP molecules?
Refer to the process of sodium and potassium transport. See the following equation

|
N

ey ADP
+ HQO + H2POs
+3 Na* INSIDE CELL > + 3 Na' oursinE CELL
+ 2 K* e ceLL

200KTP| 27 |

TATe 400\4*]




izl 12770 12713 = 300

29. The molar concentration of a sugar sojytfon in an open beaker has been determined to be 0.3M, Calculate
the solute potential at 27 degrees Celsius. Round your answer to the nearest tenths.

\\)g, = -1 CRT .
= (1)(0.2M) (0.0931)(300) ¥o= 1.5 J
7,47

30. Refer to the following data taken from osmosis experiments on potato cores.

Percent change in mass

-5
R
0

T T
0.2 04 0.6 0.8 ]

Sucrose concentration {M)

What is the solute concentration of the potato celis? Record your answer to two decimal places
(hundredth place).

31. What is the SA/V for this cell? Round your answer to the nearest hundredth?
oh oprere: ATV
= 4T (5)°
= {001
o . 3
V ophntve: 47y
= Ao (€3
27 (5)

S (125)

SO0
3

L

it




32,

What is the water potential for a solution that is 0.1 M? The solution is in an open container. The
equation for water potential is:

water potential () = pressure potential (¥'p) + solute potential (‘¥s)

The equation for solute potential is:

. \\?5= -0.24

where:
i = ionization constant (assume that it is 1)
C = molar concentration

R = pressure constant (R = 0.00831 liter MPa/mole Ki<=Tnis 154 |:ffC\Qfer tan AP Hiemuls sheet |

T = temperature in Kelvin {(assume a room temperature of 293 K)

kﬁ)e"' -(N(0.1MY(0.0093 1 “M 4non) (293 K)

33,

34.

- - 0243

Four blocks of phenolphthalein agar are placed in a vinegar solution. The pH indicator solution changes

to pink when in contact with an acidic solution,
Cf = 2(2x4) + 22X 4) + 2(4x4)
= M.
V= 2X4X4
VOIUI’HC: 52 - 82

Surface Area/Volume: 2

Block A:2ecmx 4 ecmx 4 cm

Surface Area: M

S by, -
SRR E
Four blocks of phenolphthalein agar are placed in a vinegar solution. The pH indicator solution changes

to pink when in contact with an acidic solution,

Block B: 2emx 8 cm x4 cm

oh = 2(2xD) +2(9x4) + 2(2x4)
= B2+ b4 tib
Volume: 64 = \\Z

Surface Area/Volume: |75 V= 2Xgx4
- b4

Z -

Surface Arca: {|Z.
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35. Four blocks of phenolphthalein agar are placed in a vinegar solution. The pH indicator solution changes
to pink when in contact with an acidic solution,

Block C: 1 cmx 8 cm x 8 cm o = 2“)(8)»1-2(\;(8) +2.( OAB)
Surface Area: H{)o = lb* e+ ‘2‘8
Volume: (<} = b0
, V= Txpx g
Surface Area/Volume: 2 G,
. = b4
o . bl -
< Je4T 20

36. Four blocks of phenolphthalein agar are placed in a vinegar solution. The pH indicator solution changes
to pink when in contact with an acidic solution,

Block D: 1 em x 1 cm x 64 cm Ghr=2(1%1) +2{ 1xb4) + 2(1X4)
_ = 2+129+t12%
Surface Area: Z,b% = 5%
Volume:
me o V= 1%\ X b4
Surface Area/Volume: 4{—‘ 03 = b4

: S =

a. Which block would the vinegar solution penctrate most thoroughly into after ten minutes?

B> \2795 %D becavst it has greatost iV
=2

LDb.: w;%c%%mck would have the greatest volume of pink phenolphthalein at the end of ten minutes?
A= 32

e % A bCCavse 1t has smalest
| D= o4 volvme *



Unit 3: Cell Energetics

37. The following chart shows the energy products produced in various stages of the breakdown of glucose.

Process ATP NADH/FADH:2
Produced Produced
Glycolysis 2 2 NADH
Pyruvate Oxidation 1| NADH
(per molecule of '

pyruvate)
Citric Acid (Krebs) 1 3 NADH
Cycle 1 FADH;

per molecule of pyruvate

Each molecule of NADH results in approximately 2.5 molecules of ATP, whereas each molecule of
FADH; results in approximately 1.5 molecules of ATP when these molecules are fed into the electron
transport chain.

What is the difference in the total number of ATP molecules produced between three molecules of
glucose that undergo fermentation compared to three molecules of glucose that undergo aerobic
respiration? o

FeRNeNTOIOY S glywweis dlne

2 ATP
2 pNAREE 2 NO 10
total = Z2ATP X3 gluwse = bATE

LA\ REGPIRATION 2 Al 3 steps

GWLDWSIS
2ATP
2ZNADIT 2 2(2.5)= AP 46-b 40 ATP

PYRWiTe OX | difference
INADYT 2 2 (2,5) = SATP

(xZ pyrWWaAHLS)

Krehs (ke
| 2 2(\) = 2ATP
INADH 3 b(2.5) =1GmP
(FADH23 2(),5)= 2ATP

(x2 I
Pevates) ZATC 13 Auise = ALATP




38. The enzyme phosphofructokinase (PFK) is an allosterically regulated enzyme that catalyzes the following
reaction.

Fructose-6-phosphate + ATP <> Fructose-1,6-bisphosphate + ADP

The graph below shows that at certain concentrations ATP inhibits the enzyme, whereas AMP activates
it. According to the information presented in the graph, when the concentration of fructose-6-phosphate
is 0.5 mM, how many times more active is PFK in cells with 1 mM ATP + 0.1 mM AMP than in cells
with 5 mM ATP? Express your answer to the nearest whole number.

v

max

[nitial Reaction Rate, V,,
(relative units)
h

1.0 | 2.0 3.0
Concentration of Fructose-6-phosphate (mM)

39. Refer to the following table.

Location Substrate Product NADH FADH: ATP
Cytosol Glucose 2 pyruvate 2 0 2
Mitochondria Pyruvate Acetyl-CoA + 1 0 0
: - Cy
Mitochondria Acetyl -CoA 2 COs 3 ] 1
Mitochondria (REREIGHIHEEE 8 Acetyl-CoA 7 7 0

According to the table, how many NADH are produced from the complete oxidation of 1 molecule of
palmitoyl-CoA to 16 carbon dioxide molecules?

| PAlrnrtoyh - CoR | BA ety \3‘\“’“7“ - 24 NADH
1 Pai. LV Aoy

| Pty wh | 4 NADH N
|1 Palmitoy)




40. Glutamine is formed from glutamic acid by adding an ammonium molecule to glutamine. The overall
reaction is endergonic, requiring 3.4 keal/mole. The energy for the reaction comes from the exergonic
splitting of a phosphate from ATP to form ADP, which releases 7.3 kcal/mole. What is the free energy

change for this coupled reaction?

glvtanmc A ot m = gwtanmine
ATY F P +ADP

-39

41. Refer to the following graphs.

(A)

+3,4 Kl /mol
- 7.3 Edl[mp)
— 3 9 Ecol /o)

(B)
% 8 2N
o'
iy
& \
| 2
&

TIME TIME

Calculate the activation energy (Ea) of the process represented in graph A,

Ea=12-2 ‘:EQ-'



42. Based on the data shown, calculate the average rate of increase in oxygen consumption for animals
acclimated to 5°C as the temperature increases from 10°C to 30°C. Give the answer in mL O2/g/h/°C to

43.

the nearest tenth.

EFFECT OF TEMPERATURE ON
RATE OF OXYGEN CONSUMPTION

a
g RATE = %‘XD’
S 200 :
g < 160 - 3
= 1204 -
2 = 1D
=2 g0 >n
> _ :
SE 20
(T
o 40
9 RAte = 5,5
& 0 : : :
0 10 20 30
Temperature (°C)
—@®— Acclimated to 5°C
—N\— Acclimated to 25°C
Refer to the following table.
Location Substrate Product NADH FADH: ATP
Cytosol Glucose 2 pyruvate 2 0 2

Mitochondria R AT S S T s 0 0

Mitochondria RGO TR 1 1

Mitochondria  Palmitoyl-CoA 8 Acetyl CoA 7 7 0

Vite

How manyP K molecules need to be completely oxidized to carbon dioxide to produce 24 NADH
molecules?

kcel Wk 2200, = BNADH
PJRuvAtL > aoety\uopf;.|r\rﬁ@\—r

ANADH o ZANADYE] T PYRW. _| |
ANAIT_ -\ b pupovar
PRI |t NI Lo pyesvare]




44. Refer to the following graphs.

45,

) (®)

FREE ENERGY (kJ}

TIME TIME

Calculate the free energy change (AG) of the process represented in graph B.

Unit 4; Genetics & Molecular Genetics

In E. coli the DNA is 24% adenine, Based on this, what percentage of this DNA is guanine?

A-T  241A=241T * 49 =52 )5 =
(=& 100 -49 = 52

46. A certain species of ptant has four unlinked genetic loci, W, X, Y, and Z. Each genetic locus has one

47.

dominant allele and one recessive allele. For a plant with the genotype WwXxYyZz, what is the
probability that the plant will produce a gamete with a haploid genotype of Wxyz ? Give your answer as
a fraction or as a value between 0 and 1, to four decimal places.

VY/W X\Lx Yf Zf Yox X fox Yz 2| e o 0.0025

i \ \

/2 2 o
In a dog breed known as the Mexican Hairless, the “hairless” phenotype is a result of a mutation
displaying an autosomal dominant pattern of inheritance. Homozygous recessive individuals (hh) display

a “coated” phenotype. Inheriting two copies of the mutation (HH) is lethal during embryonic
development.

In a cross between two dogs with the hairless phenotype, what proportion of puppies born is expected to
be hairless? Give your answer in the form of a fraction.

t h i
A W= halri6 oS

2 _
S hatiross




48. Wild-type fruit flies have red eyes (+). The “white-eyed”phenotype (w) is recessive and results from a
mutation on the X chromosome. During a lab, students cross a white-eyed male with a homozygous
red-eyed female. A red-eyed female and a red-cyed male from the F) generation are then bred to produce

573 offspring. XW\/ X X.+>(.|_ — X+y « X*XW

How many of the offspring are predicted to be white-eyed males? Round your response to the nearest
whole number.

XY X 1 4"\/\/‘/\“@ O\{OYYW@
>(+ x+)(w X+\/ X+ Xw + | B _
XDGxy] e x 9157 4325 - 43 |

49, In snapdragons (Antirrhinum), the phenotype for flower color is governed by two alleles —red (R} and
white (W). Heterozygous individuals have pink flowers. Two pink individuals are crossed to produce 465

offspring. C/\QOW % CFCW

Calculate how many of these offspring are expected to have the red phenotype. Round your response to
the nearest whole number, '

(R
145 = 1ib.25 =1k

50. In snapdragon plants that display intermediate dominance, the allele C* produces red flowers and C¥
produces white flowers. In a homozygous red-flowered snapdragon is crossed with a homozygous
white-flowered snapdragon, what will the percentage of pink offspring be?

CRCRx W oW

l00]. pIVK |




51. In fruit flies gray body is dominant to black body and normal wings are dominant to vestigial wings. Flies
heterozygous for both gmgisedisy and morHialsgines were crossed with flies that hadGIERIEEGHES and
TERIBIASIRES. The following results were obtained:

Phenotype Number of

] parenta)

Black body/N ormal 92 -
wings ]

Gray body/Vestigial 103 K@WW\WW} &V)TS
wings

The results indicate that the genes for wings and body color ate on the same chromosome. The
recombinant offspring are a result of crossing over. How many map units (expressed as a percent) apart
are the two genes? The formula for calculating recombination frequency is:

Recombination frequency = number of recombinants/iotal number of offspring x 100

421102 = 145 = 09T X000 = |b.97
497+472+92+103 149

52. Calculate the number of different gametes that can be produced by a plant that is heterozygous for seed
shape and color, flower color, and stem length.

Sf Cf Ff [:LI 252425 2416]

2 2 2 2

53. A linear strip of DNA has Gwosmestistionssites for the restriction enzyme@i@RAand THRESTCH
for the restriction enzyme BEBEIRALL the strip of DNA was incubated with the restriction enzymes then’
the cut DNA was collected and run on an electrophoretic gel, how many bands would be expected on the

gel?
I 2 3 4 5 L ¥Nute | am Juet
e e M  dRawing e
H B ® B N Wis m A steand

of INEAE DNA X

b fRagments S| b pands
KNOTE: i e fRagment 15 came oz, it Wbl Apped 45 4 band %




54. In pea plants T = tall, t = dwarf, R = round seeds, and r = wrinkied seeds. If a TtRr plant is crossed with a
Ttrr plant, what fraction of the offspring will be tall and wrinkled?

4 X‘/2:

55. In a diploid organism with the genotype AaBbCCDDEE, how many genetically distinct kinds of gametes
would be produced?

Aa Bb CC DD bbb
(P P PR ,
2 X2 X { x box | = 4

56, A woman with blood genotype I*i and a man with blood genotype I®i have two children, both type AB.
What is the probability that a third child will be blood type AB?

IB b { —-ATB
14105 ] il
T L 14

v

57. A yeast cell in the early portion of interphasc of meiotic cell division has 24 fg of DNA (fg=1x 10"
grams). If the yeast cell completes meiotic division to form four haploid cells, how many fg of DNA
would be expected in each haploid cell?

a8
infekph g 24

s 49 Ity |
N 27 0 DA |

MIr 12




58. Based on the pedigree below, what is the probability that a male child born to individuals 6 and 7 will be
color-blind?

y X n¥ed
X & XTY

L aieo bomn QOO [ d
aﬁc W\OY ' \O\nd | " Family 'Free for Color Blindness

Unit 5; Evolution

59. Some people have the ability to taste a bitter chemical called phenylthiocarbamide (PTC). The ability to
taste PTC is due to the presence of at least one dominant allele for the PTC taste gene. The incidence of
nontasters in North America is approximately 45%. Assuming the population is in Hardy-Weinberg
equilibrium, what percent of the North American population is homozygous dominant for the ability to
taste PTC? Provide your answer as a number between 0 and 1 to the nearest hundredth.

pl g lp |2pq|q” ey
025|067 |.104 )44 (045 P- Ol |

60. In a population of grasshoppers, the allele for tan color is dominant to the allele for green color. A drastic
increase in rainfall leads to selection against the tan phenotype. When the rainy season ends, 23 percent
of the remaining grasshoppers have the green phenotype. If this population is now in Hardy-Weinberg
equilibrium, what will the frequency of the tan allele be in the next generation?

P14 Pilral| a” |
052|043 [0.27 |o.50 | 0.23 [p- 052]




61.

62.

63.

|

The radioisotope potassium-40 can be used to date past events older than 60,000 years. Potassium-40 has
a half life of 1.3 billion years, decaying into Argon-40. If the igneous rock layer that scientists wish to
date shows a ratio of Potassium-40 to Argon-40 at one-fourth the current ratio, what is the age of the rock
layer? Express your answer in billions of years,

I,-—a%—-‘y.}jf— 50.. 2 haf oS 13 bilion ygaRe X 2=
(2. pillion yeags

Refer to the following graph of allele frequencies in a hypothetical population of tropical insects. Their
color is determined by a single gene with two alleles. M (red) is dominant to m (black). Allele

frequencies over 35 years are summarized as follows. ~
heERUZgote S
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n 1980, what percentage of red insects are heterozygous?

Q-ﬁg—, - 092 *ICC = !62‘/_ |
05) |

Twenty people decide to start a new population, totally isolated from anyone else. Two of the individuals
are heterozygous for a recessive allele, which in homozygotes causes cystic fibrosis. Assuming this
population is in Hardy-Weinberg equilibrium, what fraction (expressed as a decimal) of people in this
new population will have cystic fibrosis?

2 CC Pl 4.1pP%|2¢q.] 9>

20¢& oﬁsloogioqo'ooqﬁ }ooozs

p:: 4_0 :Oqg OODZS '

gr/;

allele = 21942 r
=39 qehoHRISIS

39
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64. In a population of turtles, the allele that causes a yellow shell (Y) is dominant to the allele that results in a
red shell (y). If the dominant allele is present in the population at the 0.72 level and the population is in
Hardy-Weinberg equilibrium, what percent of the population would b&@xpected to have a red shell?
Express your answer to the nearest tenth of a percent.  ~

p g |p” 12,001\0?2

072\02‘8»‘091%\041,3 ] 0.01%

ey

65. Refer to the data below. The alleles show complete dominance (the heterozygote has the dominant
phenotype). The population from which the data were taken has random mating. Assume all individuals

are diploid.
Generation Number of Number of
Individuals with the individuals with the
dominance recessive phenotype
phenotype
1 880 120
2 800 200
3 740 260
4 710 290
5 660 340
6 650 350
7 655 345

genekatioy) |

120

q/-o.a%

goreRation 7
5"2)50 - 0.245 q/
0 q70.591

What is the change in the recessive allele frequency between generations 1 and 7? Provid€ your answer to
the ones place (zero decimal places).

0681~ 0.24b = 024 9 [24]

66. Refer to the data above in #65. What percentage of the population in generation 5 is heterozygous?
Provide your answer to the ones place (zero decimal places).

oi&:l

1]206/ I as

042

0. 54

L 240 /1000

Hﬁmo‘zygoue 3 0.487

il




67. Ina population of certain frogs in which the allele for brown skin is dominant to the allele for green skin,
a drought leads to selection against green-skinned frogs. When the drought ends, 12 percent of the
remaining frogs exhibit the green-skin phenotype. If the population is now in Hardy-Weinberg

equilibrium, what will be the frequency of the green-skin allele in the next generation? Provide your
answer to the nearest hundredth.

vl g | pfz'|2r—pa£,| A

1 7 1 H
065 1035 lo42 {o4¢

0

aigen  alledt

68. In a population of king snakes the banded pattern (B) is dominant to no banding (). If 12% of the
population shows no banding, what percentage of the population, to the nearest tenth, is heterozygous for

banding?

0.12 0.35 |

Plalp*|zpa (47

065|035 |04z [0455 | 0.12

t 145, ¢
allele frequencies in a hypothetical population of tropical insects. Their

69. Refer to the following graph o

color is determined by a single gene with two alleles. M (red) is dominant to m (black), Allele
frequencies over 35 years are summarized as follows.
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In 2005, what percentage of the population is expected to be homozygous?

0.21% 100 = [81]




70. If 250 people out of a population of 1,000 are born with sickle-cell anemia, how many people in the
population will be more resistant to malaria because they are heterozygous for the sickle-cell gene?

P 14 | PllzP%] q’ 0.5 x 1000 =[500 |

05 |05 |o2s [os |0.25
0

250 1000

71. Refer to the data in #65. The alleles show complete dominance (the heterozygote has the dominant
phenotype). The population from which the data were taken has random mating. Assume all individuals

are diploid.
Generation Number of Number of
Individuals with the individuals with the
dominance recessive phenotype
phenotype .
1 880 120
2 800 200
3 740 - 260
4 710 290
5 660 340
] 650 350
7 655 345

Estimate the number of recessive alleles in generation 1 of the population.

] p_| 4 ‘ Pz |2|% I a 0.453X 1000 = 453 hetero
L7

T NG T + {AA
o.b5¢l0.34b|o423,]0_465 IO.]Z RCC@%W:%&?CM?SB

D20) 1000 =693
72. A census of birds nesting on a Galapagos Island revealed that 24 of them show a rare recessive condition
that affected beak formation. The other 63 birds in this population show no beak defect. If this population
is in HW equilibrium, what is the frequency of the dominant allele? Give your anwer to the nearest

hundredth.

p | o = z
| ’ I/I)D “7’191/‘&71;’—
0475 o.szsl 0224 l 0499 | 0.2k

\ oy

At
allele 049




73. Using the figure below, approximately how long ago did the last common ancestor for gibbons,
orangutans, gorillas, chimpanzees, and humans diverge?
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74. The figure provides information about radiometric dating. Note that the radioactive “parent” isotope
decays to a daughter “isotope” at a constant rate. The age of artifacts containing wood can be dated
accurately to about 75,000 years old using carbon dating. The half-life of radioactive decay of carbon-14
to carbon-12 is about 5,730 years. In a sample to be analyzed, the carbon-14 to carbon-12 is 1/8. What is
your estimate of the age of the artifact to the nearest year? -

Figure 255

Accumulatihg
“daughter”
“isotope

Fraction of parent
isotope remaining

Time {half-lives)

BN s B 32

2 hatb Ives 57120 ks _ o
it U190




75. In a population of trogons (a type of bird) tail banding (B) is dominant to no tail banding (5). If 68% of

the population shows tail banding, what percentage of the population to the nearest tenth, is heterozygous
for tail banding?

P19

2

| 2pq, | 4% 0.449] X\00

04%4|05%lm%l©4071 loaz

i-0.02

=149.1 !

76. In a population of 250 peas, 16% of the peas are homozygous recessive wrinkled and the rest are smooth.
What is the frequency of the dominant allele for smooth peas?

plq

| P* [2pg | g7

ob 104 loaw,lo%: [ 0.1 0.6

0

dominant aliele

77. Refer to the following graph of allele frequencies in a hypothetical population of tropical insects. Their
color is determined by a single gene with two alleles. M (red) is dominant to m (black). Allele

frequencies over 35 years are summarized as follows,
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In 2005, what percentage of the population is expected to be red?
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78. 1n a population that is Hardy-Weinberg equilibrium, the frequency of the homozygous recessive
genotype is 0.09. What is the p and q value for this population?

Pl gl ¢ l2pq | 94°
o1 oz lowalouz 1004

pzo."Y
q,° 0.3

79. In a population that is Hardy-Weinberg equilibrium, the frequency of the homozygous recessive
genotype is 0.09 What is the frequency of individuals homozygous for the dominant trait?

P‘\a;,lp‘?’ | 2p aq,”

0.1 | o.% lo'.t{fq 90142- | 0.09
) _

NI s ‘
Aom% + 047,

80. In a population that is Hardy-Weinberg equilibrium, the frequency of the homozygous recessive
genotype is 0.09. What is the frequency of individuals that show the dominant trait?

o | g | ¢ | 20q g%
| (74 f i L l/
0.7 | c?2 | 049 l 042 | 0.0

|
dopinant
At

0.49+ 042 :@ ]




Unit 6: Ecology

81. Use the graph below to calculate the mean rate of population growth (individuals per day) between day
3 and day 5. Give your answer to the nearest whole number.

_ By o
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82. After seven days of growth, a plant’s weight was 14.3 grams. The percent biomass of that plant was
determined to be 23.1 percent. What amount of energy (in kcal) is stored in the plant, if the amount of
stored energy = (g biomass) x 4.35 kcal?

g biomass = [4.39 x 0.22)
= 33,3033

83. A population of d¥éY mice on an island has a carrying capacity of 350 individuals. If the maximum rate of
increase is 1.0 per individual per year and the population size is 275, determine the logistic population
growth rate to the nearest mouse.

()

4t
0 (275)(%50 —179>

il

350

= 589




84. Use the graph to calculate the mean rate of population growth per day between days 4 and 8. Give your
answers to the nearest whole number,

83.

86.

87.
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following table:
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A hypothetical population has a carrying capacity of 1,500 individuals and rmax is 1.0. Fill out the
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A hypothetical population has a carrying capacity of 1,500 individuals and rmax is 1.0. Fill out the

following table:

Population size

Population
growth rate
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A hypothetical population has a carrying capacity of 1,500 individuals and rmax is 1.0. Fill out the

following table:
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88. Under favorable conditions, bacteria divide every 20 minutes. If a single bacterium replicated according
to this condition, how many bacterial cells would one expect to find at the end of three hours?

ZnNRs| o min | [ dwvbion -
e [omin © dviEns 71-l9)7.

89. A population of 20 bobcats was introduced to a barrier island to help control the large rodent population.
The bobcat population’s birth rate is 0.48 bobcats/year per capita, and the death rate is 0.21 bobcats/year
per capita, Given the initial bobcat population, predict the population size after 2 years on the island.

(Round to the nearest whole number). Y= U“’d =0.4%-0.21 =.Z1

oty AN = N
\é—hﬂg 91}7!;(?27(21)) Zﬂé{\‘/r A :(I\] N:’ %28

f
3 -0.21(264) _
- o4 = 6.959 -

90. A group of 11 dﬂ’aphnia, small crustaceans known as water fleas, were placed in one of three culture jars
of different sizes to determine their reproductive rate. The graph below shows the average number of
offspring produced per female each day in each jar of pond water.

-
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" Key: (N)Water fleas in a L-Jiter jar of pond water
Water fless in a 0.5-liter jar of pond water
(€ Water fleas in a 0.25-liter jar of pond water

What is the total number of offspring found in the 0.5-liter jar on the twentieth day, assuming all survive?

100 2 = RO0]



91. Use the graph below to calculate the lag time in months between the change in the densities of the prey
and the predator populations. Give your answer to the nearest tenth of a month.
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92. The trophic level efficiency of large herbivores such as elks is frequently only about 5 percent. In tons,
what volume of plants would be required to maintain 24,000 Ibs of elk?

- 2HOWOMbSs 480000 1S | |4
HODOIDS _ 4g0; - 1240 tone
0.06 | 200015 \"

93. There are 2000 mice living in a field. If 1000 mice are born each month and 200 mice die each month,
what is the per capita growth rate over a month? Round to the nearest tenths.

b-d = v
I0CC - 200 = g00 -
2000 200

0.4



94.

9s.

How much carbon (in g/m?) is released into the atmosphere as a result of the metabolic activity of
herbivores? Give your answer to the nearest whole number,

CARBON FLOW IN A GRASSLAND ECOSYSTEM

Respi_ra%en Respiration «I

4 o/m?

Grass Predutors

,{ ﬁﬂ e’

125 g/m®
(litter)

250 g/m®
(ronts)

Respiration
SoilfDecomposers 336 g/m?

125 9Jm? - b0 9Jm? - S9Jm? - Rogpirathon
Recpivanon = |60 9m? |

Ecologists often cannot count all the individuals in a population. In such cases, the mark-recapture

method may be used to estimate population size. An ecologist wished to estimate the population of

snapping turtles in an isolated farm pond. On the first trapping #§ sgwere caught and @EEkgdiwith a

harmless mark on the top of the sheli Two weeks later a second trapping was conducted where e
: ! { using the formula

g: [&] h=22 x=9
where N = population size estimate, s = number of turtles marked in the first trapping, n = number of

turtles caught in the second trapping, and x = number of turtles that were marked in the second trapping,
what is the population estimate of snapping turtles to the nearest hundredith?

N = \"_1(%’%_?;): W

96. On average, there is a 90 percent reduction of productivity for each trophic level. Based on this

information, 10,000 pounds of grass should be able to support how many pounds of crickets?

10,000x 90/ = | 1000 |




97. The net primary productivity of a particular wetland ecosystem is found to be 8000 kcal/m?. If respiration

98.

by the aquatic producers is 12,000 keal/m? per year, what is the gross annual primary productivity for this
ecosystem in kcal/m? per year? Round to the nearest whole number.

Net= gr05S -Regpirafidn)
3000 = gR0L6 ~ 12000
gRUGS = 20000 |

To estimate the size of an animal populafion, researchers often use a method known as mark-recapture,
which involves marking individuals from a large population for easy identification upon recapture. The
mark-recapture method assumes that the proportion of marked individuals in the recapture group is equal
to the proportion of marked individuals in the entire population,

Researchers used the mark-recapture method to estimate the number of individuals in a population. Using
the results presented in the table below, estimate the total number of individuals in the population. Give
your answer to the nearest whole number.

Number of Total Number of
Marked Individual
Individuals
Recapture group 14 g8
Entire population 180 ?

|4

70

e > y = 820130) |
o0 x > X Ve - 1214
EN

99. What percent of the biomass in the forest community represented above is tied up in the shrub layer?
Give your answer to the nearest whole number.

 Reflected | Energy Lost Tree Layer

4.3 % 10° 14 % 10° Sl

. _ | Shrub Layer

Sotar Radiation Absorbed Encrey Accumnlated h .
as Bromiss -
23 % 10° 1.5 % 108 .
| Herb Layer
&l i
Transiitled
: 3

6.4 % 10° fLLO] X 10 =0 ZEE%

19 X1p>

g 25/

1A (04 = [2x107 + x+ 1 x10°

19X 10° = 12%10° - [)x 10 32= y
4.9x (0% =x




Unit 7: Animal Systems
100. At this moment your heart is pumping about 70 mL of blood per heartbeat and your heart is beating at a

rate of 72 beats per minute. How many liters of blood will you pump in the next hour? (Answer to the
nearest tenth
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