EXAMPLES and SOLUTIONS (or indications of solutions)

The setting is that you are the responsible breeder and receive a letter from the tree improvement manager at Big Forests Inc.

Task 1

Hi, we enclose a list of our best progeny tested clones, we thought we wanted to order a seed orchard with the 10 best progeny-tested clones, 2000 ramets in total, (our authority says that we have to get that to get the desired diversity). However, we have heard that there may be a better way of doing that (“linear deployment”, which can be managed from a work sheet with a similar name). Please send suggestion how many ramets we should order for each clone, and if you do not follow our suggestion (and just deploy the clones with equal number of ramets), please comment on the advantages of yours (make a comparison with intercept, benefit, gain and effective number from the worksheet).

Clone-list: (American data from NC Raleigh, Weir pers comm. Jan 16, 1991. Height (stand scores, cf Hatcher et al. 1981, Silvae Genetica 30:184-). Only Clones represented in four or more crosses.) Clone breeding values for height are as follows:

(27, 28, 39,) 40, 41, 41, 43, 43, 43, 45, 46, 48, 48, 48, 50, 50, 51, 51, 52, 52, 61, 64, 65, 67, 68, 87. 

Some hints: Use Excel Workbook LinearDeplyment2000 Sheet: Establish… Note that you have to adjust the number of entry lines to the actual number of genotypes with know breeding values and not the number in the work sheet! Fill the values from the top (you need not fill the lowest values within hyphen, they are anyway totally truncated. Note that the list can not be truncated before g0.
Solution  Insert the (highest) breeding values. By deploying the clones linearly (alt 1) both higher gain and higher diversity can be obtained or the gain can be improved but diversity the same (alt 2) as in the truncation selection alternative according to the following table.

	
	
	Linear deployment 1
	Linear deployment 2
	Truncation selection

	G
	Gain
	61.80
	65.0
	61.80

	Ne
	Effective number
	13.40
	10
	10

	g0
	Intercept
	39.15
	43.2
	50.5

	
	Clones
	23
	17
	10

	b
	Slope
	6.6*
	9.15*
	

	Σf
	Ramets
	2002
	2000
	


 Actually this value does not matter for the proportions, it is just to get the number of ramets right! The b values can be chosen after the g0 values so the ramet number becomes right. 

The last column give the truncation. Alt 1 offers more diversity and the same gain, Alt 2 offers more gain at the same diversity.

Ramet numbers per clone for Alt 2 will be (from best clone and down) 401; 227; 218..Alt2 is for the same diversity.

Task 1b Hi, I forgot something, please use the default values, but add a clone with breeding value 1.

Solution: That does not make any difference

Task 2

Hi, we have been allocated to manage one of the multiple populations of the Picea frigida breeding population. We should when produce 25 unrelated full sib families and select 2 individuals from each family according to our interpretation of the ideas outlined in the Swedish "förädlingsutredningen". If we instead produced 50 unrelated full sib families and first selected the 25 best families before selecting the two best individuals in each, how would the gain be affected? We assume all parents are equal. We can afford an experimental field with 2000 plants. The heritability in narrow sense is 0.1 and in broad sense 0.15. Could you comment if this may be a good idea? 

Solution

Use workbook: GAINPRED.xls, sheet Gainprediction. Alternative 4 gives for the main alternative G=0.3606 and the variant G=0.7452. The difference is remarkable, but it has to be remembered that the worksheet assumes all parents to be equal, and as it is practised in Sweden the parents are progeny-tested before crossing, and thus the parents of the 25 full sibs would be better than the parents of the 50 full sibs, this has a considerable effect, actually the Swedish breeding plan is the best way if you have complete knowledge of parents beforehand and preset how many individuals you select. 

Task 3

Hi,

Our breeder has suggested us that we should make a big hole in our orchard and plant fresh ramets from the 10 best clones from the orchard and add further 10 clones from other orchards (we get the same gain for them). We should also remove the 50 clones with bottom breeding values from the old orchard by thinning, so 50 clones remains. Now our environmentalist wants figures on how that influences the diversity (measured as status number) of the seed orchard crop. We think she should be happy with our 40% contamination, but she still makes irritating noises. Please, tell her what the status number will be 1) immediate effects on the crop of the old part of the orchard; 2) if we collect seeds from only the 20 best clones in the old thinned orchard; 3) the early crop in the new part of the orchard (thus the pollen comes from the old thinned part).

Solution

Use workbook: "ORCHARDMANAGEMENT.xls"; sheet: "Number of clones". 

Initial setting M=0.2. (The gain figures is not relevant). 

1. Genetic thinning; Remaining clones =50 gives Ns=78.1 (instead of 50 for no pollen contamination)

2. Genetic thinning first, when harvest best clones; Clones which serve as pollen source =50; harvested clones 20, gives Ns=56.8.

3. Different seed and pollen parents; Clones serving as pollen source =50; clones serving as seed source =20; clones serving as both seed source and pollen source 10; gives Ns=69.4.

 

Task 4

Hi,

Our breeder thinks it is too troublesome to run the linear deployment for thinning our orchard. Probably she is right (as usual), especially as we probably anyway make it in a way which is not too dissimilar from what we would do if we used the algorithm, but our chief forester do not believe so. Could you please run some examples of thinning by linear deployment for us, so I am better able to convince my boss of the inconvenience involved. It could be of interest to see what happened if you removed around half of the ramets, and compared that with a truncation selection of the best of the clones (truncation certainly maximises gain, but also carries less status number, so in some way the status number must carry a value). I enclose a list on the breeding values of our clones and how many ramets there are at the moment in the orchard.

	BV
	Ramets
	BV
	Ramets
	BV
	Ramets
	BV
	Ramets

	87 
	36 
	52 
	 11 
	48 
	40 
	43 
	27 

	68 
	17 
	52 
	31 
	48 
	24 
	43 
	41 

	67 
	42 
	51 
	 24 
	48 
	13 
	41 
	18 

	65 
	23 
	51  
	32 
	46 
	43 
	39 
	31 

	64 
	31 
	50  
	30 
	45 
	32 
	28 
	41 

	61 
	45 
	50 
	45 
	43 
	39 
	27 
	40 


Solution Use workbook: "LINEAR_DEPLOYMENT.xls"; sheet: "Linear dep thinning". Remember that you must delete rows from the sheet as there are fewer clones than initially! You manipulate the alternatives by changing the two parameters controlling the line, that is the intercept and the slope. You may observe that thinning alternatives leaving half of the ramets can be found, which sacrifices little of the gain while maintaining much more of the diversity than the level around Ns slightly below 12 found by truncation thinning. 

 

 Task 5

Hi, 

We should produce 100 unrelated full sib families and select 3 genotypes from each family. Our experimental field supports 10000 experimental trees. We had intended to use 100 individuals per family, but we have heard some people suggesting that it may be better to use clones. The heritability in narrow sense is 0.1 and in broad sense 0.15. We have to wait 7 years from now till we can establish experiments if we use clones (as the vegetative propagation takes time, while using unreplicated phenotypes it takes only 3 years from now till we can establish field trials. Could you comment if this may be a good idea, and if so suggest how many ramets per genotype we should produce?

For more sophisticated calculations you may assume that our species has a rotation time of 60 years, and that we make selections in the field experiment in year 20 from now.

Solution

Use workbook: GAINPRED_ADVANCED.xls, sheet Gainprediction. set s A2 , s D2 and s E2 so h2=0.1 H2=0.15; and s m =1; Choose Alternative 4. Family number =100;; within family selection = 3 individuals; Vary n (ramets per clone) and m (genotypes by family). A more sophisticated analyses: Tr=60; T>m=0 (for alt 4). Read G at year 20 in column R. and T<p (for alt 4) according to the Table.

	Ramets

n
	family size

m
	G with selection at full rotation
	T<p
	G at year 20 

	1
	100
	0.3554
	3
	

	2
	50
	0.4137
	7
	

	3
	33.3
	0.4353
	7
	

	4
	25
	0.4411
	7
	

	5
	20
	0.4382
	7
	

	10
	10
	0.3754
	7
	


(Check that there are 10000 experimental plants). It seems good with around 4 ramets per clone.

Task 6

Hi, 

We should make a progeny-test of 100 plus-trees with polycross, (we choose the 50 best tested plus-trees and use them in a seed orchard, we believe the breeders are interested in making controlled crosses among those trees to get offspring for forward selection). However, I am under the impression that one of the favourite pets by Dag Lindgren is that it may be better in the long run to make parental ranking (eg for selection to seed orchards) by SPM (single-pair mating) so we can use the test for selection forwards as well as back-wards, but still use the results from the SPM for parental ranking. Our chief forester suspects this to be rather senseless, we could loose a good genotype just as it appears in a mating with a bad one (he expressed it that you may shoot an innocent bystander while killing the dog, but being a dog lover I hesitate to the formulation). However, I would like you to illuminate the problem with some calculations. Our budget is 4000 $, an experimental plant costs 1$, a cross costs 20$. The additive variance is 10 % and the dominance variance 5% of the total phenotypic variation.

Solution

Use workbook: GAINPRED_ADVANCED.xls, sheet Gainprediction. Alternative 1-2. Set cep=1 ; set 50 parents selected.

	
	cpp
	m
	

	PC (alt 1)
	20
	20
	G1=0.4609

	SPM (alt 2)
	10
	60
	G2=0.4478


Comment: Polycross seems better, but the point is that it may not be so much better, and SPM permits forward selection, while for PC a lot of cost and time have to be spent on that. You could actually select forward and for 2 selections from the 25 best families you get G4=0.7925 (with a status number of 33.3 instead of 50) . 

 

 Task 7

Hi,

At the latest managerial meeting someone had the idea to establish a seedling seed orchard by open pollinated seedlings harvested from known superior clones in an existing clonal seed orchard. He wanted to collect cones from the best 10 clones, where are 50 clones in the seed orchard, where is 20% pollen contamination and the contaminating pollen originate from the same population as the plus trees were selected in. The seed orchard may be assumed to be panmictic. Pollen contamination in the seedling seed orchard can be disregarded. I think it would help further discussion if you: 

7a. Give an estimate on the expected inbreeding in the suggested seedling seed orchard.

7b. By the plus tree selection of the 50 trees you have made a genetic gain of one standard deviation of breeding values (F A). The standard deviation between plus trees is also F A. What is the estimated gain in the seedling seed orchard?

Solution

7a: average coancestry of the seeds =inbreeding in the seedling seed orchard =0.016.

7b: 0.586F A

 
Task 8 (requires Solver installed)

Hi,

There is a new market opening for birch pulpwood that looks very promising. My company wants to assure a good position on this expanding market and I am responsible for birch breeding in the company. I have collected 500 genotypes of birch (Betula pendula). There is a need to test them for wood quality and use the best clones for a seed orchard to get an excellent profit in future. My chief allows me to invest 100000 into this program. I must find the best way to use these funds. 
You know that we discussed about how  I should optimise  my breeding of birch with a high timber quality. I know you master the tool GAINPRED for that and I have heard romours that there is a much faster way to use GAINPRED than just trial and error. Can you advice me how to do that?

You must have some information to solve this problem: 
1. variance components: additive variance = 1, dominance variance = 0, environmental variance = 9 (this makes the variances add up to 10 together, which is convenient to work with.
2. cost components: cost of initiation = 0, cost per exp. plant = 1, cost per ortet = 100
3. Q=1, sam=1 (units of some kind, e.g. m3) 
4. 20 clones should be selected (that corresponds to group coancestry =0.025).

Solution

Your steps could be:
1. use worksheet (GAINPRED -(preferrable the latest and most advanced version).
2. Select alternative 5 in the worksheet: "Selection of best tested clones in an unstructured material".
3. Input all constants: variance components, cost components and other data.
4. Input number of available genotypes (500).
5. Try to find manually the optimal solution under the restriction of 100000. 
(You can use Solver that can find the optimal solution for you, but it is not necessary for this simple example.)

How can you find the optimal value with Solver?
1. Find Solver in Tools menu.  Note that Solver is not  immediately available on all EXCEL installations, it may be available through add-ins. click add in and see if Solver is there, if not search for help by expertice  in some way 
2. Adjust the Target cell - click on "Predicted breeding value improvement" in worksheet. Then click on "Max".
3. Adjust Changing cells - click on the clone size.
4. In Constraints - press "add". In cell reference, click on clone size. Place integer as a constraint. In the next step you should make a restriction for value of clone size to be bigger or equal to 1. Write the restricted money you are allowed to use in any cell that is empty and that is near to a cell: "Cost for experiment". Include that into the constraints, i.e. the money Solver calculates must be smaller or equal to the cell where you write the money you are allowed to use. 
5. Press the button "Solve". Note: Before doing that when dealing with real data, please check that the solution is logically possible. Otherwise solver can not fulfil your expectations. 
The results are:
clone size = 100 ramets
final cost of the experiment = 100000
group coancestry = 0.0250
genetic gain = 2,0528 (Maximum genetic gain in seed orchard you can get from your budget)

The answer is:
You can get maximal output from the given investment under the given restrictions when you select 20 best clones and use 100 ramets per each clone.

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. Note that Latin letters are used to avoid complications with the web. More details are given at the end of this document. A minicourse focusing on group coancestry can be found on TBT under tutorials. 
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).   
[image: image2.png]2*(2+3f

8,- -277.
P T 043




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.

 

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 Q , and f is used for pair-wise coancestry in spite of that the Greek letter q may be preferred when it works. fPQ means coancestry between P and Q.
Task 2

Give the following selection intensities with an error less than <0.001 (use SELEINT2)

a. Best 2000 from 10000

b. Best 0.0000571 from a very big number

c. Best 7 from 3658

Solution:   ?.

