
BIOL 1010  MIDTERM (July 16 2010).  Answers are at the end.

1.
Prokaryotic organisms have recently been divided into two domains, Bacteria and Archaea. This division is based on characteristics that include

a) 
differences in cell wall composition.

b) 
differences in their initiator amino acid for start of protein synthesis.

c) 
presence or absence of histones.

d) 
All of the above

e) 
a) and c)

f)
b) and c) 

2.
Members of two different species possess a similar-looking structure that they use in a similar fashion to perform the same function.  Which information would provide the strongest evidence that these structures are homologous and not the result of convergent evolution?

a) 
The two species are sympatric. 

b) 
The structures in both species share a number of morphological features that are not essential to their function. 

c) 
The sizes of the structures in adult members of both species are similar. 

d) 
Both species are well adapted to their particular environments. 

e) 
The structures in the two species become more similar in appearance over the course of development from embryonic to adult stages.

3.
Dog breeders maintain the purity of breeds by keeping dogs of different breeds apart when they are fertile.  This kind of isolation is most similar to which of the following reproductive isolating mechanisms? 


a) reduced hybrid fertility 


b) hybrid breakdown c) mechanical isolation 


d) habitat isolation e) gametic isolation 


f)
behavioural isolation

4.
In a sample of volcanic ash, the ratio of K-40 to Ar-40 is 1:3.  How old is the ash?  (Half-life of K-40 = 1.3 billion years).

a)
1.3 billion years
b)
2.6 billion years
c)
3.9 billion years

d)
more than 3.9 billion years


e)
less than 1.3 billion years

5.
A single gene in humans determines whether we have a roman nose (R, dominant) or a straight nose (r, recessive).  In a population there are 32 people with the genotype RR, 38 people with the genotype Rr, and 30 people with the genotype rr.  In this population the frequencies of the dominant allele and of the Roman nose trait, respectively, are

a)
0.32 and 0.70
b)
0.51 and 0.30
c)
0.51 and 0.70

d)
0.35 and 0.60
e)
0.35 and 0.30
f)
0.35 and 0.70

6.
With respect to the Roman nose gene, the population in the previous question

a)
is not evolving

b) 
is evolving, but not due to assortative mating

c)
is evolving, possibly but not necessarily due to assortative mating

d)
is evolving, definitely due to assortative mating

7.
What is the minimum number of mutations needed for the following homologous DNA-based cladogram to be valid?



CCCTTC
CCCCTC

CGCCAC
CGCTAG





CCCCAC


a)
3
b)
4
c)
5
d)
6
e)
7
f)
8

8.
Plato

a)
was the first Greek philosopher to support the idea of biological evolution

b)
believed in the existence of perfect creatures 

c)
created a system for ordering life forms from simplest (least perfect) to most complex (most perfect)

d)
was a student of Aristotle

e)
invented the binary nomenclature system that is still used today

9.
Restriction enzymes of bacteria protect them from successful attack by bacteriophages, whose genomes can be degraded by the restriction enzymes.  The bacterial genomes are not vulnerable to these restriction enzymes because bacterial DNA is methylated.  This situation selects for bacteriophages whose genomes are also methylated.  As new strains of resistant bacteriophages become more prevalent, this in turn selects for bacteria whose genomes are not methylated and whose restriction enzymes instead degrade methylated DNA.  



The outcome of the conflict between bacteria and bacteriophage at any point in time results from


a)
stabilizing selection


b)
directional selection


c)
disruptive selection


d)
frequency-dependent selection


e)
heterozygote advantage

10.
After observing the rodents of South America, Darwin came to the conclusion that


a)
similar species tend to be geographically clustered 


b)
all populations have the capacity to increase their numbers geometrically 


c)
natural selection is the cause of evolution


d)
slow and subtle processes can have a dramatic effect over long periods of time


e)
living species resemble other species that are now extinct

11.
A biologist discovers two populations of wolf spiders whose members appear identical. Members of one population are found in the leaf litter deep within a woods. Members of the other population are found in the grass at the edge of the woods. The biologist decides to designate the members of the two populations as two separate species. Which species concept is this biologist using? 


a)
biological


b)
morphological


c)
ecological


d)
phylogenetic

12.
If the HMS Beagle had completely bypassed the Galapagos Islands, Darwin would have had a much poorer understanding of 

a) 
the age of Earth. 

b) 
the tendency of populations to undergo modification as they adapt to a particular environment. 

c) 
the tendency of organisms to produce a larger number of offspring than the environment can support. 

d) 
the limited resources available to support population growth in most natural environments. 

e) 
how fossils of marine organisms could be found high in the Andes. 

13.
Which of the following helped Darwin understand the mechanism of evolution?

a)
The fauna of the Galapagos Islands

b)
The writings of Charles Lyell

c)
Artificial selection

d)
Gregor Mendel’s pea plant experiments

e)
The mammals of Australia 

14.
In the character table below, letters represent modern animal taxa and numbers represent shared derived characters.  
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In what order did the characters and taxa originate, from earliest to most recent?


a)
Characters: 5, 4, 3, 1, 2
Taxa:  B, E, F, A, D, C


b)
Characters: 2, 1, 3, 4, 5
Taxa:  E, F, A, D, C, B


c)
Characters: 2, 1, 3, 4, 5
Taxa:  B, E, F, A, D, C


d)
Characters: 2, 1, 3, 4, 5
Taxa:  C, D, A, F, E, B 



e)
Characters: 5, 4, 1, 3, 2
Taxa:  C, D, A, F, E, B


f)
Characters: 5, 4, 1, 3, 2
Taxa:  E, F, A, D, C, B

15.
Which of the following types of organism requires a source of organic carbon for growth?

a)
photoautotrophs

b)
chemoautotrophs

c)
chemoheterotrophs

d)
photoheterotrophs

e)
b) and c)

f)
c) and d)

16.
Which of the following is INCORRECT?  The universality of the genetic code

a)
indicates that all present-day life-forms share a common ancestor.

b)
suggests that few, if any, other genetic codes could support DNA-based life.

c)
is an essential precondition for the success of recombinant DNA technologies in which a gene from one species is implanted in the genome of another species.

d)
reflects the fact that mutations to the genetic code are almost always lethal.

e)
None of the above (i.e., they are all correct).

17.
With which point would Lamarck agree and Darwin disagree?


a)
Species become better adapted to their environment over generations 


b)
 Natural selection is the cause of evolution


c)
Individuals that are born with well-adapted traits can pass those traits on to their offspring 


d)
Individuals become better adapted to their environment over their own lifetime


e)
None of the above

18.
A single gene determines whether we have a widow’s peak (W, dominant) or a straight hairline (w, recessive).  In a population of suspected vampires, 91% of people have a widow’s peak.  What is the frequency of the widow’s peak allele?  (Assume the population is in Hardy-Weinberg equilibrium). 

a)
0.30
b)
0.91
c)
0.70

d)
0.49
e)
0.42
f)
0.09

19.  
Which statement best describes how the evolution of pesticide resistance occurs in a population of insects? 

a) 
Individual members of the population slowly become more resistant to the presence of the chemical. 

b) 
All insects exposed to the insecticide begin to use a formerly silent gene to make a new enzyme that breaks down the insecticide molecules. 

c) 
Insects observe the behavior of other insects that survive pesticide application, and adjust their own behaviors to copy those of the survivors. 

d) 
A number of genetically resistant pesticide survivors reproduce.  The next generation of insects contains more genes from the survivors than it does from susceptible individuals. 

e) 
Application of the pesticide causes the mutation rate to increase, resulting in the creation of resistant individuals.

20.
The frequency of a particular allele that is present in an isolated population of 100 alpine plants changes after a landslide wipes out 90 of the plants.  In this population,  

a)
genetic drift has occurred


b)
a bottleneck effect has occurred

c)
microevolution has occurred


d)
all of the above

e)
a) and b)


f)
b) and c

21.
The Galapagos archipelago appeared about 2 million years ago, when submerged volcanoes (seamounts) rose above the ocean's surface.  A single hypothetical colonization event introduced a species of finch to one island in the distant past.  Today, several islands in the archipelago contain unique species of finches.  What must have happened following the initial colonization event to account for the current situation?




1.
cladogenesis

2.
anagenesis

3.
allopatric speciation

4.
adaptive radiation 

a)
1 and 3
b)
1 and 4


c)
2 and 3


d)
1, 3 and 4
e)
2, 3 and 4

f)
2 and 4

22.
The following table shows the % difference in the base pair sequence of homologous genes in four hypothetical species, A, B, C and D.

	
	A
	B
	C
	D

	A
	0
	40
	20
	40

	B
	
	0
	40
	10

	C
	
	
	0
	40

	D
	
	
	
	0



According to the rule of maximum likelihood, the pair of species with the most recent common ancestor is

a)
A and B
b)
A and C


c)
A and D

d)
B and C
e)
B and D


f)
C and D

23.
In guppies, males are more brightly coloured than females.  Some guppy populations are exposed to predation by pike-chiclids.  Pike-chiclids are visual predators – i.e. they locate their prey by sight – and prey on guppies of all sizes.  



A researcher introduces pike-chiclids into a pool that contains guppies, but which did not previously contain pike-chiclids.  Which of the following is least likely to be observed in the guppy population over the next few generations?

a) 
Coloration of male guppies may become drab. 

b) 
The guppies may become nocturnal (active only at night). 

c) 
The degree of sexual dimorphism in the guppy population will increase. 

d) 
The guppies may become sexually mature earlier, at smaller overall body sizes. 

e) 
The guppies may become faster swimmers. 

24.
Why are monotremes found only in Australia and islands surrounding Australia?

a)
They are adapted to the unique climatic conditions found in Australia.

b)
Monotremes originated in Australia, but have not spread elsewhere because of the isolation of that continent.

c)
In other parts of the world, monotremes have been hunted to extinction by humans.

d)
The isolation of Australia has protected them from competition and predation.

e)
Their main prey are marsupials, which are abundant only in Australia.

25.
A new plant species formed from the hybridization between a plant with a diploid number of 16 and a plant with a diploid number of 12 would produce gametes with how many chromosomes?


a) 
12. 
b) 
14. 


c) 
16. d) 
22.
e) 
28. 


f)
56.

26.
In the cladogram shown below, letters represent animal species. 



A

B

C

D

E






F






G








H









 I

Which of the following taxa is polyphyletic?

a)
A, B, C, D, F, H
b)
A, B, C, F, H, I
c)
C, D, E, H, G


d)
All of the above
e)
a) and c)


f)
b) and c)

27.
Which of the following types of evidence for evolution most strongly suggests that macroevolution and microevolution are quantitatively, not qualitatively, different?

a)
Industrial melanism in the peppered moth and other insects.

b)
Ring species such as the herring and lesser black-backed gulls.

c)
The evolution of drug resistance in H.I.V.

d)
The existence of “missing links” between different vertebrate groups (e.g. Tiktaalik roseae).

e)
The smooth gradient of increasing brain size and flattening of the face seen in hominid skulls that are ordered from oldest to most recent.

28.
Bagworm moth caterpillars feed on evergreens and carry a silken case or bag around with them in which they eventually pupate. Adult female bagworm moths are larval in appearance; they lack the wings and other structures of the adult male and instead retain the appearance of a caterpillar even though they are sexually mature and can lay eggs within the bag. This is a good example of 


a) 
anagenesis. 
b) 
homeotic gene mutation.
c) 
sympatric speciation. d) adaptive radiation. 
e) 
paedomorphosis. 


29.
Tay Sachs disease is a recessive disorder that is always fatal by the age of four.  In a population of 100 newborn infants, the frequency of the Tay Sachs allele is 0.1.  If natural selection against the Tay Sachs allele is the only factor causing evolution of the Tay Sachs gene in this population, what will be the frequency of the Tay Sachs allele when this population reaches maturity?  

a)
0.11
b)
0.01
c)
0.90

d)
0.99
e)
0.18
f)
0.09

30.
If one organ is an exaptation of another organ, then what must be true of these two organs? 


a) They are both vestigial organs. b) They are homologous organs. c) They are undergoing convergent evolution. d) They are found together in the same hybrid species. e) They have the same function.

31.
What is the correct sequence of these events, from earliest to most recent, in the evolution of life on Earth?

1.
origin of mitochondria

2.
origin of multicellular animals

3.
Permian extinction

4.
origin of cyanobacteria

5.
origin of vascular plants 

a) 
1, 4, 2, 5, 3
b) 
1, 4, 5, 2, 3

c)
4, 1, 2, 5, 3

d) 
4, 1, 2, 3, 5
e) 
1, 4, 2, 3, 5

32.
In which place did Darwin find evidence that convinced him that James Hutton’s geological theory was correct?

a)
The Pampas grasslands of Argentina 
b)
The Andes mountains

c)
Australia 
d)
The Galapagos Islands

e)
The Amazon basin

ANSWERS
1.
d

2.
b
See lecture 17, slides 9-10

3.
d

4.
b
Newly-formed igneous rock contains no argon; argon atoms form when K-40

atoms decay.  If there are now three argon atoms for every K-40 atom, the original quantity of K-40 must have been 4 times greater than it is now.  ¼ = ½2.  Therefore, 2 half-lives, or 2.6 billion years, have passed since the rock was formed. 

5.
c
Frequency of R = (2*32 + 1*38) / 2*(32 + 38 + 30) = 102/200 = 0.51

Frequency of roman nose trait = (#RR + #Rr) / Total # of genotypes = 70/100 = 0.7

6.
c
From previous question, p = 0.51 ( q = 0.49

H-W equation predicts frequency of RR = p2 = 0.2601; frequency of Rr = 2pq = 0.4998; frequency of rr = q2 = .2401.

Observed frequencies are 0.32 for RR (higher than predicted), 0.38 for Rr (lower than predicted) and 0.30 for rr (higher than predicted); thus the population is evolving.  Since homozygotes are more frequent, and heterozygotes less frequent than predicted, assortative mating could be causing evolution in this population (although inbreeding is also a possibility).

7.
c


CCCTTC
CCCCTC

CGCCAC
     CGCTAG





CCCCAC

8.
b

9.
d

10.
a

11.
c

12.
b

13.
c

14.
c



B
E
F
A
D
C

15.
f

16.
b

17.
d

18.
c
Frequency of widow’s peak phenotype = 91% = 0.91

( Frequency of straight hairline = 9% = 0.09 = q2 (because it is the recessive trait).

( q = 0.3 and p = 0.7

19.
d

20.
d

21.
d

22.
e

23.
c

24.
d

25.
b
For the hybrid species, 2n = 16 + 12 = 28, ( n = 14

26.
e
 

27.
b

28.
e

29.
f
Number of Tay Sachs alleles = 0.1 * 200 = 20.  

Frequency of babies born with Tay Sachs = q2 = 0.01

( Number of babies with Tay Sachs is 0.01*100 = 1; thus one individual (and two Tay Sachs alleles) will be eliminated by natural selection before the cohort reaches maturity.

( Frequency of Tay Sachs allele at maturity = (20 – 2) / (200 – 2) = 18 / 198 = 0.0909 

30.
b

31.
c

32.
b
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