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[image: image1.wmf]Genetic Drift for Strict

Sib

-

Mating

or…

Termite Genes Adrift
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[image: image2.wmf]Simplified Genetics

•

Gamete

•

Zygote

•

Gene

•

Allele

•

Homozygous

•

Heterozygous
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[image: image6.wmf]Additional Vocabulary

•

Genotype

: The alleles for both 

chromosomes.

•

Phenotype

: Observable characteristic set by 

genotype.

•

Heterozygosity

: Frequency of 

heterozygotes

.


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________



	Slide 7
	
[image: image7.wmf]Simple Gamete Mixing 

Expectations

With equal portions of alleles A and a 

we expect

¼ AA

½ 

Aa

¼ 

aa
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[image: image8.wmf]Allele Frequency p for A

and q=1

-

p for a.
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[image: image9.wmf]Hardy

-

Weinberg Equilibrium

•

Simple genetic mixing only.

•

List of assumptions.

•

Stable genotype frequencies after one 

generation.

•

Heterozygosity 

stable at 2pq.
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[image: image10.wmf]H

-

W Model Assumptions

•

Organism is diploid.

•

Reproduction is 

sexual.

•

Generations are 

nonoverlapping

.

•

Gene has two alleles.

•

Allele frequencies 

same in males and 

females.

•

Mating is random.

•

Population size is very 

large (infinite).

•

Migration is 

negligible.

•

Mutation can be 

ignored.

•

Natural selection not 

affecting these alleles.
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[image: image11.wmf]Typical HWE Protocol

•

Observe recessive phenotype frequency.

•

Assume recessive phenotypes to be 

aa

, i.e. 

frequency q

2

.

•

Work backwards to get frequencies for

AA = p

2 

= (1

-

q)

2

and for

Aa

= 2pq=2q(1

-

q).
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[image: image12.wmf]Random Genetic Drift

•

With HWE we need infinite population.

•

There is no random drift after first 

generation.

•

What about finite population assumptions?
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[image: image13.wmf]Random Genetic Drift in Finite 

Populations

•

Suppose breeding population of size N.

•

Each generation

--

N randomly chosen 

individuals propagate the next generation.

•

What if all N are AA (or 

aa

)?

•

What if N=4, p=3/4, q=1/4?

•

AA AA, AA 

aa 

[or AA 

Aa

, AA 

Aa

]
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[image: image14.wmf]N = 2

TERMITES!
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[image: image15.wmf]Termite Breeding (hypothetical)

•

One Queen and One King for entire colony.

•

Next generation Queen and King are 

siblings.

•

Colonies may split.
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[image: image16.wmf]States

•

p=1     AA and AA (Homozygous for A)

•

p=3/4  AA and 

Aa

•

p=1/2 homozygous  AA and 

aa

•

p=1/2 heterozygous 

Aa 

and 

Aa

•

p=1/4   

Aa 

and 

aa

•

p=0   

aa 

and 

aa 

(Homozygous for a)
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[image: image17.wmf]State Vector

•

X

k

= (x

1

,x

2

,x

3

,x

4

,x

5

,x

6

)

k

T

•

where x

1

=probability or frequency of state 1 

(AA AA).

•

where x

2

=probability or frequency of state 2 

(AA 

Aa

).

•

Etcetera
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[image: image18.wmf]Flow from State 1 (AA AA)

•

prob

(AA)=1

•

100%  

à

AA AA  (state 1)

•

Equilibrium State
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[image: image19.wmf]Flow from State 2 (AA 

Aa

)

•

prob

(AA)=1/2,  

prob

(

Aa

)=1/2

•

25%  

à

AA AA (state 1)

•

25%  

à

Aa

Aa 

(state 4)

•

50%  

à

AA 

Aa 

(state 2)
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[image: image20.wmf]Flow from State 3 (AA 

aa

)

•

prob

(

Aa

)=1

•

100%  

à

Aa

Aa  

(state 4)
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[image: image21.wmf]Flow from State 4 (

Aa Aa

)

•

prob

(AA)=1/4,  

prob

(

Aa

)=1/2, 

prob

(

aa

)=1/4

•

6.25%  

à

AA AA (state 1)

•

25%  

à

AA 

Aa 

(state 2)

•

12.5%  

à

AA 

aa

(state 3)

•

25%  

à

Aa Aa

(state 4)

•

25%  

à

Aa aa

(state 5)

•

6.25%  

à

aa

aa

(state 6)
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[image: image22.wmf]Flow from State 5 (

Aa

aa

)

•

prob

(

Aa

)=1/2,  

prob

(

aa

)=1/2

•

25%  

à

aa aa

(state 6)

•

25%  

à

Aa

Aa 

(state 4)

•

50%  

à

Aa aa

(state 5)
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[image: image23.wmf]Flow from State 6 (

aa

aa

)

•

prob

(

aa

)=1

•

100%  

à

aa

aa 

(state 6)

•

Equilibrium State
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[image: image24.wmf]State Transition Equations

•

x

1

ß

x

1

+ .25x

2

+ .0625x

4

•

x

2

ß

.5x

2

+    .25x

4

•

x

3

ß

.125x

4

•

x

4

ß

.25x

2

+ x

3

+ .25x

4

+ .25x

5

•

x

5

ß

.25x

4

+ .5x

5

•

x

6

ß

.0625x

4

+ .25x

5

+ x

6


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________



	Slide 25
	
[image: image25.wmf]Termites with Two Alleles
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[image: image26.wmf]Do the Excel Demo Here
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[image: image27.wmf]State Transition in Matrix Form

•

X

k

+1

ß

A 

X

k

•

where 

X

k

is the state vector at the 

k

th

generation.

•

and A is called the State Transition Matrix.
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[image: image28.wmf]State Transition Matrix
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[image: image29.wmf]State Transition Matrix

•

Entries are all between zero and one and the 

columns sum to one.

•

A is a stochastic matrix with a complete set 

of 

eigenvalues

.
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[image: image30.wmf]Eigenvector Representation

•

v is an eigenvector of A if Av=

l

v.

•

Initial state vector = sum of eigenvectors.
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[image: image31.wmf]Heterozygous Initial Condition
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[image: image32.wmf]K

th

Generation
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[image: image33.wmf]Observations from Matrix 

Formulation

•

Allele frequencies are preserved.

•

States one and six are absorbing.

•

All other states disappear (Termites are destined to 

be Homozygous?)

•

Starting from state four

--

heterozygosity

bounces 

then declines at a rate determined by the largest 

eigenvalue 

<1.

•

Heterozygosity 

at generation k is 

0.7236*0.809

k

+0.2764*(

-

0.309)

k
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[image: image34.wmf]Thanks for Playing with Me and 

My Termites
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States

		p=1     AA and AA (Homozygous for A)

		p=3/4  AA and Aa

		p=1/2 homozygous  AA and aa

		p=1/2 heterozygous Aa and Aa

		p=1/4   Aa and aa

		p=0   aa and aa  (Homozygous for a)










_1133580651.ppt


State Transition Equations

		x1x1 + .25x2    + .0625x4

		x2        .5x2       +    .25x4

		x3                         .125x4

		x4      .25x2 + x3 + .25x4 + .25x5

		x5                          .25x4 + .5x5

		x6                      .0625x4 + .25x5 + x6










_1133580666.ppt


State Transition Matrix
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_1133580674.ppt


Eigenvector Representation

		v is an eigenvector of A if Av=v.

		Initial state vector = sum of eigenvectors.

		X0 = v1+v2+v3+v4+v5+v6

		X1 = A X0 = Av1+Av2+Av3+Av4+Av5+Av6

		     = 1v1+ 2v2+ 3v3+ 4v4+ 5v5+ 6v6

		Xk = 1k v1+ 2k v2+ 3k v3+ 4k v4+ 5kv5+ 6kv6
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Kth Generation
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Observations from Matrix Formulation

		Allele frequencies are preserved.

		States one and six are absorbing.

		All other states disappear (Termites are destined to be Homozygous?)

		Starting from state four--heterozygosity bounces then declines at a rate determined by the largest eigenvalue <1.

		Heterozygosity at generation k is 0.7236*0.809k+0.2764*(-0.309)k
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Thanks for Playing with Me and My Termites
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Heterozygous Initial Condition
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State Transition Matrix



		Entries are all between zero and one and the columns sum to one.

		A is a stochastic matrix with a complete set of eigenvalues.
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Do the Excel Demo Here
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State Transition in Matrix Form

		Xk+1  A Xk

		where Xk is the state vector at the kth generation.

		and A is called the State Transition Matrix.
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termite


			Termites with Two Alleles																																							state			next			initial


			Exclusively Sib-Mating																																				k			0			1			0


																								Heterozygosity=1/2; p=3/4 (AA Aa)															x1			1			1			1


																																							x2			0			0			0


																								x2			0												x3			0			0			0


																																							x4			0			0			0


																																							x5			0			0			0


																																							x6			0			0			0


						All Homozygous p=1 (AA AA)


						x1			1


																								All Heterozygous (Aa Aa)																		All Homozygous p=1/2 (AA aa)


																								x4			0


																																										x3			0


						All Homozygous p=0 (aa aa)


						x6			0


																								Heterozygosity=1/2; p=1/4 (Aa aa)


																								x5			0
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Termites with Two Alleles state next initial


Exclusively Sib-Mating k 0 1 0


x1 1 1 1


x2 0 0 0


x2 0 x3 0 0 0


x4 0 0 0


x5 0 0 0


x6 0 0 0


x1 1


All Heterozygous (Aa Aa)


x4 0


x3 0


x6 0


x5 0


Heterozygosity=1/2; 


p=1/4 (Aa aa)


All Homozygous 


p=1/2 (AA aa)


All Homozygous p=1 


(AA AA)


Heterozygosity=1/2; 


p=3/4 (AA Aa)


All Homozygous p=0 


(aa aa)
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Flow from State 3 (AA aa)

		prob(Aa)=1

		100%    Aa Aa  (state 4)
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Flow from State 5 (Aa aa)

		prob(Aa)=1/2,  prob(aa)=1/2

		25%    aa aa (state 6)

		25%    Aa Aa (state 4)

		50%    Aa aa (state 5)
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Flow from State 6 (aa aa)

		prob(aa)=1

		100%    aa aa  (state 6)

		Equilibrium State
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Flow from State 4 (Aa Aa)

		prob(AA)=1/4,  prob(Aa)=1/2, prob(aa)=1/4

		6.25%    AA AA (state 1)

		25%    AA Aa (state 2)

		12.5%    AA aa (state 3)

		25%    Aa Aa (state 4)

		25%    Aa aa (state 5)

		6.25%    aa aa (state 6)
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Flow from State 1 (AA AA)

		prob(AA)=1

		100%    AA AA  (state 1)

		Equilibrium State










_1133580632.ppt


Flow from State 2 (AA Aa)

		prob(AA)=1/2,  prob(Aa)=1/2

		25%    AA AA (state 1)

		25%    Aa Aa (state 4)

		50%    AA Aa (state 2)
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State Vector

		Xk = (x1,x2,x3,x4,x5,x6)kT

		where x1=probability or frequency of state 1 (AA AA).

		where x2=probability or frequency of state 2 (AA Aa).

		Etcetera
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Allele Frequency p for A

and q=1-p for a.

		A
p		a
q

		A
p		AA
p2		Aa
pq

		a
q		aA
qp		aa
q2
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Random Genetic Drift

		With HWE we need infinite population.

		There is no random drift after first generation.

		What about finite population assumptions?
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N = 2

TERMITES!
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Termite Breeding (hypothetical)

		One Queen and One King for entire colony.

		Next generation Queen and King are siblings.

		Colonies may split.
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Random Genetic Drift in Finite Populations

		Suppose breeding population of size N.

		Each generation--N randomly chosen individuals propagate the next generation.

		What if all N are AA (or aa)?

		What if N=4, p=3/4, q=1/4?

		AA AA, AA aa [or AA Aa, AA Aa]
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H-W Model Assumptions

		Organism is diploid.

		Reproduction is sexual.

		Generations are nonoverlapping.

		Gene has two alleles.

		Allele frequencies same in males and females.



		Mating is random.

		Population size is very large (infinite).

		Migration is negligible.

		Mutation can be ignored.

		Natural selection not affecting these alleles.
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Typical HWE Protocol

		Observe recessive phenotype frequency.

		Assume recessive phenotypes to be aa, i.e. frequency q2.

		Work backwards to get frequencies for

 AA = p2 = (1-q)2

 and for Aa = 2pq=2q(1-q).
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Hardy-Weinberg Equilibrium

		Simple genetic mixing only.

		List of assumptions.

		Stable genotype frequencies after one generation.

		Heterozygosity stable at 2pq.










_1133580577.ppt






Zigofe

AEPloid:

chromosomes. inpairs

jene







_1133580585.ppt


Additional Vocabulary

		Genotype: The alleles for both chromosomes.

		Phenotype: Observable characteristic set by genotype.

		Heterozygosity: Frequency of heterozygotes.
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Simple Gamete Mixing Expectations

With equal portions of alleles A and a we expect

¼ AA

½ Aa

¼ aa
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Allele: cad'ms oS the gene
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Simplified Genetics

		Gamete

		Zygote

		Gene

		Allele

		Homozygous

		Heterozygous
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Genetic Drift for Strict

 Sib- Mating

or…

Termite Genes Adrift








