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Purpose

· To consider the molecular evidence for evolution.

· To highlight the role of the scientific community in validating new evidence.

DNA and proteins: a record of evolution 
Molecular biology is providing valuable evidence for evolution. Proteins such as ribosomes and DNA polymerase occur in all organisms. This supports the idea of a common ancestor, with conservation of the molecules through evolution. A closer look at the amino acid sequence of these proteins and DNA sequences in different organisms reveals a record of their evolutionary history, and allows their evolutionary relationships to be constructed. 

Over time, random mutations occur in the DNA sequence, causing changes in the amino acid sequence of the protein. By examining the amino acid or DNA sequence of different species, it is possible to work out when the species shared a common ancestor in their evolutionary past. Closely related species have more similar DNA and proteins; those that are distantly related share far fewer similarities. The species with fewer differences shared a common ancestor more recently than those with more differences. 

The protein cytochrome c is a classic example of the molecular evidence for evolution. Cytochrome c is an enzyme involved in respiration found in all aerobically respiring organisms. This suggests that they share a common ancestor which used cytochrome c. It is unlikely that a complex molecule like cytochrome c evolved independently in different organisms. Studies of the cytochrome c from different organisms shows variation between different species. The sequence of amino acids in cytochrome c in different species allows us to determine the relationships between those species. 

Cytochrome c
1
Table 1 on page 2 shows the amino acid sequence of cytochrome c in a range of different organisms. Use Table 1 to compare the amino acid sequences. Then complete the unshaded part of Table 2. For each pair of organisms, count and record the number of different amino acids. One pair has been completed for you. Note that amino acids which are the same in all species are shown in light grey, so they can be ignored when counting. 

Table 1 Amino acid sequences 
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   30
   40 
   50

Amino Acid Number->   1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Human, Chimpanzee.... - - - - - - - - G D V E K G K K I F I M K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G Y S Y T A A

Rhesus monkey........ - - - - - - - - G D V E K G K K I F I M K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G Y S Y T A A

Horse ............... - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G F T Y T D A

Donkey .............. - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G F S Y T D A

Common zebra ........ - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G F S Y T D A

Pig, Cow, Sheep...... - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G F S Y T D A

Dog.................. - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G F S Y T D A

Gray whale .......... - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A V G F S Y T D A

Rabbit............... - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A V G F S Y T D A

Kangaroo............. - - - - - - - - G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L N G I F G R K T G Q A P G F T Y T D A

Chicken, Turkey…….... - - - - - - - - G D I E K G K K I F V Q K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A E G F S Y T D A

Penguin.............. - - - - - - - - G D I E K G K K I F V Q K C S O C H T V E K G G K H K T G P N L H G I F G R K T G Q A E G F S Y T D A

Pekin duck........... - - - - - - - - G D V E K G K K I F V Q K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A E G F S Y T D A

Snapping turtle. ....- - - - - - - - -G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L N G L I G R K T G Q A E G F S Y T E A

Rattlesnake.......... - - - - - - - - G D V E K G K K I F S M K C G T C H T V E E G G K H K T G P N L H G L F G R K T G Q A V G Y S Y T A A

Bullfrog............. - - - - - - - - G D V E K G K K I F V Q K C A Q C H T C E K G G K H K V G P N L Y G L I G R K T G Q A A G F S Y T D A

Tuna................. - - - - - - - - G D V A K G K K T F V Q K C A Q C H T V E N G G K H K V G P N L W G L F G R K T G Q A E G Y S Y T D A

Screwworm fly........ - - - - G V P A G D V E K G K K I F V Q R C A Q C H T V E A G G K H K V G P N L H G L F G R K T G Q A A G F A Y T N A

Silkworm moth........ - - - - G V P A G N A E N G K K I F V Q R C A Q C H T V E A G G K H K V G P N L H G F Y G R K T G Q A P G F S Y S N A

Tomato horn “worm”... - - - - G V P A G N A D N G K K I F V Q R C A Q C H T V E A G G K H K V G P N L H G F F G R K T G Q A P G F S Y S N A

Wheat ............... A S F S E A P P G N P D A G A K I F K T K C A Q C H T V D A G A G H K Q G P N L H G L F G R Q S G T T A G Y S Y S A A

Rice ................ A S F S E A P P G N P K A G E K I F K T K C A Q C H T V D K G A G H K Q G P N L N G L F G R Q S G T T P G Y S Y S T A

Baker's yeast (Fungus - - - T E F K A G S A K K G A T L F K T R C E L C H T V E K G G P H K V G P N L H G I F G R H S G Q A Q G Y S Y T D A

Candida yeast(Fungus) - - P A P F E 0 G S A K K G A T L F K T R C A E C H T I E A G G P H K V G P N L H G I F S R H S G Q A Q G Y S Y T D A

Neurospora (Fungus).. .- - - - G F S A G D S K K G A N L F K T R C A E C H G E G G N L T Q K I G P A L H G L F G R K T G S V D G Y A Y T D A

[CONTINUED FROM ABOVE]


60 
70 
80 
90 
100 
110

Amino Acid Number-> 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

Human, Chimpanzee.  N K N K G I I W G E D T L M E Y L E N P K K Y I P G T K M I F V G I K K K E E R A D L I A Y L K K A T N E

Rhesus monkey.....  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F V G I K K K E E R A D L I A Y L K K A T N E

Horse ............  N K N K G I T W K E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K T E R E D L I A Y L K K A T N E

Donkey ...........  N K N K G I T W K E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K T E R E D L I A Y L K K A T N E

Common zebra .....  N K N K G I T W K E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K T E R E D L I A Y L K K A T N E

Pig, Cow, Sheep...  N K N K G I T W G E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R E D L I A Y L K K A T N E

Dog...............  N K N K G I T W G E E T L M E Y L E N P K K Y I P G T K M I F A G I K K T G E R A D L I A Y L K K A T K E

Gray whale........  N K N K G I T W G E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R A D L I A Y L K K A T N E

Rabbit............  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K D E R A D L I A Y L K K A T N E

Kangaroo..........  N K N K G I I W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R A D L I A Y L K K A T N E

Chicken, Turkey...  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K S E R V D L I A Y L K D A T S K

Penguin...........  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K S E R A D L I A Y L K D A T S K

Pekin duck........  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K S E R A D L I A Y L K D A T A K

Snapping turtle...  N K N K G I T W G E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K A E R A D L I A Y L K D A T S K

Rattlesnake.......  N K N K G I I W G D D T L M E Y L E N P K K Y I P G T K M V F T G L K K K K E R T D L I A Y L K E A T A K

Bullfrog..........  N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R Q D L I A Y L K S A C S K

Tuna..............  N K S K G I V W N N D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R Q D L V A Y L K S A T S -

Screwworm fly.....  N K A K G I T W Q D D T L F E Y L E N P K K Y I P G T K M I F A G L K K P N E R G D L I A Y L K S A T K -

Silkworm moth.....  N K A K G I T W G D D T L F E Y L E N P K K Y I P G T K M V F A G L K K A N E R A D L I A Y L K E S T K -

Tomato horn “worm”  N K A K G I T W Q D D T L F E Y L E N P K K Y I P G T K M V F A G L K K A N E R A D L I A Y L K Q A T K

Wheat.............  N K N K A V E W E E N T L Y D Y L L N P K K Y I P G T K M V F P G L K K P Q D R A D L I A Y L K K A T S S

Rice .............  N K N M A V I W E E N T L Y D Y L L N P K K Y I P G T K M V F P G L K K P Q E R A D L I S Y L K E A T S -

Baker's yeast.....  N I K K N V L W D E N N M S E Y L T N P K K Y I P G T K M A F G G L K K E K D R N D L I T Y L K K A C E -

Candida yeast.....  N K R A G V E W A E P T M S D Y L E N P K K Y I P G T K M A F G G L K K A K D R N D L V T Y M L E A S K -

Neurospora (Fungus) N K Q K G I T W D E N T L F E Y L E N P K K Y I P G T K M A F G G L K K D K D R N D I I T F M K E A T A -


Table 2 Amino acid differences in the cytochrome C of eight organisms.
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The two most closely species will have the fewest differences in 
amino acid sequence. They will have separated in evolution more recently. 
Draw a phylogeny diagram to show the relationships between the organisms 
in Table 1, and then answer the questions that follow. Place the species on 
branches of the diagram according to how many differences there are between 
pairs of species. The most closely related will be on the shorter branches. 
Here is an example. 

There are fewer differences between A and B, than between A and C, so they are 
more closely related.

Researchers usually produce diagrams similar to the one you have just drawn. These are based on the minimum number of base substitutions which would be needed to cause the change in amino acid sequence, rather than the amino acid differences themselves.  

Q1 
Using Table 1, compare the amino acid sequence of dogs and pigs, and chickens and penguins, to determine which pair are more closely related.

Q2 
Humans and chimpanzees have the same amino acid sequences for cytochrome c. However they are considered to be different species. Explain why. 

Q3 
Predict where you think the donkey would fit on the diagram you have drawn. Give a reason for your suggestion, before checking to see if the data in Table 1 supports this. 

Q4 
Knowing the differences in the amino acid sequence of two species might allow researchers to calculate how long ago two species diverged. Suggest how this could be so. 

Q5 
When new evidence for evolution such as that produced from DNA and proteomics is produced, what is the role of the scientific community in validating this new evidence?
DNA sequences 

Phylogeny diagrams can also be produced for differences in the DNA base sequences. The diagrams can be made very rapidly using computer software to make the comparisons. These diagrams can be used to provide evidence for evolution. Visit the DNAtoDarwin website accompanying this activity. Use the case studies to explore the molecular biology evidence for evolution, using computer software to analyse DNA and protein sequence data. Each of the case studies is based on recent research in molecular genetics encompassing microbiology, plant and animal biology, and human evolution. 
Key to amino acid 





A = Alanine


C = Cysteine


D = Aspartic acid


E = Glutamic acid


F = Phenylalanine


G = Glycine


H = Histidine


I = Isoleucine


K = Lysine


L = Leucine








M = Methionine


N = Asparagine


P = Proline


Q = Glutamine


R = Arginine


S = Serine


T = Threonine


V = Valine


W = Tryptohpan


Y = Tyrosine








A





B





C
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