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Mendel's Second Law

Mendel's Law

A gene has two alleles A and a (yellow and green peas).

If either of AA , Aa or aA is inherited, then only characteristics
associated with A are visible (peas are yellow), A is dominant
allele.

If aa is inherited then peas are green.

Alleles are inherited independently from each parent.

If we hybridize green and yellow peas, how can we verify if
Mendel's law holds?
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Test for normality

When doing a hypothesis test for a mean we expect the
underlying distribution to be normal.

QQ plot provides an informal tool to verify the normality
assumption.

Is there a formal test for normality?
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Multinomial Distribution

R.v. X � B (n; p), if X is the number of successes in n
independent trials with success probability on each trial equal p.
For m = 0 ; 1; : : : ; n

P(X = m) =
� n

m

�
pm (1 � p)n � m :

Random vector X = ( X 1; : : : ; X k ) � Mult (n; p), where
p = ( p1; : : : ; pk ) with

P k
i =1 pi = 1 and pi � 0, if X i is the number of

times an outcome i was observed in n independent trials with
probability of outcome i being observed equal pi . Notice
P k

i =1 X i = n. For x i = 0 ; : : : ; n with
P k

i =1 x i = n

P(X 1 = x1; : : : ; X k = xk ) =
n!

x1! � � � xk !
px 1

1 � � � px k
k :
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Goodness-of-Fit Test

Let X be Mult (n; p) and N1; : : : ; Nk be observed counts.

To test H0 : p = p0 = ( p10; : : : ; pk0) vs. Ha : p 6= p0 compute

� 2 =
kX

i =1

(N i � npi 0)2

npi 0
=

X (observed � expected)2

expected
:

If npi 0 � 5 for i = 1 ; : : : ; k, then � 2 has approximately a
chi-squared distribution with k � 1 degrees of freedom.

P-value—area under the right tail of the chi-squared distribution.

If k = 2 , then � 2 and two-sided z tests are equivalent.
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� 2 Test for Continuous Distribution

We want to test that sample is drawn from some distribution with
known parameters, for example, N (�; � 2), where � and � are
known.

Divide real line into k intervals. We usually divide so that expected
counts are equal for all the intervals.

Compute actual counts for each interval.

Use formula from the previous slide to compute the � 2 statistic.
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Composite Hypothesis

We are dealing with multinomial distribution Mult (n; p).

Null hypothesis H0 : p1 = � 1(� ); : : : ; � k (� ), where � = ( � 1; : : : ; � m )
with m < k � 1 is not speci�ed.

Alternative hypothesis Ha : data come from some other
distribution.
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� 2 when Parameters are Estimated

Probability of observing counts N1; : : : ; Nk when H0 is true is

P(X 1 = N1; : : : ; X k = Nk ) / [� 1(� )]N 1 � � � � � [� k (� )]N k

Maximize the above expression to �nd the ML estimate �̂ of � .

Compute the chi-squared statistic

� 2 =
kX

i =1

(N i � n� i (�̂ ))2

n� i (�̂ )

which has approximately � 2
k � 1� m distribution.

The test can be used if n� i (�̂ ) � 5.
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Countable Discrete Distribution

Set of possible values is in�nite.

Group all the possible values in k bins.

Estimate � from bin counts N1; : : : ; Nk , not the sample X 1; : : : ; X n .

If �̂ is obtained from the sample X 1; : : : ; X n , then � 2 statistic
computed with this estimate is such, that the critical value c�

satis�es

� 2
�;k � 1� m � c� � � 2

�;k � 1:

Test procedure is

If � 2 � � 2
�;k � 1 reject H0.

If � 2 � � 2
�;k � 1� m do not reject H0.

If � 2
�;k � 1� m � � 2 � � 2

�;k � 1 withhold judgment.
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Continuous Distribution

Choice of the intervals should be done before collecting the
sample.

Choice of the intervals is arbitrary.

Parameters estimation from cell counts is almost always very
dif�cult.

If parameter is estimated from the sample (not from cell/bin
counts), then test procedure is the same as for the countable
discrete distribution.
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