Exercises on group coancestry and status number
Coancestry, f,  is a quantification of relatedness between individuals, the coancestry of mates becomes the inbreeding, F, of the progeny. Group coancestry, GC, is the average of coancestry values among a group of individuals, and useful for monitoring the degree of relatedness in a group. Other ways of expressing coancestry is Gene Diversity, GD, loss of Gene Diversity (=group coancestry) and Status Number, Ns, which is useful as an effective number. GD=1-GC; NS=0.5/GC. 
Tips and comments

The Tree Breeding Tool (TBT) web site is useful. It is accessible from
http://www.genfys.slu.se/staff/dagl/Breed_Home_Page/
All problems are not solved, they stand as challenges for those who want to check that they understood. You can solve them and send the problem and solution to Dag Lindgren for check.

Relevant reading is available on /Derivations_of_coancestry_ based_on_pedigree.doc and Status_Number_reveiw_97.html. and a minicourse which is found on TBT under tutorials.

It is not as trivial as it looks like to get the coancestry values (see Lindgren et al 1996 for a general algorithm).

(Group coancestry = average coancestry = average kinship=average of elements in coancestry matrix=f)
It is difficult to get non-Latin (=non-American) characters, which reproduce well on all screens. Therefore the Latin characters GC is used for Group Coancestry, although it is preferred to use the Greek letter capital theta Θ, and f is used for pair-wise coancestry in spite of that the Greek letter small θ may be preferred when it works. fPQ means coancestry between P and Q.
1.5-6 A. There is a worksheet COANCESTRY_MATRIX meant for demonstrational purposes.

 A, B and C are unrelated and not inbred. Three crosses are made: A*B, B*C and A*C (single-pair mating). The best individual in each full sib family is selected. Calculate group coancestry for a population consisting of these three selected individuals. A, B and C are selected plus trees from a wild population, what is the loss of Gene Diversity (reference the wild population)?

Solution 1.5: A row in the coancestry matrix will be 
0.5; 0.125; 0.125 ; average 0.25. As all rows has the same elements the average will be the same for all (GC=0.25). 

Solution 1.6: The loss of Gene Diversity compared to the wild population is the same thing as Group Coancestry, thus GC=0.25 (25 %).
Exercise 4
 4 A seed orchard has 10 equally fertile unrelated and not inbred clones. The clones are not self-fertile. There is no contaminating pollen. Calculate the expected group coancestry or status number for the following cases:

 4.1A. The crop is harvested in a sack and a large number of seeds is taken, consider the seeds in the sack.

Example 4.1A. Solution:

There are 20 founder genes in the sack, equally frequent. If two genes are taken from the sack, the chance that the second will be equal to the first is evidently 0.05.

4.1.B. Same as 4.1.A. What is the Gene Diversity of the seeds in the sack?

Example 4.1B. Solution:

Gene Diversity = 1-0.05 =0.95.

4.1.C. Same as 4.1.A but only five of the ten clones contribute pollen (thus each of these five gives 20% of the pollinations). What is the group coancestry? You may assume the crop is infinite.

Example 4.1C. Solution

5 clones contribute each 15% of the genes and 5 clones each 5% of the genes. The chance that both genes picked from the sack come from the same clone is 5*0.15*0.15 + 5*0.05*0.05=0.125. The chance that it is the same gene is half of that, thus 0.0625.

4.4 A large wind pollinated family is collected from one of the clones. These seeds can be considered a mixture of seeds with fathers outside the seed orchard (thus true half-sibs assuming all pollen parents outside the seed orchard are different and unrelated) and fathers inside the seed orchard (forming nine different full sib families). The maternal clone will not contribute paternally as there was no selfing. 
Solution 4.4. This example will be moved to 5.4 when solved and here a simpler version without contamination will be given to conform to the structure!

4.5. The clones are crossed by single pair mating and 5 set of full-sib seeds are produced. An equal but large number of seeds is taken from each cross.

Solution 4.5. A large full sib family has status number 2, so five unrelated large full sibs of equal size has status number 10.olution 4.5. A large full sib family has status number 2, so five unrelated large full sibs of equal size has status number 10. A large full sib family has status number 2, so five unrelated large full sibs of equal size has status number 10.
Exercise 5 

The complication of pollen contamination is considered. There are 10 clones in the orchard, but some of the pollen parents are found outside the seed orchard. Thus the clones have a lower paternal than maternal fertility. All pollen parents outside the seed orchard are different and unrelated 

5.1 The 10 clones in the orchard are equally fertile as seed parents and as pollen parents, but 50 % of the pollen origins from sources outside the seed orchard, thus the clones have a lower paternal than maternal fertility. 

5.1.A. What is the group coancestry and status number of a large crop?; 

Solution 5.1A: Only if none of two genes taken comes from the contaminating pollen there can be coancestry, the chance for that is 0.75*0.75. If both genes comes from the orchard genotypes the probability they are identical is 0.05  (compare 4.1). Thus the reply is 0.75*0.75*0.05=0.0281 and the corresponding status number is 17.8.
Solution 5.1B: This seems to be a classic application of the 0.5/N factor for "increment of inbreeding" (see Falconer!). What Falconer and other call increment attributable to new inbreeding is actually better viewed as increment of group coancestry! Thus if we take 10 seeds at random from a large sac of seeds with GC=0.0281, the group coancestry will be GC=0.05 + 0.95*0.0281 = 0.0767.

5.2 Same as 5.1 but only five of the ten clones contribute pollen (thus each of these five gives 10% of the pollinations). What is the status number? You may assume the crop is infinite.

Solution 5.2
Use of the seed orchard manager work-sheet or the formula in Kang et al (submitted): Insert A=1 as there is no fertility variation. Pollen contamination is 50%, thus M=0.25. There are 5 pollen parents (Nf=5), 10 seed parents (Nm=10), and 5 shared seed and pollen parent (Nfm=5). Then, GC is 0.03125 and Ns is 16.0.
Alternatively the problem can be treated like this: There are three sources to the gene pool of the seeds, 5 clones which contributes 10% each; 5 clones which contribute 5% and contaminating pollen which contributes 25%. GC = 0.5[5*0.12 + 5*0.052] + 0*0.25 = 0.03125 

5.4 A large wind pollinated family is collected from one of the clones. These seeds can be considered a mixture of seeds with fathers outside the seed orchard (thus true half-sibs assuming all pollen parents outside the seed orchard are different and unrelated) and fathers inside the seed orchard (forming nine different full sib families). The maternal clone will not contribute paternally as there was no selfing. 

see 4.4
Solution 5.4, used Excel worksheet seed orchard manager (available at TBT).
Nm = 1 (one mother) , Nf = 9 (nine fathers) and Nfm = 0 (as there was no selfing there is no clones which are both father and mother).
M = 0.25 (gene migration, pollen migration is 50%)
--> Ns= 3.89; GC=0.12847

Exercise 8
8. Use of COADEMO (available on TBT-web site) 

You have the following genotypes

	Genotype
	Breeding value
	F
	Relatedness to the other

	A
	1
	0.25
	Full sib to B (father and mother in common with B)1

	B
	2
	0.25
	Full sib to A ( " A)

	C
	3
	0
	Half sib to D (same father as D but different mother)

	D
	4
	0.5
	Half sib to C (same father as D but different mother)2

	E
	5
	0.5
	Unrelated


Write the coancestry matrix

Give the penalty constant at which the set of three genotypes that maximises population merit changes

1. Note that the parents must be as related as full sibs. Note that full sibs must have identical inbreeding. 

2. Note that it must be something particular with the pedigree to get this result. But it may still be possible. How? 

Solution 8. Yongqi Zheng says it changes at c=12. But, now when I read this, it strikes me that this example is not well specified, relevant information is missing, this is a common phenomenon in science. Make the simplest possible specifications before you solve it. 

    
Exercise 9
9 A*B and C*D are two unrelated full sib families. A, B, C and D are not inbred. 
9.1 What is the group coancestry for a population consisting of NA*B members of family A*B and NC*D members of family C*D.   
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9.2 Let NA*B =2 and NC*D=3 (thus two members from the first family and three from the second). 
	9.2 Let NA*B =2 and NC*D=3 (thus two members from the first family and three from the second). The matrix shows the coancestry relations between the trees

	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	

	1
	0,5
	0,25
	0
	0
	0
	

	2
	0,25
	0,5
	0
	0
	0
	

	3
	0
	0
	0,5
	0,25
	0,25
	

	4
	0
	0
	0,25
	0,5
	0,25
	

	5
	0
	0
	0,25
	0,25
	0,5
	0,18


9.2 Let NA*B =2 and NC*D=3 (thus two members from the first family and three from the second).   
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Exercise 10
10. Trees from two families are put into a seed orchard. The fertility (flowering, size; ) can vary between families, it is double as high for the first family as the second. A large number of seeds are collected from the orchard.
10.1 to 10.2 are the same as 9.1 and 9.2 added that the fertility of the trees are the same and the group coancestry of the seed orchard crop is asked for. 
Solution 10.1 and 10.2 are the same as 9.1 and 9.2.

10.3.There are 5 trees in the orchard, 2 from one family and 3 from another, thus NA*B =2 and NC*D=3. The fertility (flowering, size; the same fertility on male and female side) varies between families, it is double as high for the first family as the second.  
Solution 10.3  NA*B  has group coancestry 0.375 and NC*D has GC=0.333. 
0.6667^2*0.375  + 0.333^2*0.333=0.2??
10.4  There are 5 trees in the orchard, 2 from one family and 3 from another, related, family (half sib), NA*B =2 and NC*B=3. The fertility (flowering, size; the same fertility on male and female side) varies between families, it is double as high for the first family as the second. 

Solution 10.4:  NA*B  has group coancestry 0.375 and NC*B has GC=0.333. 
0.6667^2*0.375  + 0.333^2*0.333 + 2*0.667*0.333*0.125 = 0.2??
10.5  There are 5 trees in the orchard, 2 from one family and 3 from another, related, family (half sib), NA*B =2 and NC*B=3. The fertility (flowering, size) varies between families and sexes, the female fertility is double as high for the first family as the second, while the male fertility is four times higher. 

Solution 10.5: 0.6667*0.8*.375 +0.333*0.2*0.333+(0.667*0.2+0.333*0.8)*0.125 = 0.272 
  

10.6. Similar to 10.5, but let the male and female fertility of each tree be known, but different. The following values apply: 

	Tree / gender
	female
	male

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 


Complementation and solution to be made...

 

Exercise 11
There are four clones in a seed orchard (1,2,3 and 4). Clone 1 and 2 are full sibs, otherwise where are no relationships.  Their fertility (contribution of successful gametes go the crop) is 0.5; 0.2; 0.2 and 0.1. Calculate the effective number of the seed orchard clones as well as the expected seed crop.
Solution 11: Effective number of clones is: 3,2   and effective number of seed crop is: 2.27  ; look for details in the EXCEL spreadsheet SEEDORCHARDCOA.
Exercise 12
Multigenerational. Repeated full sib mating, for  (cf Lindgren et al 199?). 
Base population 
	  
	A 
	B 

	A 
	0.5 
	0  

	B 
	0 
	0.5 


Solution Example 12. Solution to be made.

 

