EXAMPLES

Dag Lindgren Last edit 04-04-29
Here examples are given which should help getting started to use EXCEL workbook programs (and also to demonstrate some questions the programs can respond to). The answers to the task are in the document but printed in white, so the can be developed by the user. Most programs are EXCEL sheets. Do not let the Macros be disabled (see about trust)! There are usually instructions what programs to use and sometimes the right data has been inserted in the sheet, so you must not think on how to do that. There may be misprints, misunderstanding, references to outdated versions and errors, if so I am sorry and appreciate to get informed.

The setting is usually that you are the responsible breeder for a company operation 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. 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: Try e.g. 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
	Genetic value (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 gives the truncation. Alt 1 offers more diversity at 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 a clone, please use the values given, but add a clone with breeding value 1.

Solution: That does not make any difference to add clones with a breeding value below the intercept!

Task 2A: We are going to do a progeny test but we do not enough money. So we want to decrease the environmental error as much as possible and are making some consideration around that. If the additive variance (σA2) would be 1 (thus scale, how much the dominance variance (σD2) and the environmental variance (σE2) will be expected to make h2=0.1 and H2=0.2? 

Lead: Use Workbook GAINPRED_ADVANCED worksheet Gain pred BreedingValue (this is actually an introduction to next task, so what on the top is not forgotten.

Solution:  σP2 = 10, σD2 = 1, σE2 = 8.
Task 2B

Hi, we have been asked to manage one of the multiple populations of the Picea frigida breeding population. What is expected from us is to make crosses among our 50 initially selected plus trees to get 25 unrelated full sib families. These will be put into the field and later we will select 2 individuals from each family according to our interpretation of the ideas outlined in the Swedish "förädlingsutredningen" (Swedish forest tree breeding document from 1995, which Swedish forest tree breeders tend to lean themselves against). 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? 

Lead: Use Workbook GAINPRED_ADVANCED worksheet Gain pred BreedingValue Alt 4. Note that there are experimental plants in a column so it is just to adjust values to that.

Solution: 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,
We have a rather mature seed orchard with 100 clones with known breeding values. Now our environmentalist wants figures on how our different management options influence the diversity (measured as “status number”) of the seed orchard crop. We think she should be happy with the gene diversity added by our 40% contamination, but she still makes irritating noises. Please, calculate what the effective number (status number) will be.

3A. The main alternative is genetic thinning of the 50 worst clones in our mature seed orchard.

3B. After removing half of the clones we could pick seeds from the 20 best only

3C. Our seed orchard manager has suggested us that we after genetic thinning plant fresh ramets in a new part of the seed orchard from the 10 best clones from the orchard and add further 10 clones from other sources (we have a few superior clones in our breeding program which never were used in this seed orchard). The idea is that at the early harvests the seed orchard pollen comes from the 50 clones in the old part of the seed orchard, but the seeds come from the 20 clones in the new part of the seed orchard.

Lead: Use workbook: "ORCHARDMANAGEMENT_2001.xls"; sheet: "Simple". Initial setting that pollen contamination is 40% give M(igration)=0.2. The gain figures are irrelevant for this case), so they need to be adjusted for the C-part, but that need not be done.

Solution: 
3A. Genetic thinning; Remaining clones =50 gives NS=78.1 (instead of 50 for no pollen contamination)

3B. Genetic thinning first, when harvest best clones; Clones which serve as pollen source =50; harvested clones 20, gives NS=49.3.

3C 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=57.8.

Comments for more thinking: What happens when the new part gets more mature and starts producing pollen?

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 does 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 that there is not too much inconvenience involved (if it is not). 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 the 24 clones, which are currently in the seed orchard and how many ramets there are (altogether .750 ramets).

	BV
	Ramets
	BV
	Ramets
	BV
	Ramets
	BV
	Ramets

	87 
	36 
	52 
	11 
	48 
	40 
	48 
	40 

	68 
	17 
	52 
	31 
	48 
	24 
	48 
	24 

	67 
	42 
	51 
	24 
	48 
	13 
	48 
	13 

	65 
	23 
	51 
	32 
	46 
	43 
	46 
	43 

	64 
	31 
	50 
	30 
	45 
	32 
	45 
	32 

	61 
	45 
	50 
	45 
	43 
	39 
	43 
	40 


Lead: Use workbook: "LINEAR_DEPLOYMENT…"; sheet: " Thinning by Lin Dep". Remember that you must delete rows from the sheets if there are fewer clones than initially!

A way to make a comparison is to set the number of ramets, which should remain after thinning (L8) at 350. You can manipulate the alternatives by changing the two parameters controlling the line, that is the intercept and the slope (g0 and b). Note that truncation in this constrained case maximises gain.
Solution You may obtain something like the following table.

	
	Initial
	Truncation
	Alt 1
	Alt 2

	Ramets
	750
	375
	376
	234

	Intercept (g0)
	
	
	40
	45

	Slope (b)
	
	
	1.45
	1.4

	BV (G)
	53
	60.00
	58.41
	63.32

	Effective Number (Ne)
	22
	11.22
	17.70
	11.40


Although truncation thinning always maximises breeding value at a given number of remaining ramets, much gene diversity can be obtained by linear deployment (Alt 1) at a limited sacrifice in gain, and a more intensive thinning (Alt 2) can give much more gain without sacrificing any diversity.

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 a step of vegetative propagation. 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?  At the moment you need not care about the time difference, that is a future question, however it can be handled by the same worksheet.

Lead: Let σm remain =1. Use workbook: GAINPRED_ADVANCED.xls, sheet Gain pred BreedingValue. Use alt 4. Check that there are 10000 experimental plants in O41. See that there is no family gain in L45. Put the appropriate number in D48. Read gain in L41.
Solution

Set σA2, σD2 and σE2 so h2=0.1, H2=0.15; and σm =1; Choose Alternative 4. Family number =100;; within family selection = 3 individuals; Vary n (ramets per clone) and m (genotypes by family) so that total number is the same. 

Make a table like this

	Ramets

N
	family size

m
	Gain

	1
	100
	0.3554

	2
	50
	0.4137

	3
	33.3
	0.4353

	4
	25
	0.4411

	5
	20
	0.4382

	10
	10
	0.3754


It could be a good idea to clone, but it is not certain it is better than phenotypic selection when time and cost is considered. It seems good with around 4 ramets per clone instead of unreplicated phenotypes.

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 clonal 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?

Lead: Use workbook: "ORCHARDMANAGEMENT_2001.xls"; sheet: "
Solution

Average coancestry of the seeds harvested from the clonal seed orchard  (in G12)  = foreseen inbreeding coefficient in the seedling seed orchard originating from the seeds  = F = 0.018?. 7a: average coancestry of the seeds =inbreeding in the seedling seed orchard =0.016.

7b: 0.586F A

Task 8. We will establish a seed orchard with 36 clones (all will have the same number of ramets). Then we will harvest the seeds. We want predictions about the gene diversity, for the time being we do not consider the genetic gain. Could you calculate the status number (Ns) of each following case and compare with each other? ---use the following formula:
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Where; Nf  is the number of female parents, 

            Nm is the number of male parents, 

            Nfm  is the number of parents that are functioning as both female and male,
            M   is the rate of gene migration due to pollen contamination (i.e. M = ½ of Pollen contamination). 

         a) If we use the best 10 clones for harvesting seeds? (No pollen contamination)

         b) If we want to thin out the worse 26 clones? (No pollen contamination)

         c) If there is 40% of pollen contamination on both of a) and b)? (M = 0.2)

Lead: Use workbook: "ORCHARDMANAGEMENT_2001.xls"; sheet: ""

Or, if you want, use the formula above and calculate by hand.

Solution: a) = 4*36*10/(36+10*(1-2*0)^2+10*2*(1-2*0)) = 21.8

                b) = 4*10*10/(10+10*(1-2*0)^2+10*2*(1-2*0)) = 10

                c);  a) = 4*36*10/(36+10*(1-2*0.2)^2+10*2*(1-2*0.2)) = 27.9

                      b) = 4*10*10/(10+10*(1-2*0.2)^2+10*2*(1-2*0.2)) = 15.6
Task 10.

This example connects to the initial settings of the sheet. You are in charge of progeny testing for ranking the parents concerning their performance over an area based on their half sib progenies. A review of some available values has suggested variance components

Interaction between offspring and sites      5 units

Within an offspring on a site                     100 units

The cost relations between sites and plants are such that if you use an additional site, the resources allows 6 plants less per entry (over all sites) to be tested.

10a. You want to plant 24 plants per offspring

10b. You have a budget which could allow 37 plants per offspring if costs per site are neglected.

Calculate optimal numbers of plants per offspring and site and optimal number of sites.

Lead: Use workbook: "Sites2001.xls";

Solution:

An entry is an offspring

Input V(ge)=5; V(w)=100 (->Q=20) and  A=6. 

The optimal number of plants per site is K=11.

10a. Input M=24 plants per offspring gives nopt=2.2. Thus it is optimal to distribute the test plants among a little more than two test sites.

10b. Input C=37 plants per offspring  gives nopt=2.2. That gives the same result as 10a, that was actually a deliberate choice to facilitate understanding!

Task 11 (requires Solver installed and need some experience of Solver for problem-free operation!)

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 rumours 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, σam=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 -(preferable 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 expertise 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.

Task 12

Note: Before running this problem try the easier Task 11 using the Solver in GAINPRED workbook.

You are still dealing with birch. Your chief has been pleased with your previous solution. He wonders if you can solve a little more complicated task. You have made full sib families of birch (using single pair mating). Now the best parts of this valuable breeding material should be utilized in a seed orchard.

You want to reproduce the best genotypes (via micropropagules) for establishing the seed orchard. (You have heard that micropropagated plants can give superior seed quality in birch comparing to seedlings and grafts in plastic seed orchard.) 

The inputs are the same as in Task 11. You should select 20 families from 500. 

Results should be: family size, number of selected clones within a family, number of ramets per each clone, predicted breeding value for seed orchard, final cost and average coancestry.

Solution

Use alternative 4 in GAINPRED workbook. Use Solver similarly as in previous task.

Family size = 13 ; number of selected clones within a family = 15 ; predicted breeding value = 2,0381 ; cost = 98750 ; average coancestry = 0,025.

The answer is: To get the max. breeding value (and ensure the restrictions) in your seed orchard, you should have 13 individuals per family and select 15 ramets of each clone. You should also select one individual within each family. 

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.
� Seems like the solution is not quite ready





_1041318022.unknown

