How can the random processes of evolution produce complex adaptations? 
An example using words as organisms
Introduction

The process of evolution by natural selection is simple, but often misunderstood. It is frequently not grasped that random changes are not the sole engine of change and that selection plays an equally important role. Unfortunately this misunderstanding is often used to support arguments suggesting that evolution does not work and so some other process, often intelligent design or creationism, must be responsible. An example of such misunderstanding is given in Appendix A. The quote is typical of the view of many who cannot grasp how the process of evolution by natural selection can produce complex adaptations. This has led to the doctrine of ‘irreducible complexity’ a form of creationism that is apparent in these two quotes from one of its proponents Michael Behe: 

“By irreducibly complex I mean a single system composed of several well-matched, interacting parts that contribute to the basic function, wherein the removal of any one of the parts causes the system to effectively cease functioning.”

And
“Since natural selection requires a function to select, an irreducibly complex biological system, if there is such a thing, would have to arise as an integrated unit for natural selection to have anything to act on.” 

The aim of this exercise it to demonstrate how combining random processes with non-random selection can rapidly produce complexity. It is hoped that this can be used to stimulate further discussion.

The example in the appendix uses the analogy of the chances of guessing correctly the spelling of a 10 letter word, using the 26 letters in the English language. The quote in the appendix is correct; it is extremely unlikely that a 10 letter word will be randomly guessed correctly (or evolve) in one attempt
.  In this example the correctly spelt word represents the perfectly adapted organism. Each letter represents a different feature of the adaptation, for example an eye consists of an iris, lens, retina, muscles, cornea and so on. The different letters at each position in the word represent the mutations that can lead to the different phenotypes.

However, while the argument can be seductive, there is a fatal omission in the analogy. While mutation is (generally) a random process, Natural Selection is far from random. It is the combination of the random process of mutation with the highly selective process of Natural Selection can quickly produce complexity. 

‘Life evolves from the non- random survival of randomly varying replicators’. 
Richard Dawkins

‘Life evolves from randomly varying replicators’ 
Paraphrasing the complexity argument.

The excel spread sheet

This exercise uses Microsoft Excel to randomly generate letters (mutation) to see if the word ‘evolution’ can be spelled by a randomly process in a sensible number of  attempts (generations). In the second part you add on a component of selection and compare the number of generations required in this more realistic simulation.

Taking the word ‘evolution’ we can assign the following code numbers to the 8 letters that make up the word as shown in the table below
.

	e
	i
	l
	n
	o
	t
	u
	v

	1
	2
	3
	4
	5
	6
	7
	8


The word evolution then has the number code  1, 8, 5, 3, 7, 6, 2, 5, 4, as shown below.

	e
	v
	o
	l
	u
	t
	i
	o
	n

	1
	8
	5
	3
	7
	6
	2
	5
	4


A. Random mutation with no selection

We are supposing that each generation each letter can have any one of 8 mutations (letters). How many generations will it take to get the word ‘evolution’ (i.e. the code 1, 8, 5, 3, 7, 6, 2, 5, 4,).   There are 8 possible mutations (or alleles?) of the nine letters (the right letter representing  the ideal phenotype). All letters must appear together, i.e. the word must be perfect. 

1. Open the accompanying excel spread sheet ‘’mutation’

2. You will see the word ‘evolution typed out in the first row. In the second row the cells contain a formula which generates a random number between 1 and 8 each time a key is pressed. These numbers are shown in blue below the word. The code required to spell the word ‘evolution’
 is in the next row.

3. The ‘match letter?’ row the appropriate letter will appear if the correct code is produced. (i.e. if the mutation in the first letter comes up with ‘1’ coding for ‘e’ then an ‘E’ is returned in the ’match?’ box.

4. Advance one generation at a time, or let the simulation run by pressing the appropriate button.
5. Do you get the whole word ‘evolution’? 
6. You could do many more, but it’s not likely that you’ll get the whole word. For the nine letter word ‘evolution’, using only the 8 letters of the word the chances are 1 in 98  or 900 million to one.

B. Random mutation with selection

So, you will have probably concluded that random mutation cannot quickly produce the perfect word. However do you need all the letters to be able to guess at the meaning? You can read the meaning of the word ‘evolution’ but might also have guess at the meaning of ‘evslution’  ‘evolmtiop’, these letters convey more meaning than for example ‘xcrnjjhyf’ or ‘enjsplaiu’. Thus there are advantages in an imperfect spelling of the word. Obviously the meaning of the word becomes increasingly difficult to understand as the combination and position of the letters get more inaccurate, however as crossword puzzlers will know, any letter is a help (making the word ‘fitter’) even if by only a small amount.  In addition, all the right letters but in the wrong order are fitter than a truly random series of letters as those who are good at anagrams will testify e.g.  solve the anagram ‘nteuolovi’. 

Having some letters is better than none at all.  The situation is analogous to the process of Natural Selection – organisms with an advantage- even a small one - will tend to survive – they do not have to be perfect. 

Simulate selection in a second exercise on the ‘mutation selection’ sheet. In this example when a letter appear in the correct position it is fixed and no longer changes. This is an increase in fitness I.e. out ability to guess the word is improved if we know some letters
.

1. Reset the sheet.
2. Advance one generation, if a match appears type it in the first letter (E) it is fixed. 

3. Since this letter (character) has a selective advantage compared to no letters, this part of the word is as fit as it can get
.
4.  Continue through the generations, each letter will become fixed as mutation produces the fitter phenotype.

5. How many generations did it take?  - as there is a random component it will usually be different for each run. Probably less than the 900 million supposed by the ID people.

The difference between the two methods is because the letters changing at random in both examples but are selected in the second. This is the one of the many fundamental misunderstanding of evolution that it is a combination of random mutations and non random survival.

Appendix A

Example of one of many a misunderstandings of the role of random events (mutation) in evolution

The biological sciences have also made impressive strides over the past century. The more that scientists learn about life, the more complex life appears. The life processes are now known to be immensely complex, each function having many interrelated parts. For example, if a function requires 100 parts then all 100 parts must be present before the new function will provide any benefit to the creature. If a creature should develop one of the parts by chance, it would be of no advantage and probably be a disadvantage to the creature. Therefore, there is no slow, gradual pathway to this new function. This has created a very high hurdle for the theory of evolution. Functions that have many interrelated parts are said to have irreducible complexity.

A quantitative example will help to illustrate this point. Suppose I have a 10-letter word in mind and I want you to guess the word by randomly guessing the letters. The probability that you will guess the first letter correctly is 1 out of 26 since there are 26 letters with equal probability of being chosen. Likewise, the probability of your guessing the remaining letters is 1 out of 26 for each one. The chance that you will correctly guess all the letters simultaneously is 1 out of 26 x 26 x 26 x 26 x 26 x 26 x 26 x 26 x 26 x 26 or 141 trillion. If you guessed a combination of the 10 letters once every second, how long would it take to find the correct combination? The number of seconds in a year is 365 x 24 x 60 x 60 or 31,536,000 seconds, so that is how many guesses you could make in a year. 141 trillion combinations divided by 31,536,000 guesses per year equals 4.5 million years to try all the combinations.

The significance of this illustration is that random chance is very inefficient in creating a complex object. Guessing one correct letter would not take very long because there are only 26 possibilities. However, when you need to choose 10 correct letters simultaneously, the number of possibilities becomes enormous and it will take a long time to find the correct sequence. Imagine how long it would take random chance to produce a complete sentence or a whole book. This example illustrates that an intelligent designer is necessary to create something with even a modest level of irreducible complexity.

http://www.karma2grace.org/webcomponents/faq/index.asp?det=47
� The chances will be 1 in 1026


� Note that in this example all the letters of the word are used – there are no redundant letters. While this speeds up the simulation it does not change the basic conclusion that random processes do not generate complexity whereas random processes plus selection do.





� You may have to ‘enable macros’ to get it to run





� By aiming to spell the word ‘evolution’ there is a purpose or direction to this exercise which is not present in the process of evolution by natural selection


� We have made it harder for selection by only allowing an increase in fitness if the letters appear in the correct order


� We are giving the presence of the correct letter a 100% survival. In reality the value (or increase in fitness) would be less than this but it would be a selective advantage nevertheless. 








