
LECTURE 4

Binomial expansion

A.  Use the binomial when there are only two alternatives to an outcome and when the
probability of occurrence of those outcomes ( when summed) equals one or unity

e. g.,    flip of a coin, w here p( H) = '/ z, p( T) = '/ 2, and p( H) + p( T) = 1

Note:  p ( event# 1) does not have to equal q ( event# 2); however, the sum of their separate
probabilities (p + q) must equal one

B.  Suppose one flips the same coin twice (or two coins separately)

2H = ('/ 2) ('/ 2) = '/ 4

1H, IT= ('/ 2) ('/ 2) +  ('/ 2) ('/ 2) =  '/ 2 because can happen two ways
2T= ('/ 2) ('/ 2) = '/ 4

a) suppose order was specified, i. e., 1( H) then 1( T)...('/ 2) ('/ 2) _  '/ 4

C.  Expanding the binomial (coefficients and exponents)

a) use   ( a+ b)°, where a= probability of event# 1

b= probability of event #2
n= number of trials (replicates)

b) some coin- flip examples:

two coin flips: a+ b)
2 = 

a2 + 

2ab + 
b2

consider terms

three coin flips:       a+ b)
3 = 

a3 + 

3a2b + 
3ab2 + b3

consider terms

order specified: 1H, 1 H, IT or IT, 1 H, IT

c) " genetics" examples:

i)       assume p( G) = 1/
2, and p(B) = '/ 2

ii)      family of 4 use Pascal' s triangle for coefficients

iii)     family of 5

d) another" genetics" example, probability of albino( s) in heterozygote cross

i) families of 4 or 5; specify order in some examples
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Chi- square goodness-of-fit

Straightforward, statistical approach ( test) to ask whether expectations (predications) of a
genetic hypothesis " fit" results obtained from an experimental cross

A.  Suppose a standard Mendelian cross ( i. e., true-breeding PI, F1, F2) yielded the following:

130 red, 50 white

1.  This could represent a 3: 1 ratio (meaning one gene, two alleles, simple dominance) or
it could represent a 2: 1 ratio (meaning one gene, two alleles, but where there' s a
homozygous lethal segregating in the presumed F 1)

2.  The Chi- square test can be used to determine which of the two hypotheses better" fit"
observed data

X2 = 

E ( obs. —exp.)
2

exp.

a)  test of simple dominance:   two classes expected in 3: 1 ratio, so of 180 total

expected red= 3/ 4 of 180 = 135

expected white =      1/ 4 of 180 =  45

b)  test of lethal: two classes expected in 2: 1 ratio, so of 180 total

expected red = 2/ 3 of 180 = 120

expected white 1/ 3 of 180 =  60

c)  for simple dominance:     
X2 =  (

130— 135)
2 + (

50- 45) 2
135 45

XZ = 

25/ 135  = 25/ 45

XZ = 

0. 74

d) for lethal:     
X2 = (

130- 120)
2 + (

50- 60) 2
120 60

X2 =  

100/ 120 +  100/ 60

XZ = 

2. 50
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3.  Once a Chi-square value has been obtained, determine the " degrees- of-freedom"

Degrees of freedom = number of classes— 1

In this case, 2- 1 = 1 degree-of-freedom

4.  Next step is to consult a table of chi-square for a P ( probability) value at a specific
alpha value and with one degree of freedom

a)  Conventionally, use a = 0. 05 ( 1 in 20)

b)  At a= 0.05 and 1 degree of freedom, critical chi- square is 3. 841, so cannot reject
either hypothesis!!!

5.  What does P value mean? It' s the probability that if you repeated the same experiment
you would obtain the same or more deviant results than those observed by chance
alone

6.  What to do in the case of the problem above?

a)  obtain more samples, e. g., try 360:      observed = 260 red

100 white

i)  test of simple dominance:  expected red is 3/ 4 of 360 = 270

expected white is 1/ 4 of 360 =  90

ii) test of lethal:    expected red is 2/ 3 of 360 = 240

expected white is 1/ 3 of 360 = 120

iii) for simple dominance:      
X2 =  (

260 - 270)
2 + (

100— 90)
2

270 90

X2 =  

100/ 270 =  100/ 90

X2 =  

1. 48     ( accept)

iv) for lethal:     X2 = (

260- 240)
2 + (

100- 120)
2

240 120

X2 = 

400/240 + 400/ 120

X2 = 

5. 00     ( reject)


