


Chemical Bonds

 lonic
« Covalent
» Hydrogen

-~ s —



Water

» High Specific Heat
 High heat of vaporization
» Evaporitive Cooling

» Adhesion/Cohesion

» Polarity







pH Scale

« Acids donate? ions
« Bases donate ? ions 6
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pH Scale

: 'Acids donate H+ ions
« Bases donate OH- ions 6

10
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13
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The following are pH values: cola-2;
orange juice-3; beer-4; coffee-5; human |
blood-7.4. Which of these liquids has the
highest molar concentration of OH-?

cola

orange juice

beer

coffee

human blood
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- Based on your knowledge of the polarity of
water, the solute molecule is most likely *

positively charged.
negatively charged.
neutral in charge.
hydrophobic.
nonpolar.
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d.

If the pH of a solution is increased from pH

8 to pH 9, it means that the

concentration of H+ is 10 times greater than what it
was at pH 8.

concentration of H+ is 100 times less than what it was
at pH 8.

concentration of OH- is 10 times greater than what it
was at pH 8.

concentration of OH- is 100 times less than what it
was at pH 8.

e. concentration of H+ is greater and the concentration

of OH- is less than at pH 8.

¢



Table 4.1 Functional Groups of Organic Compounds |
Functional Group Formula Name of Compounds Example !

H H

|| *
—OH H—C—C—OH

H H ¢

Ethanol
[the drug of alcoholic beverages)

0 HH o
| | 2
—C H—C—C—C

"

i s ——

H Wi M

Propasal

H OH

I I |
n—clz—c—clz—c
H H

Metone

H—C—C

7 X
C

H
./;fo I /0
\
O

N\

OH ]Il OH

(mon-wnized ) (omized)

Aceticacid®
{the acud of vinegar|
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Table 4.1 Functional Groups of Organic Compounds

Functional Group

Hydroxyl

Carbomd

Carboxyl

(on - wonized)

Formula

—OH

(8

"

(vomixed )

Name of Compounds

Akohok

Aklehydes

Ketanes

Carboxylic acids

W

Ethanol
[the drug ot alcoholic beverages)

HH o
| | »
u—(lt—(lt—c
H H Y
Propasal

H OH

LI
n—(I:—c—cl—c
H H

Metone

H

| /0
H—C—C
lll OH

Aceticacid®
{the acud of vinegar|
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\ \ 7 N

H H Q H
R 7
—N/ —'N/;H C—C—N
H H HO H

[on-iosiaxd) Honaeed! Ghvaine*
Lo armine aod)

0
-()—”—0’ H—(:I—L—(.—O—
J- ¥

g Glycerol phasphate

"~ *The ontaed forms of the carboxyd and amino grougs prevall in cels. However, aceth actd and glycine are represented
y N here i their nom-foreoed forms s
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Amine

H H
/
=N ~"N=H
N N
H H

[on-iosiaxd) [oneed)

N\

Arnines

HO/

Glyane*
(an armine aoud)

H
O H
Yot

\
[ H

=

H H 1

H—C—C~=SH {

l!l I

Fibamthiol 1
0 OHOH H O

Phosphate -, ’)_0‘ Crganic phosphates ll—é—é—(lj Y P
& W &

Glycesol phasphate

Sulflydryl —sH Thioks

*The tonkasd forms of the carboxyl and amino grougs prevall in cels. However, acetk actd and glycine are represented
Bhere i their nom-jorsaed foems
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Name the Organic Molecule




X e =
\ \
Ir—O—X Ir—O—X
/ /
L——x Ir—O—X
\ \
Ir—O—I II—O—X
/ /
I—0—X Ir—O—X
\ \
Ir—0O—X I—O—X
/ /
FE——df—== =
\ \
r—0Q—X r—Q—X
/ /
r—0O—X Ir—0O—X
\ \
=—0— I—0O—X
/ /
r—0O—X r—QO—XI
\ \
Ir—O—I II—0O—X
/ /
I—0—I r—O—XI
\ \
Ir—O—XI Ir—Q—XI
/ /
II—0O—I Ir—O—I
\ \
r—0O—xX r—0Q—x
| Qmmt | | Qe |
[ | | |
O o
- = - — |
T 7
p o p o
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5
1
val Phe Gl arg

*H N

Glu
- o Leu
m’m Lys Met Ala Ala Ala
Gly
Leu
Asp
Asn *° Tyr SOF Leu Gly
Tyr Arg Gly Asn
25 ap  Tp
,Phelys Ala Als cyg Val

Gl
Ser

n
25

Ser Asn ' “Asn
Asp 0 Cys Leu
119 the Ala Ser Yal

Asn
85

100 Val lle Ly. Lys Ala cv‘
Ser A val 110
Asp 108 Ala P Ala
Asn
Gly Met Trp
5 Arg
= "5 Asn

Val Asp
& r Gly Lys Cys Arg

Ala 126 //
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H O

N/

1C|> 6CH,0H
H—C—OH Y

HO —3<|:—H H\ / .|4 v

H—*C—oH * 4/c\°|” H /o
H—5(I2—OH OH 3? z‘f
H—6(|:—OH H OH

;

(a) Linear and ring forms

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings

(b) Abbreviated ring structure
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H,C CH,
CH3 CHs

CH,

HO D
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- What happens when a protein denatures?
a. ltloses its primary structure. |
b. It loses its secondary and tertiary structure.

c. It becomes irreversibly insoluble and
precipitates.

d. It hydrolyzes into component amino acids.

e. Its hydrogen bonds, ionic bonds, and peptide
bonds are disrupted.




Which of the structures in this figure is an |
impossible covalently bonded molecule?

A B. C
= Bl
H
Sy B >N—-0—H Hef—H. . H—C—C=0-=H
- C H l |
AR H H
— E D'H E.H ¥ |
oo o,
H H O—H |



Energy and Metabolism
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What is occurring in these Pictures?

- e A it N g

— P—— — . > = "

Potential energy of molecules »

Progress of the reaction —
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Free energy ——»

Progress of the reaction —>»
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Rate of reaction —»

|
0 20 40 6I0 80

Rate of reaction —>»

I
100

Temperature (°C) —>»
0 1 2 3 4 5 6 7 8 10
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- Which of the following reactions could be |
coupled to the reaction ATP + H20 — }

ADP + P (-7.3 kcal/mol)?
a. A+ Pi— AP (+10 kcal/mol)
B + Pi— BP (+8 kcal/mol)
CP — C + Pi (-4 kcal/mol)
DP — D + P/ (-10 kcal/mol)
E + P/i— EP (+5 kcal/mol)

Reate - O

R e e =

P
—g— WJ‘I‘—\W“_ )'-O‘Ph )
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- A solution of starch at room temperature dces |
not decompose rapidly to a sugar solution *

because

a. the starch solution has less free energy than the

sugar solution.

b. the hydrolysis of starch to sugar is endergonic.

c. the activation energy barrier cannot be
surmounted in most of the starch molecules.

d. starch cannot be hydrolyzed in the presence of SO | t

much water.

:

e. starch hydrolysis is nonspontaneous. |

.

.
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Increasing the substrate concentration in |

an enzymatic reaction could overcome

which of the following?

a. denaturization of the enzyme
allosteric inhibition
competitive inhibition
noncompetitive inhibition
iInsufficient cofactors

s/00 o



- Which of the following represents the AG of
the reaction?

|
A Vo SN Lt @l

Free Energy —>»




- Which of the following would be the same in an
enzyme-catalyzed or -uncatalyzed reaction?
= e—Cl

I
® O O T

Free Energy ———>»
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- In which cell would you expect to find the |

most tight junctions?

a. Muscle cell in the thigh muscle of a long-

distance runner

b. Pancreatic cell that manufactures digestive

enzymes

c. Macrophage (white blood cell) that engulfs

bacteria

d. Epithelial cells lining the digestive tract |
e. Ovarian cell that produces estrogen (a steroid |

hormone)

|
:
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- In which cell would you expect to find the

most lysosomes?

a. Muscle cell in the thigh muscle of a long-

distance runner

b. Pancreatic cell that manufactures digestive

enzymes

c. Macrophage (white blood cell) that engulfs

bacteria

d. Epithelial cells lining the digestive tract |

)

e. Ovarian cell that produces estrogen (a steroid |

hormone)
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An artificial cell consisting of an agueous solution
enclosed in a selectively permeable membrane has
just been immersed in a beaker containing a
different solution. The membrane is permeable to
water and to the simple sugars glucose and
fructose but completely impermeable to the
disaccharide sucrose.

Environment

“Cell”
0.01 M sucrose

0.03 M sucrose 0.01 M glucose
0.02 M glucose 0.01 M fructose

& b , publi
_H;’_‘ I e = \:‘/’— —



»  Which solute(s) will exhibit a net

diffusion into the cell?

a. sucrose
b. glucose
c. fructose

“cel I”

0.03 M sucrose
0.02 M glucose

0.01 M sucrose

0.01 M glucose

0.01 M fructose ’

Environment

!



»  Which solute(s) will exhibit a net
diffusion out of the cell?

Environment

a. SUCrose «genr
0.01 M sucrose

b_ glucose 0.03 M sucrose 0.01 M glucose
0.02 M glucose 0.01 M fructose

c. fructose



Which solution is hypertonic to the
other?

a. the cell contents
b. the environment

Environment
“ce“”

0.01 M sucrose
0.03 M sucrose 0.01 Mglucose
0.02 M glucose 0.01 M fructose



In which direction will there be a net
osmotic movement of water?

a. out of the cell
b. into the cell

c. neither
Environment
“ce“”
0.01 M sucrose
0.03 M sucrose 0.01 Mglucose
0.02 M glucose 0.01 M fructose



'

. After the cell is placed in the beaker, which |
of the following changes will occur? ’

a.
b.
C.

T
T
T

ne artificial cel
ne artificial cel

ne entropy of t

will become more flaccid.
will become more turgid.

ne system (cell plus

surrounding solution) will decrease.

. The overall free energy stored in the system

will Increase.

. The membrane potential will decrease

|

s i
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- A solution of 1 M glucose is separated by a t
selectively permeable membrane from a solution |
of 0.2 M fructose and 0.7 M sucrose. The |
membrane is not permeable to the sugar
molecules. Which of the following statements is

correct?

0.2 M fructose

1Mel
grucose 0.7 M sucrose

selectively permeable membrane

Side A is hypotonic relative to side
B.

The net movement of water will
be from side B to side A.

The net movement of water will
be from side A to side B.

Side B is hypertonic relative to
side A.

There will be no net movement

of water. .

s
4
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CYTOSOL MITCHONDRION
>
Electron -
shuttle across |6 NADH| |2 FADH,|
membrane 1
LYCOLYSI 4 1
lbieielbis 32 2 ’ ELECTRON
TRANSPORT CHAIN
Glucose E> Pyruvate ‘ b OXCARYE
‘ ' PHOSPHORYLATION
\/ N
|  +2ATP — 0 to about 2 ATP +2 ATP +about 34 ATP |
by substrate-level  depending on shuttle by substrate-level by oxidative
phosphorylation that transports electrons phosphorylation phosphorylation

from NADH in cytosol

\

v

Abo

Maximum per glucose: 38 ATP
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Proteins Carbohydrates

Amino | Sugars
acids

J

V \/
Glycerol Fatty

acids

GLYCOLYSIS

Glucose

=

Glyceraldehyde-3-(F)

TR — Pymﬂvate

[ AcelylCoA

K———

U

ELECTRON
TRANSPORT
CHAIN AND
OXIDATIVE
PHOSPHORYLATION
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LIGHT REACTIONS

Light

CALVIN CYCLE

/NADP*‘

ADP
/*'
A4

Chloroplast

—

Photosystem Il
Electron transport chain
Photosystem |

Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.
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RuBP
3-Phosphoglycerate

Starch
(storage

Amino acids
Fatty acids

et A A — —— -

Sucrose (export) =



Sugarcane

Cs4
Cco,
Mesophyll © CO, incorporated
cell Organic acid into four-carbon
organic acids
(carbon fixation)
Bundle- co,
sheath =i,
cell @ Organic acids
release CO, to
Calvin cycle
Sugar

~ (a) Spatial separation of steps
Copynght © Pearscn Education, Inc., publishing as Benjamin Cummings

Organic acid

c02 Day |
e

A

Night

(b) Temporal separation of steps



Below is an absorption spectrum for an

unknown pigment molecule. What color
would this pigment appear to you?

violet
blue
green
yellow
red

© 00 T W

A

Absorbance

400
violet

Wavelength of light (nm) 700 |

blue

green

yellow red j
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- In green plants, most of the ATP for
synthesis of proteins, cytoplasmic |
streaming, and other cellular activities

comes directly from

a. photosystem I.

the Calvin cycle.

oxidative phosphorylation.

© 00O

cyclic photophosphorylation.

noncyclic photophosphorylation.

P — PP E— R — - -

P
—g— WJ‘I‘—\W“_ )'-O‘Ph )



- What portion of an illuminated plant cell |

would you expect to have the lowest pH?

a. nucleus

vacuole

chloroplast

stroma of chloroplast
thylakoid space

© a0 o



A new flower species has a unique

photosynthetic pigment. The leaves of this
plant appear to be reddish yellow. What
wavelengths of visible light are not being

absorbed by this pigment?
a. red and yellow

blue and violet

green and yellow

blue, green, and red
green, blue, and violet

© 00O



- Some photosynthetic organisms contain

chloroplasts that lack photosystem Il, yet are able
to survive. The best way to detect the lack of |
photosystem Il in these organisms would be

a. to determine if they have thylakoids in the

chloroplasts.

to test for CO, fixation in the dark.

® o o00C

to test for liberation of O, in the light.

to do experiments to generate an action spectrum.
to test for production of either sucrose or starch.



» Assume a thylakoid is some
so that the interior of the thy

'

Now punctured |
akoid is no longer

separated from the stroma. |
have the most direct effect o
following processes?

a. the splitting of water
b. the absorption of light energy

c. the flow of electrons from photosystem |l to

photosystem |
d. the synthesis of ATP

e. the reduction of NADP+

"his damage will
n which of the

by chlorophyll



- Which of the following conclusions does not
follow from studying the absorption spectrum for
chlorophyll a and the action spectrum for

photosynthesis?

a. Not all wavelengths are equally effective for
photosynthesis.

b. There must be accessory pigments that broaden
the spectrum of light that contributes energy for
photosynthesis.

c. The red and blue areas of the spectrum are most |
effective in driving photosynthesis. |

d. Chlorophyll owes its color to the absorption of |
green light. |

e. Chlorophyll a has two absorption peaks. /,_r\

7 .’
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- Which of the following processes could still |
occur in a chloroplast in the presence of
an inhibitor that prevents H* from passing
through ATP synthase complexes?

a. sugar synthesis

photophosphorylation
the Calvin cycle
oxidation of NADPH

© 00T

generation of a proton-motive force



- The diagram below represents an experiment t

with isolated chloroplasts. The chloroplasts z
were first made acidic by soaking them in a

solution-at pH 4. After the thylakoid space
reached pH 4, the chloroplasts were transferred
to a basic solution at pH 8. The chloroplasts are
then placed in the dark. Which of these

compounds would you expect to be produced?

pH 7 \/’ pH 4 «_/ \

tion, Inc., publishing as Benjamin Cummings.
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ATP

NADPH + H*

G3P

ATP and NADPH + H+t

ATP, NADPH + H*,

and G3P |

:

.

.
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- When electrons flow along the electron

-~ e T P

transport chains of mitochondria, which of
the following changes occur?

a.
b.

The pH of the matrix increases.

ATP synthase pumps protons by active

transport.
The electrons gain free energy.

ADP to form ATP.
NAD+* is oxidized.

. The cytochromes of the chain phosphorylate ,



* In the 1940s, some physicians prescribed low
doses of a drug called dinitrophenol (DNP) to

help patients lose weight. This unsafe method

was abandoned after a few patients died. DNP

uncouples the chemiosmotic machinery by

making the lipid bilayer of the inner mitochondrial

membrane leaky to H+. What impact does this

have on ATP production? *

a. reduces substrate level phosphorylations ,
increases substrate level phosphorylations |
reduces oxidative level phosphorylations ;
iIncrease oxidative level phosphorylations f

This would have no impact on ATP production. /’—r\

® 00O
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- Cyanide is a poison that blocks the passage of |

¢

electrons along the electron transport chain.
Which of the following is a metabolic effect of this |

poison?

a. The lower pH of the intermembrane space is much

lower than normal.

b. Electrons are passed directly to oxygen, causing cells |

to explode.
c. Alcohol would build up in the cells.

d. NADH supplies would be exhausted, and ATP

synthesis would cease.

e. No proton gradient would be produced, and ATP

synthesis would cease.

P S P — R — - -



- Which kind of metabolic poison would most |

directly interfere with glycolysis?

d.

an agent that reacts with oxygen and depletes its
concentration in the cell

an agent that binds to pyruvate and inactivates it

an agent that closely mimics the structure of
glucose but is not metabolized

an agent that reacts with NADH and oxidizes it to |
NAD* '

|
an agent that inhibits the formation of acetyl :
coenzyme A |



* You have a friend who lost 15 pounds of fat |

on a diet. Where did the fat go (how was it

lost)? *

a. Itwas released as CO, and H,O.

b. Chemical energy was converted to heat and then
released. |

c. Itwas converted to ATP, which weighs much less |
than fat. ‘.

d. It was broken down to amino acids and |
eliminated from the body. ’

e. It was converted to urine and eliminated from the |

:

body.



T “Tropicof
Cancer
Equator 748 BN
% Continental, 3 \.] lh
Tropic of ' S a '/”
Capricorn -
30°S

[:' Lakes
Rivers Intertidal zones |:| Oceanic pelagic
|:| Estuaries |:| Coral reefs - Abyssal zones

(below oceanic pelagic) 3
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Tropic of
Cancer

———Equator

Tropic of

[ Tropical forest

[ ] Polar and high-mountain ice [[] Temperate deciduous forest

[ ] savanna [ Chaparral [ | Coniferous forest
[ ] Desert Temperate grassland [ ] Tundra (arctic and alpine)
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Behavioral Ecology

* |nnate Behavior
— FAP

- Learning
— Imprinting — critical period
— Associative learning

- Classical conditioning (pavlov)
 Operant conditioning

— Play



- Animal Cognition (percieption and
processing)
— Taxis
— Kinesis
— Migration
- Social Behavior
— Hierarchy
— Agonistic
— Territoriality
— Courtship rituals

A -
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- f=)

o o

o o
|

Number of survivors (log scale)
—
o
|

Percentage of maximum life span
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2,000 -
dN
a9t 1.0N| Exponential
~ growth
- 1,500
N
k7
g Logistic growth
g 1,000 dN 1,500 - N
= _ ’ -
) dt_1'°N( 1,500
Q.
500 -
0 T T I
0 5 10 15 :
Number of generations '%
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Maximum

Positive

0

Population growth rate (dN/dfi)

Negative

Population size (N)

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



Density dependant inhibition
Density independent inhibition
R selected species

K selected species

-~ s —



Rapid growth Slow growth Zero growth/decrease

Kenya United States ltaly
Male Female Age Male Female Year of birth Male Female
80+ | Before 1915
75-79 | 1915-1919
70-74 l l 1920-1924
65-69 1925-1929
60-64 1930-1934
55-59 1935-1939 |
50-54 1940-1944 |
45-49 | | 1945-1949 | l
40-44 l | 1950-1954 | l
| | 35-39 | 1955-1959 | |
30-34 | 1960-1964 I
[ | 25-29 | | 1965-1969 |
| | 20-24 | 1970-1974 | |
[ | 15-19 1975-1979 | |
| | 10-14 1980-1984 | |
5-9 1985-1989
[ B [ 0-4 | | L i 19901994 | | || |
8 6 4 2 0 2 4 6 8 6 4 2 0 2 4 6 6 4 2 0 2 4 6
Percent of population Percent of population Percent of population
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G. fortis

G. fuliginosa

= \;a IBeak depth

e e

Sympatric Santa Maria,
opulatlons San Cristobal

G. fortis,

I allopatric Daphne
20
0- ' J T T T

8 10 12

gigggﬂ'{é"sa’ Los Hermanos

Percentages of individuals in each size class

I 1|4 | 1l6
Beak depth (mm) J

i g p—— .
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Symbiotic Relationships

« Parasitism
 Mutualism
« Commensualism
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Open ocean
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3. Which of the following is true about

iImprinting?

a. It may be triggered by visual or chemical
stimuli.

b. It happens to many adult animals, but not to
their young.

c. ltis atype of learning involving no innate
pehavior.

d. It occurs only in birds.

e. It causes behaviors that last for only a short
time (the critical period).




4. Every morning at the same time John went into

the den to feed his new tropical fish. After a few
weeks John noticed that the fish would rise to
the top of the tank as soon as he would enter the

room. This is a good example of
1. habituation.

iImprinting.

classical conditioning.

operant conditioning.

maturation.

e



9. Adog learns that it will get a treat when it

barks. Which of the following might you use

to describe this behavior?

1. The dog is displaying an instinctive fixed action

pattern.

BT IN

conditioning.

ne dog is performing a social behavior.
ne dog is trying to protect its territory.

ne dog has been classically conditioned.
ne dog's behavior is a result of operant



6. The presence of altruistic behavior in animals Is
most likely due to kin selection, a theory that
maintains that

1. aggression between sexes promotes the survival of the
fittest individuals.

2. genes enhance survival of copies of themselves by
directing organisms to assist others who share those
genes.

3. companionship is advantageous to animals because in the
future they can help each other.

4. critical thinking abilities are normal traits for animals and
they have arisen, like other traits, through natural selection.

5. natural selection has generally favored the evolution of
exaggerated aggressive and submissive behaviors to

resolve conflict without grave harm to participants. /’T\
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2. As N approaches K for a certain
population, which of the following is
predicted by the logistic equation?

d.

o dalielieg

The growth rate will not change.
The growth rate will approach zero.
The population will show an Allee e

Increase.

ffect.

The population will increase exponentially. |
The carrying capacity of the environment will ',



3. In which of the following habitats would
you expect to find the largest number of K-
selected individuals?

a. an abandoned field in Ohio

the sand dunes south of Lake Michigan
the rain forests of Brazll

south Florida after a hurricane

a newly emergent volcanic island
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The following question refers to the figure
below, which depicts the age structure of
three populations




4. Assuming these age structure diagrams describe |
human populations, in which population is *
unemployment likely to be most severe in the |
future?

| [
ll
3 | 1 11

No differences in the magnitude of future

unemployment would be expected among these
populations.

e. Itis not possible to infer anything about future social

conditions from age structure diagrams. /’r\
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«  Why do most food chains consist of only three to five

links? *
i

There are only five trophic levels: producers; primary, secondary,
and tertiary consumers; and decomposers.

Most communities are controlled bottom-up by mineral nutrient
supply, and few communities have enough nutrients to support
more links.

The dominant species in most communities consumes the majority
of prey; thus, not enough food is left to support higher predators.

According to the energetic hypothesis, the inefficiency of energy
transfer from one trophic level to the next limits the number of links
that can exist.

According to the trophic cascade model, increasing the biomass of
top trophic levels causes a decrease in the biomass of lower
levels, so that the top levels can no longer be supported.



3. Two barnacles, Balanus and Chthamalus, can |
both survive on the lower rocks just above the
low tide line on the Scottish coast, but only
Balanus actually does so, with Chthamalus
adopting a higher zone. Which of the following
best accounts for this niche separation?

1. competitive exclusion

predation of Chthamalus by Balanus
cooperative displacement

primary succession

mutualism

20 2P



The following questions refer to the diagram in
Figure 53.2 of five islands formed at about the

same time near a particular mainland.

6. Island with the greatest number of species

- A

I
m o O W

Mainland

B
C
D
ISR N . -

L!
:
!



.

Island with the lowest extinction rate

Mainland

I
mo o W >
0
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Use the figure below to answer the following

questions (2 and 3). Examine this food web for
a particular terrestrial ecosystem. Each letter is
a species. The arrows represent energy flow.

2. Which species is autotrophic?

A

B
C
D
E

P —— S = S — - .



3. Species C makes its predators sick. Which
species is most likely to benefit from being

-amimicof C? *
— A

B
~aa®
D
E

|



Refer to the figure below,, a diagram of a
food web, for the following questions (4 and |
5). Arrows represent energy flow and letters
represent species.
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6. If the flow of energy in an Arctic ecosystem goes
through a simple food chain from seaweeds to fish
to seals to polar bears, then which of the following
IS true?

a. Polar bears can provide more food for Eskimos
than seals can.

b. The total energy content of the seaweeds is lower
than that of the seals.

c. Polar bear meat probably contains the highest
concentrations of fat-soluble toxins.

|
d. Seals are more numerous than fish. r
:
l

e. The carnivores can provide more food for the |
Eskimos than the herbivores can. /,—r\
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Mitosis and Meiosis
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» Using the data in the table below, the best
conclusion concerning the difference between the S t
phases for beta |

and gamma Is that Minutes Spent in Cell Cycle Phases

CellType | G, | S |G,| M

Beta 18124 ¥ 16
Delta 100 0 O 0
Gamma 18| 48| 14 20

gamma contains more DNA than beta. |
beta and gamma contain the same amount of DNA. f
beta contains more RNA than gamma. f

gamma contains 48 times more DNA and RNA than "
beta. /’T\
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Taxol is an anticancer drug extracted from the
Pacific yew tree. In animal cells, taxol disrupts
microtubule formation by binding to microtubules

~and accelerating their assembly from the protein

precursor, tubulin. Surprisingly, this stops mitosis.

Specifically, taxol must affect
1. the fibers of the mitotic spindle.
anaphase.

formation of the centrioles.
chromatid assembly.

the S phase of the cell cycle.

S Q0N



Movement of the chromosomes during
anaphase would be most affected by a |

drug that
a. reduced cyclin concentrations.
b. increased cyclin concentrations.

the kinetochore.

c. prevented elongation of microtubules.
d. prevented shortening of microtubules. |
e. prevented attachment of the microtubulesto |



Measurements of the amount of DNA per
nucleus were taken on a large number of cells

- from a growing fungus. The measured DNA

levels ranged from 3 to 6 picograms per
nucleus. In which stage of the cell cycle was

the nucleus with 6 picograms of DNA?

© oo o



© Q00T

A group of cells is assayed for DNA
content immediately following mitosis and
Is found to have an average of 8
picograms of DNA per nucleus. Those
cells would have picograms
at the end of the S phase and
picograms at the end of G..

a. 8...8




» Aparticular cell has half as much DNAas |
some of the other cells in a mitotically |
active tissue. The cell in question is most
likely In
a. G,.

(5

prophase.

metaphase.

anaphase.

© 00O

o
B~
g ————— - ‘ e i e o el



Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.




9

ks Ty

T Pralk

i




How do cells at the completion of meiosis

compare with cells that have replicated their
DNA and are just about to begin meiosis?

1.

2.

3.

They have twice the amount of cytoplasm and half
the amount of DNA.

They have half the number of chromosomes and half
the amount of DNA.

They have the same number of chromosomes and
half the amount of DNA.

They have half the number of chromosomes and |
one-fourth the amount of DNA. |

They have half the amount of cytoplasm and twice |
the amount of DNA. l*

7 .’
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* Which number represents G,? *

- N W i
x X X X
| | |

DNA content/cell

L/

//

Time —»



* Which number represents the DNA content
of a sperm cell?

Y ® 4x Ay
Sl sE 8 1
c 3X —
N (-}
S
eV j; \
51X—

Time —»



» The DNA content of a diploid cell in the G, |
phase of the cell cycle is measured. Ifthe
DNA content is x, then the DNA content of
the same cell at metaphase of meiosis |

would be
1. 0.25x
0.5x

X.

2X.

4Xx.

e 0 1N
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» The DNA content of a diploid cell in the
G1 phase of the cell cycle is measured. If
- the DNA content is x, then the DNA
content at metaphase of meiosis |l would

be
520,25
0.5x.
X.

2X.
4Xx.

e 0 1N
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» The DNA content of a cell is measured in
the G, phase. After meiosis |, the DNA |
content of one of the two cells produced
would be
1. equal to that of the G, cell.

twice that of the G, cell.

one-half that of the G, cell. |

one-fourth that of the G, cell. |

Impossible to estimate due to independent
assortment of homologous chromosomes. |
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»  Which of the following would not be
considered a haploid cell?
1. daughter cell after meiosis |l
2. gamete

3. daughter cell after mitosis in gametophyte
generation of a plant

4. cell in prophase |
5. cell in prophase Il
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@ Eukaryotic promoters

Promoter
A
s \
5 I T
3 : —:5'
TATA box Start point Template
DNA strand
Transcription @) A transcription factor
factor
5’ { ; I T 3

3 | | T I 5

€ Additional transcription
factors

RNA polymerase 11

\ Transcription factors

A | 5 5

3'

RNA transcript

Transcription initiation complex
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Pre-mRNA

5 Exon Intron Exon Intron Exon 3
5 Cap | i Poly(A) tail
1 30 31 104 105 146
Introns excised and
Coding exons spliced together
segment
A
( \
mRNA |5 Cap i Poly(A) tail
/ 1 146\
Leader Trailer
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» A couple who are both carriers of the gene |
for cystic fibrosis have two children who |
have cystic fibrosis. What is the probability
that their next child will have cystic
fibrosis?

a. 0%

25%

50%

/5%

100%

© 00 o
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» A couple who are both carriers of the gene |
for cystic fibrosis have two children who |
have cystic fibrosis. What is the probability
that their next child will be phenotypically
normal?

1. OO/O

25%

50%

5%

100%

e 0 1N
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In cattle, roan coat color (mixed red and white
hairs) occurs in the heterozygous (Rr) offspring |
of red (RR) and white (rr) homozygotes. When

two roan cattle are crossed, the phenotypes of

the progeny are found to be in the ratio of 1 red:2

roan:1 white. Which of the following crosses
could produce the highest percentage of roan
cattle? *

1. red x white

2. roan x roan ,
3. white x roan
4
3

red x roan |
All of the above crosses would give the same |

percentage of roan. /,_r\
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What is the probability that individual C-1

s Ww?
1

T i i A

3/4
1/4
2/4
2/3
3

A

; oﬁ#.ﬂ.
C
> 5

1




A woman and her spouse both show the normal

phenotype for pigmentation, but both had one
parent who was an albino. Albinism is an
autosomal recessive trait. If their first two
children have normal pigmentation, what is the
probability that their third child will be an albino?

1. 0
2. 1/4
Sessl/2
4. 3/4
31+



In a cross AaBbCc x AaBbCc, what is the |
probability of producing the genotype |

- AABBCC?
1. 1/4
2. 1/8
3. 1/16
4. 1/32
5. 1/64



Feather color in budgies is determined by two
different genes that affect the pigmentation of the

~ outer feather and its core. Y_B_ is green; yyB_ Is

blue; Y_bb is yellow; and yybb is white. A green
budgie is crossed with a blue budgie. Which of

the following results is not possible?
all green offspring

all blue offspring

all white offspring

all yellow offspring

|
All of the above are possible, but with different
probabilities. |

D b



Three babies were recently mixed up in a
hospital. After consideration of the data

below, which of the following represent the
correct baby/parent combinations? f

Couple # | 8! I11

Blood groups |Aand A |Aand B |Band O

Baby # 1 % 3

Blood groups |B O AB
1. 13, II-1, 111-2 |
2. -1, 11-3, lll-2 |
3. I-2, lI-3, -1 :
4. 1-2, lI-1, 1lI-3 |!
5. I-3, ll-2, lll-1 /,T\
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A man is brought to court in a paternity
case. He has blood type B, Rh positive.
The mother has blood type B, Rh negative.

Which blood type of a child would exclude
the accused from paternity?

AB, Rh negative

B, Rh negative

O, Rh negative

B, Rh positive

None of these choices will exclude. |

Al o



You are handed a “mystery” pea plant with long stems :

and axial flowers, and asked to determine its genotype as

quickly-as possible. You know the allele for long stems (L)

IS dominant to that for dwarf stems (/) and that the allele

for axial flowers (A) is dominant to that for terminal

flowers (a). You cross the “mystery” plant with a dwarf

stemmed axial flowered plant. If your mystery plant is

heterozygous at both loci, what is/are the expected

proportion of offspring?

1. 100% long stemmed terminal flowered

2. 100% dwarf stemmed terminal flowered ,

3. 100% long stemmed axial flowered ;

4. 50% long stemmed axial flowered, 50% dwarf stemmed terminal ‘
flowered !

:

5. 25% long stemmed axial flowered, 25% long stemmed terminal

flowered, 25% dwarf stemmed axial flowered, 25% dwarf :
stemmed terminal flowered /’T\
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You think that two alleles for coat color in mice
show incomplete dominance. What is the best

and simplest cross to perform in order to support
your hypothesis?

1. atestcross of a homozygous recessive mouse with a
mouse of unknown genotype

2. across of F, mice to look for a 1:2:1 ratio in the
offspring

3. areciprocal cross in which the sex of the mice of
each coat color is reversed :

4. a cross of two true-breeding mice of different colors
to look for an intermediate phenotype in the F,

5. across of F, mice to look for a 9:7 ratio in the |

offspring //////_%\
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A mother with type B blood has two children, one |
with type A blood and one with type O blood. Her
husband has type O blood. Which of the

following could you conclude from this

information?

1. The husband could not have fathered either child.

2. The husband could have fathered both children.

3. The husband must be the father of the child with
type O blood and could be the father of the type A
child. |

4. The husband could be the father of the child with
type O blood, but not the type A child.

5. Neither the mother nor the husband could be the :
biological parent of the type A child. /'—r\
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Chapter 15

The Chromosomal Basis
of Inheritance



Vermilion eyes is a sex-linked recessive
characteristic in fruit flies. If a female |
having vermilion eyes is crossed with a
wild-type male, what percentage of the F,

males will have vermilion eyes?
a. 0%

25%

50%

/5%

100%

©oo0oT



Barring in chickens is due to a sex-linked

-~ e ¥ P

dominant gene (B). The sex of chicks at
hatching is difficult to determine, but barred
chicks can be distinguished from nonbarred
at that time. To use this trait so that at
hatching all chicks of one sex are barred,

what cross would you make?
a. barred males x barred females
b. barred males x nonbarred females
c. nonbarred males x barred females
d

nonbarred males x nonbarred females |

s i
.I/ >
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A recessive allele on the X chromosome is
responsible for red-green color blindness in

- humans. A woman with normal vision whose

father is color-blind marries a color-blind male.
What is the probability that this couple’s son

will be color-blind?
a. 0

1/4

1/2

o4
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An achondroplastic dwarf man with normal vision
marries a color-blind woman of normal height. The '
man's father was six feet tall, and both the woman's
parents were of average height. Achondroplastic
dwarfism is autosomal dominant, and red-green color

blindness is X-linked recessive.

How many of their female children might be expected

to be color-blind dwarfs? *
a. all

none

half

one out of four

three out of four

® oo o



An achondroplastic dwarf man with normal vision z
marries a color-blind woman of normal height. The

man's father was six feet tall, and both the woman's
parents were of average height. Achondroplastic
dwarfism is autosomal dominant, and red-green

color blindness is X-linked recessive.

How many of their male children would be color-blind

and normal height?
a. all

b. none

c. half

d. one out of four

e. three out of four



In cats, black color is caused by an X-linked
allele; the other allele at this locus causes ‘

orange color. The heterozygote is

tortoiseshell. What kinds of offspring would
you expect from the cross of a black female

and an orange male?

a. tortoiseshell female: tortoiseshell male

black female; orange male
orange female; orange male
tortoiseshell female; black male

orange female; black male

© 00O



Red-green color blindness is a sex-linked
recessive trait in humans. Two people with
normal color vision have a color-blind son.

What are the genotypes of the parents?

XcXc and XcY
XcXc and XCY
XCXC and XcY
XCXC and XCY
XCXc and XCY

© 00T W



« A color-blind son inherited this trait from :

his
d.

© a0 o

mother.

father.

mother only if she is color-blind.
father only if he is color-blind.
mother only if she is not color-blind.



Chapter 16

The Molecular Basis
of Inheritance



Tobacco mosaic virus has RNA rather than DNA as
its genetic material. In a hypothetical situation where
RNA from a tobacco mosaic virus is mixed with

proteins from a related DNA virus, the result could be

a hybrid virus. If that virus were to infect a cell and
reproduce, what would the resulting "offspring"

viruses be like?

1. tobacco mosaic virus
2. the related DNA virus

3. a hybrid: tobacco mosaic virus RNA and protein from the
DNA virus

4. a hybrid: tobacco mosaic virus protein and nucleic acid
from the DNA virus

5. a virus with a double helix made up of one strand of DNA
complementary to a strand of RNA surrounded by viral
protein "
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Cytosine makes up 38% of the nucleotides in |
a sample of DNA from an organism. What

be thymine?
12
24
31
38

It cannot be determined from the
iInformation provided.

A

. percent of the nucleotides in this sample will



In an analysis of the nucleotide

composition of DNA, which of the following

IS true”?

Iz A=C
A=GandC=T
A+C=G+T
A+T=G+C

Both B and C are true

S Erd) N



A space probe returns with a culture of a
microorganism found on a distant planet. Analysis
shows that it is a carbon-based life form that has
DNA. You grow the cells in >N medium for several
generations and then transfer it to "N medium.
Which pattern in this figure would you expect if the
DNA were replicated in a conservative manner?

19N DNA—

14N _15N
hybrid DNA

1SN DNA




In analyzing the number of different bases |
in a DNA sample, which result would be |

consistent with the base-pairing rules?

s A= G
A+G=C+T
A+T=G+T
A=C
G =-T

S Erd) N
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* Imagine the following experiment is done:
Bacteria are first grown for several generations
In @ medium containing the lighter isotope of
nitrogen, “N, then switched into a medium
containing ™N. The rest of the experiment is
identical to the Meselson and Stahl experiment.
Which of the following represents the band
positions you would expect after two

generations? *

Control
tube




'

You are trying to support your hypothesis that |
DNA replication is conservative; i.e., parental
strands separate; complementary strands are
made, but these new strands join together to
make a new DNA molecule and the parental
strands rejoin. You take E. coli that had grown
In @ medium containing only heavy nitrogen
(">N) and transfer a sample to a medium
containing light nitrogen (*N).



(cont.) After allowing time for only one
DNA replication, you centrifuge a sample
and compare the density band(s) formed
with control bands for bacteria grown on
either normal “N or >N medium. Which
band location would support your
hypothesis of conservative DNA
replication?

-

\_/

Control a.
tube

Bands after one replication on N



Using the experiment explained in the
previous question, which centrifuge tube
would represent the band distribution

-

\_/

Control a.
tube

Bands after one replication on 4N
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First messenger

Signal molecule
(such as epinephrine)
l Adenylyl

G protein cyclase

Receptor

——— ]
. o T —

messenger

i

Protein
kinase A

o g Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.






A mutation results in a defective enzyme a.
In the following simple metabolic pathway, :
what would be f
~ a consequence of that mutation?

enzyme a enzyme b

a b= >

an accumulation of A and no production of B and C
an accumulation of A and B and no production of C
an accumulation of B and no production of Aand C f
an accumulation of B and C and no production of A I;
an accumulation of C and no production of Aand B__

o
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» |f proteins were composed of only 12
different kinds of amino acids, what would

be the small-est possible codon size in a
genetic system with four different
nucleotides?

<]

2

3

4

12

A b

o
y
g ————— - ‘ e i e o el



A portion of the genetic code is UUU =

phenylalanine, GCC = alanine, AAA = lysine, and
- CCC = proline. Assume the correct code places

the amino acids phenylalanine, alanine, and
lysine in a protein (in that order). Which of the
following DNA sequences would substitute

proline for alanine?
1. AAA-CGG-TTA
AAT-CGG-TTT
AAA-CCG-TTT
AAA-GGG-TTT
AAA-CCC-TTT

CReG 9 D



A particular triplet of bases in the coding
sequence of DNA is AAA. The anticodon
on the tRNA that binds the mRNA codon is

| R

UUA.
UUU.
AAA.

S Erd) N

the first base.

either UAA or TAA, depending on wobble in



» A part of an mRNA molecule with the following
sequence is being read by a ribosome: 5' CCG-
ACG 3' (mRNA). The following activated transfer ”
RNA molecules are available. Two of them can |
correctly match the mRNA so that a dipeptide
can form.

- -~ -~

tRNA Anticodon Amino Acid The dipeptide |
. | that will form will be

GGC Proline 1. cysteine-alanine.i
CGU Alanine 2. proline-threonine. |
UuGcC Threonine 3. glycine-cysteine. |
CCG Glycine 4. alanine-alanine. E

5. threonine-glycine.

ACG Cysteine /’T\
CGG Alanine |
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Amino acid
attachment site
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This figure represents
tRNA that recognizes
and binds a particular
amino acid (in this

Instance,

phenylalanine). Which
of the following triplets
of bases on the mRNA
strand codes for this

amino acid?

OBy TN 7y

UGG
GUG
GUA
UuC
CAU
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Each of the following is a modification of the sentence
THECATATETHERAT.

A. THERATATETHECAT
B. THETACATETHERAT
C. THECATARETHERAT
D. THECATATTHERAT
E. CATATETHERAT

Which of the above is analogous to a frameshift ,
mutation? |
|
:
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Each of the following is a modification of the sentence
THECATATETHERAT. 1

A. THERATATETHECAT
B. THETACATETHERAT
C. THECATARETHERAT
D. THECATATTHERAT
E. CATATETHERAT

Which of the above is analogous to a single
substitution mutation?
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- What is the relationship among DNA, a gene, |
and a chromosome? |

1. A chromosome contains hundreds of genes,
which are composed of protein.

2. A chromosome contains hundreds of genes,
which are composed of DNA.

3. A gene contains hundreds of chromosomes,
which are composed of protein.

4. A gene is composed of DNA, but there is no
relationship to a chromosome. |

5. A gene contains hundreds of chromosomes,
which are composed of DNA. |
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- Abiologist inserts a gene from a human liver cell into
the chromosome of a bacterium. The bacterium then
transcribes this gene into mRNA and translates the
MRBNA into protein. The protein produced is useless.
The biologist extracts the protein and mature mRNA
that codes for it. When analyzed you would expect
which of the following results? *

1. the protein and the mature mRNA are longer than in
human cells

2. the protein and mature mRNA are shorter than expected ;

3. the protein is longer and the mRNA is shorter than
expected ',

4. the protein is shorter and the mRNA is longer than '

expected /"r\
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- How is the template strand for a particular gene
determined?
1. It is the DNA strand that runs from the 5' — 3' direction.
2. ltis the DNA strand that runs from the 3' — 5' direction.

3. It depends on the orientation of RNA polymerase, whose
position is determined by particular sequences of
nucleotides within the promoter.

4. It doesn’t matter which strand is the template because
they are complementary and will produce the same
mRNA.

5. The template strand always contains the TATA box.

!
s



Bacterial Genetic
Recombination:

 Transduction

» Transformation
 Conjugation

» Mutation



PN P PSS ———




N bR

YOG T B AT
i T —.}.v .»‘.,. ‘4t : 5

. FLs - - :
_ﬂw
| =
o
m
R | <
Ko i%

Lo
»

o v
' '.
-










e igh

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

e e it I e AT

~

T
A~

I g I ———




!

- Aresearcher lyses a cell that contains nucleic acid |
molecules and capsid units of tobacco mosaic virus
(TMV). The cell contents are left in a covered test
tube overnight. The next day this mixture is sprayed
on tobacco plants. Which of the following would be
expected to occur?

1. The plants would develop some but not all of the
symptoms of the TMV infection.

2. The plants would develop symptoms typically produced by |
viroids. |
3. The plants would develop the typical symptoms of TMV ;
infection. |
4. The plants would not show any disease symptoms. ‘t

5. The plants would become infected, but the sap from these l

plants would be unable to infect other plants. /,_,_\
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- A mutation that inactivates the regulator |
gene of a repressible operon in an E. coli

cell would result Iin

1. continuous transcription of the structural gene

controlled by that regulator.

2. complete inhibition of transcription of the

structural gene controlled by that regulator.
3. irreversible binding of the repressor to the

operator.
4. inactivation of RNA polymerase.
5. both B and C.



'

A mutation that makes the regulatory gene of
an inducible operon nonfunctional would
result in

1. continuous transcription of the operon's genes.

2. reduced transcription of the operon's genes.

3. accumulation of large quantities of a substrate for
the catabolic pathway controlled by the operon.

4. irreversible binding of the repressor to the
promoter. |

5. overproduction of cCAMP receptor protein.
|
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- A mutation that renders nonfunctional the
product of a regulatory gene for an inducible

operon would result in *

1. continuous transcription of the genes of the

operon.

2. complete blocking of the attachment of RNA

polymerase to the promoter.

3. irreversible binding of the repressor to the

operator.

4. no difference in transcription rate when an |

activator protein was present.
5. negative control of transcription.

:
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DNA unpacking
involvin
DNA demethylation
DNA and hlsto;e acetylation
5 ene
Gene transcription
Transcription
RNA Y Exon

SN\ J‘l Primary transcript

.

Intron
RNA processing
Y ‘l}iil
cap_/\-' mRNA in nucleus
\ Transport to cytoplasm/
CYTOPLASM
..~ mMRNA in cytoplasm
Degradation
of mRNA
~ Translation
S —_
L '

Lop s Polypeptide

Cleavage
Chemical modification
Transport to cellular
L destination

Active protein

l Degradation of protein

i -.”> o Degraded protein
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Bacterlal lacZgene ) Isolate plasmIid

plasmid (lactose (vector) DNA Human DNA
amp? ﬂ\breakdown) and human containing
(ampicillin Restriction ~ DNA. 59__‘:";‘“"“"“
resistance) \site
€ Insert human DNA
J Into plasmlds

Stig Q
Cut both DNAs
© e \ © Mix the DNAS; they
restriction enzyme join by base palring.

(Some plasmids, like
this one, Join with
the gene of interest.)

@ Add DNA ligase
1o bond covalently.

Human DNA
fragmentl containing
Recombinant gene of interest

plasmid
Nonfunctional
lacZ gene

© Put plasmids into

|
£ ot (\g? @ et

© Clone cells:
Clone
(baciedal © Plate cells onto
colony) medium with

ampicillin and X-gal.

@ Identify clones of cells containing
recombinant plasmids by their
ability to grow in presence of
ampicillin and their white color.

Baclenal clone e Identify clone
.ngg'many carrying gene
human \t of interest.
oI%)

ene of
nterest
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DNA + restriction Restriction ; Paper
enzyme fragments . ;l;t;:::ellulose tovsels
= = o r e e Gel
—> o e e X
. & Sponge /)
\J/ 0/ Qi I F ) —
Y i Alkaline”
I 11 1T solution
@ Restriction fragment preparation © Electrophoresis €© Blotting
Rinse away
unattached probe
—

DNA probe
in solution
in plastic bag

O Hybridization with radioactive probe
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Single-stranded DNA

c
T with unknown sequence (blue)
E serves as a template '
(1 $  + DNA polymerase \
&+ dATP, dCTP, dTTP, and dGTP }'
G
A T/ '
2 + (T; Radioactively labeled primer
A T

3: |

Prepare four reaction mixtures
_ _——-'.:;‘N;:_':: _
Y Y
+ddATP +ddCTP +ddTTP +ddGTP

S—— = = =

= R

2]

N N / &/
Gel electrophoresis 0
DNA
synthesis followed by

autoradiography

ddATP
ddCTP ~
ddTTP

|| ddGTP

!
:
|
{
:
)
!
i

c <
& 3 Longer
A fragments G and C

{ c < \ U Read A deduce T

| T % 2 Reaction —_ sequence C sequence G

| (1; products — of new T of A 0

\ é / - strand G template C .
AT / — > A =T
e - _ A : x
2Tl Shorter G Cc !

* fragments = Cc G J
[ o i r,

{
|
I
|I
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Mammary cell ) Egg cell
donor donor

Mammary cells
in culture; cell
cycle arrested

(Go phase)

Egg cell
from ovary

Nucleus removed

© Cells fused

-5

Nucleus from
mammary cell

© Grown in culture l

Early embryo
© Implanted in uterus
of a third sheep
ik 2
; Surrogate
mother
® Embryonic
development Lamb (“Dolly”)
chromosomally
identical to
mammary cell

“W ¢ donor
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Master control gene

Nucleus myoD Other muscle-specific genes
>~ (0] . N— I [ I I I
s OFF OFF
Embryonic
precursor cell
l @ Determination :+ | [ | | |
mRNA OFF

v
L~ MyoD protein @

S (transcription d
Myoblast factor)
(determined)

D’

(i
@) Differentiation :T LA,IL [ (ﬁ)¢ I {ﬁ)¢
mRNA mRNA mRNA mRNA

v O ) ) i
‘ MyoD Another proteins

EWNDE EESSS transcription
= = s ; A - factor

Muscle cell
(fully differentiated)
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Unfertlllzed egg cell

perm
\7\ G
Molecules of¥ —xNucleus

a cytoplasmic J Fertilization
determinant

G
Zygote
(fertilized egg) \ /

J Mitotic cell division

I

—
= TR e

Two-celled l " Q |
® ‘II
"

embryo '. et
'\':_'J\‘_

(a) Cytoplasmic determinants in the egg
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Early embryo
(32 cells)
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:ﬁ:a%/os

,Signal
| molecule
(inducer)

- Signal
receptor

-Signal-
transduction

/ NUCLEUS

pathway

(b) Induction by nearby cells



Adult
fruit fly
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Fruit fly embryo ' I } )
(10 hours) 1
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Fly
chromosome

Mouse
chromosomes

Mouse embryo
(12 days)
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