Quantitative genetic foundations to relatedness, inbreeding and gene diversity

Dag Lindgren

Useful concepts

Some useful concepts will be defined

Identical by descent (IBD) means that genes at the same locus are copies of the same original gene in some ancestor.

The chance that both homologous genes in the same zygote are identical by descent is called inbreeding (F) (or “coefficient of inbreeding”).

Coancestry ((, f) between two individuals is the probability that genes, chosen at random from each of the concerned individuals, are identical by descent (or rather “coefficient of coancestry”). Kinship is equivalent to coancestry.

If two individuals mate, their coancestry becomes the inbreeding of their offspring.

Self-coancestry: An individual's coancestry with itself is 0.5(1+F).

This can be realised e.g. by considering that coancestry in the previous generation becomes inbreeding in next, and then consider selfing.

Founder population is the starting point of calculations. If all inbreeding and coancestry of the founder population is known, inbreeding and coancestry can be calculated from the pedigree. It is usually practical and convenient to set inbreeding and coancestry to zero in the "wild forest" (or source population) and see the founders (plus trees) as a sample from the wild forest.

Inbreeding and coancestry are relative to some real or imaginary "base" or "reference" or "source" population. Most conveniently this is the founder population or the wild forest.

Gene pool means all genes in a population. It is convenient to consider genes at one locus. The gene pool is independent on how (or if) a population is organised in zygotes.

Identity By Decent in the Gene pool
A population with N zygotes has 2N different genes in the gene pool. It can be visualized like a lot of balls swimming together with 2N different tags. The sampling process is best understood as if it were an infinite number of balls.
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Each gene has the frequency 1/2N. 
Now imagine that two balls are taken from the pool, what is the probability that they carry the same of the 2N tags? The sampling is visualized by arrows. It is easiest to see it as very many balls, but alternatively it can be viewed as sampling with replacement.
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The probability to sample copies of same initial gene twice is 1/2N. The probability that different genes will be sampled is (1-0.5/N).
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A pair of genes can be IBD (identical by descent). The probability that they are IBD is the coancestry. Thus, coancestry can be seen as a probability.
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The gene pool is usually structured in diploid individuals. The probability that the genes in two specific individuals are IBD is the coancestry between these two individuals.

The probability that the two different genes in the same diploid individual are IBD is the inbreeding (coefficient of inbreeding).
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For self-coancestry the two genes need not to be different. If they are different f=F, if they are the same f=1. The expectation is f=(1+F)/2.

There are three different mechanisms genes sampled in a population may be IBD:

1. The same gene is sampled twice (that could be called genetic drift);

2. The genes sampled are homologous genes from the same inbred individual;

3. The genes sampled originate from different individuals which can be IBD (relatedness).

This is an exhaustive list covering all cases.

The coancestry matrix

To systemize, all individuals in a population can be compared for their relatedness in a matrix. The values of the pair-wise coancestry between all pairs of members of a group of individuals (or gametes) can be arranged in a coancestry matrix. A simple example with the coancestry matrix for a population with three members is given below. There is a pair of sibs, and an unrelated completely homozygous individual.

	Ind
	1
	2
	3

	1
	0.5
	0.25
	0

	2
	0.25
	0.5
	0

	3
	0
	0
	1


The coancestry for a specific pair of individuals can be written as f2,1=0.25. A covariance matrix is symmetric, thus f2,1= f1,2 . Thus it does not matter in what order the individuals in a pair is identified. The values along the diagonal in a coancestry matrix are the self-coancestries, they appear only once. They give the same information as inbreeding, although non-inbred get the value 0.5. If two genes are sampled from the same diploid, there is one chance in two to get the same gene twice. Coancestries can be interpreted as probabilities, thus 0 ( f ( 1.

Some examples of coancestry between relatives are given in the Table.

	Relative
	Coancestry

	Unrelated
	0

	First cousins
	0.0625 (=1/16)

	Half sibs
	0.125    (=1/8)

	Full sibs
	0.25      (=1/4)

	Parent-offspring
	0.25       (=1/4)

	Self-coancestry
	0.5        (=1/2)


The values can be derived by thinking in term of shared genes or drawing pedigrees and follow the genes. Full sibs share two parents with four “genes”, the chance that two taken at random are the same is therefore 1 in 4.

Group coancestry

Consider all homologous genes as a big pool and select two from this pool, at random with replacement. The probability that those two are IBD is defined as  group coancestry. (

, this term was introduced by Cockerham 1967).
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From Lindgren et al 1996, Silvae Genetica

KURS_DOKT_0799

Breeding population size 50, differently managed over generations

Mating   Offspring per parent

Selfing          2 (1=2) 

Full sibbing   2

random         2

random         random


Group coancestry is the probability that a pair of genes from a group are identical by decent. The overall probability for the group can be obtained as the average over all individual probabilities. To make this in a systematic manner, it is helpful to list the coancestry between all individuals in a coancestry matrix, where all members of the group are listed both in the rows and in the columns. In such a matrix there are N2 individual cells with individual coancestry values. Group coancestry equals the average of all N2 coancestry values among all combinations of the N individuals in a population (or the average of all 4N2 combinations of individual genes). This average could also have been called “average coancestry”. The term group coancestry is preferred because it “average coancestry” leads associations to something excluding self-coancestry, and a probabilistic definition may offer concept ional advantages. 

The matrix given above is considered again.

	Ind
	1
	2
	3

	1
	0.5
	0.25
	0

	2
	0.25
	0.5
	0

	3
	0
	0
	1


The sum of the 9 coancestry values in the matrix is 2.5. The average is group coancestry, which becomes 2.5/9 = 0.278. Thus the probability of IBD that two genes taken at random from this group of 3 individuals is 0.278. While calculating the average, note that self-coancestry appears only once for each individual, while other coancestries appear twice (reciprocals).

Group coancestry can be expressed by an average of coancestry values by a formula like this:
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There are some short cuts, so often the full matrix need not be written. If all individuals in a population are related in the same pattern, it is enough to calculate the N coancestry-values connected to a single individual. All members in a full sib family have the same relatedness to all other individuals. Thus it is enough to construct the coancestry matrix for full sib families (and make some thinking). θii may require some thinking (look at group coancestry for a full sib family). If parts of the matrix are unconnected; it can be broken down in smaller pieces.

Self-coancestry can be viewed at as the group coancestry for a population with a single member.

Group coancestry depends on relatedness, not how uniting gametes are arranged.  A brother is equally related to his brother as to his sister, in spite of that his gametes are able to unite only with those of his sister.

Equivalently to group coancestry, “group inbreeding” can be derived (Cockerham 1967). However, this is just the average inbreeding and no misunderstanding can occur, so that can be called inbreeding and specified to average inbreeding then it for some reason is important to stress that it is the average.

Pair-coancestry and its relation to group-coancestry and inbreeding

The term pair-coancestry is used here for the average of all coancestry-values among different individuals excepting self-coancestry.  Using “Coancestry” for “average cross-coancestry” invites to misunderstandings. Group-coancestry can be said to have too causes: Self-coancestry and pair-coancestry.
The average cross coancestry for our simple example matrix is 2*0.25/6 = 0.0833.

The calculation of the matrix, with self-coancestry and pair-coancestry viewed as separate entities can be presented as:
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A population may be described by the following measures

· Group coancestry;

· Average inbreeding (or, equivalently, average self-coancestry);

· Average pair-coancestry.

If two of these are known for a population, the third can be derived. E.g. if inbreeding and pair-coancestry are known in, group coancestry can be calculated.

Using the following relationships, group coancestry and average pair-coancestry can be derived as a function of parameters for the current population can:
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where: 
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 = group coancestry; N = individuals; 
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= average pair-coancestry; 
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The link between generations

Group coancestry changes at generation shifts can be derived retrospectively from a known pedigree linking to the founders.

Future group coancestry can be calculated with knowledge or assumptions about future pedigrees.

For other cases predictions may be made, but they are often far from trivial.

Note also that there may be doubt if assumptions are realistic (neutral selection, many genes with infinitesimal action etc.)

The link between the generations is the gametes. 

[image: image26.emf]How inbreeding and group coancestry developes in a breeding program
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Message: Group coancestry can often be 

regarded as a potential inbreeding which 

will be realised some generations later. 


Parents

Offspring

The gene pool of the offspring is identical to the gene pool of the successful gametes of the parents.

Consider a pair of genes, which may equivalently be regarded as in offspring zygotes or in parental successful gametes!

A pair of genes may be IBD as they are copies of the same gene in the parent population. This may happen if a parent has more than one offspring.
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A pair of genes may originate from homogenous genes of the same parental zygote in the parental generation, if that was inbred the considered genes may be IBD.


Gametes from the same parent get coancestry (1+Fparent)/2. Sibs sharing that parent (half-sibs) get coancestry (1+Fparent)/8
If the considered gene pair originates from different parents, the coancestry will be the coancestry between this parents, f in the figure below:


In a population of successful gametes forming the offspring of parents, IBD may occur by the following mechanisms:

1. The same gene is sampled twice from the offspring;

2. The genes are copies of the same parental gene;

3. The genes origin from homologous genes in the same inbred parent;

4. The genes origin from different, but related, parents.

Coancestry for families

The coancestry between family members as a function of the coancestry between the parents is useful to have as an aid in coancestry calculations (cf. Andersson et al 1973, Lindgren et al. 1996, Kang 2001), even if the formulas can be derived from the coancestry matrix as described below.

                  A                         A         B    C         D               A         B         A

                  E                                E                F                           E          F

    a) self-coancestry               b) different parents                    c) full-sibs

      (AA= 0.5(1+FA)                 (EF=0.25((AC+(AD+(BC+(BD)       (EF=0.25((AA+2(AB+(BB)

                  A                                      A          B                B           A          C

         E              F                        E             F                             E           F

   d) between self-sibs          e) self and outcross sibs             f) half-sibs

   (EF= (A,A= 0.5(1+FA)            (EF=0.5((AA+(AB)                    (EF=0.25((AA+(AC+(AB+(BC)                     

Gene diversity

Group coancestry is the probability that two genes in a population are IBD. Diversity means that things are different, gene diversity means that genes are different! Evidently 1-group coancestry is the probability that the genes are non-identical, thus diverse.
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 is a measure of gene diversity. Group coancestry is a measure of gene diversity lost compared to the reference population.

This way of thinking assumes all genes in individuals in the reference populations are unique (“tagged”). 

Group coancestry based measures are relative to a reference population. For forest tree breeding the wild forest often constitutes a good reference. The gene diversity of the wild forest is 1, and the group coancestry will give the share of gene diversity lost. 

If we monitor group coancestry in our tree improvement operations, we can say how much gene diversity has been lost compared to the wild forest.

GD is expected average heterozygosity.

Deriving coancestry and group coancestry from pedigree
An algorithm for calculation of coancestry

(cf Lindgren et al 1997).

Here one algorithm for deriving coancestry relationships from a pedigree is described. The algorithm uses an example with 13 individuals (numbered 1 to 13) related in different ways (see the Figure). 


The numbers in the figures are in colour, those in green are founders and those in red forms a group for which group coancestry is required. The example ends in a calculation of group coancestry. 

	Ind
	Parent A
	Parent B

	1
	.
	.

	2
	.
	.

	3
	.
	.

	4
	.
	.

	5
	1
	1

	6
	2
	3

	7
	2
	3

	8
	3
	4

	9
	.
	.

	10+
	5
	6

	11+
	7
	8

	12+
	8
	9

	13+
	9
	.


First a table is constructed with the 13 individuals included in the pedigree (se to the right). The table give the parents for each individual. It is indicated with a point when parents are unknown and assumed not related to each other. Individuals must always be defined as individuals in the table before they occur as parents. The coancestry matrix is derived using the information in the table.
Filling the coancestry matrix
The objective is to fill a 13*13 coancestry matrix (thus the coancestry of all pair of the 13 individuals from the table) using the tabulated pedigree information. This can be done step by step using the already filled part of the matrix with the following procedure:

· Start with the diagonal element (at first time that is cell 1,1);

· Fill rows from left to right;

· Proceed leftwards to the end of the row;

· As the matrix is symmetrical, the missing column values below the diagonal in the column corresponding to the row can be filled as the filling of the row progresses;

· Start with next diagonal

The matrix below has been filled to element (6,6). Individual 6 which has parents 2 and 3, individual 8 parents 3 and 4. The table demonstrates how elements (6,6) and (6,8) are filled.

	Ind
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	11+
	12+
	13+

	1
	0.5
	0
	0
	0
	0.5
	0
	0
	0
	0
	0.25
	0
	0
	0

	2
	0
	0.5
	0
	0
	0
	0.25
	0.25
	0
	0
	0.125
	0.125
	0
	0

	3
	0
	0
	0.5
	0
	0
	0.25
	0.25
	0.25
	0
	0.125
	0.25
	0.125
	0

	4
	0
	0
	0
	0.5
	0
	0
	0
	0.25
	0
	0
	0.125
	0.125
	0

	5
	0.5
	0
	0
	0
	0.75
	0
	0
	0
	0
	0.375
	0
	0
	0

	
6
	0
	0.25
	0.25
	0
	0
	0.5
	0.25
	0.125
	
	
	
	
	

	7
	0
	0.25
	0.25
	0
	0
	
	
	
	
	
	
	
	

	8
	0
	0
	0.25
	0.25
	0
	
	
	
	
	
	
	
	

	9+
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	

	10+
	0.25
	0.125
	0.125
	0
	0.375
	
	
	
	
	
	
	
	

	11+
	0
	0.125
	0.25
	0.125
	0
	
	
	
	
	
	
	
	

	12+
	0
	0
	0.125
	0.125
	0
	
	
	
	
	
	
	
	

	13+
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	


When the coancestry matrix is completely filled is looks as below:

	Ind
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10+
	11+
	12+
	13+

	1
	0.5
	0
	0
	0
	0.5
	0
	0
	0
	0
	0.25
	0
	0
	0

	2
	0
	0.5
	0
	0
	0
	0.25
	0.25
	0
	0
	0.125
	0.125
	0
	0

	3
	0
	0
	0.5
	0
	0
	0.25
	0.25
	0.25
	0
	0.125
	0.25
	0.125
	0

	4
	0
	0
	0
	0.5
	0
	0
	0
	0.25
	0
	0
	0.125
	0.125
	0

	5
	0.5
	0
	0
	0
	0.75
	0
	0
	0
	0
	0.375
	0
	0
	0

	6
	0
	0.25
	0.25
	0
	0
	0.5
	0.25
	0.125
	0
	0.25
	0.188
	0.063
	0

	7
	0
	0.25
	0.25
	0
	0
	0.25
	0.5
	0.125
	0
	0.125
	0.313
	0.063
	0

	8
	0
	0
	0.25
	0.25
	0
	0.125
	0.125
	0.5
	0
	0.063
	0.313
	0.25
	0

	9
	0
	0
	0
	0
	0
	0
	0
	0
	0.5
	0
	0
	0.25
	0.25

	10+
	0.25
	0.125
	0.125
	0
	0.375
	0.25
	0.125
	0.063
	0
	0.5
	0.094
	0.031
	0

	11+
	0
	0.125
	0.25
	0.125
	0
	0.188
	0.313
	0.313
	0
	0.094
	0.563
	0.156
	0

	12+
	0
	0
	0.125
	0.125
	0
	0.063
	0.063
	0.25
	0.25
	0.031
	0.156
	0.5
	0.125

	13+
	0
	0
	0
	0
	0
	0
	0
	0
	0.25
	0
	0
	0.125
	0.5


Group coancestry was requested for 10-13. The red population get the red coancestry values, the group coancestry for the population 10-13 is the average of the red values (= 2.875/16=0.1797).
Status number

Status number is the half the inverse of group coancestry;
Or, equivalently:

Status number is half the inverse of the probability that two genes drawn at random are IBD.


An attractive property of the status number is that it is the same as the census number for a population of unrelated, non-inbred individuals. The status number says that the probability to draw two genes IBD is the same as if it were so many unrelated non-inbred individuals contributing to the gene pool. Status number is an effective number. It relates a real population to an ideal population. The ideal population consists of unrelated, non-inbred trees with the same probability of IBD. 
Therefore it is justified to regard status number as an effective number. 

Status number is an intuitively appealing way of presenting group coancestry, as it connects to the familiar concept of number (population size).

The ratio of the status number and the census number is sometimes useful, thus Nr=Ns/N is called the relative status number and expresses the share of the census number which can be regarded as effective.

Gene diversity can be seen as a function of status number, the term -1/2N is familiar to geneticists as a description of the increase of inbreeding.
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Families

Group coancestry and status number are derived as a function of family size for different types of families in the following table (cf Lindgren et al 1996?).

	Group coancestry and status number for families without inbreeding of size n

	Half sibs
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	Full sibs
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	Self sibs
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Examples of decrease of status number or gene diversity over time in breeding programs

The usefulness of the concepts status number gene diversity was studied by a demonstration what may happen with them in a breeding program. Multigenerational breeding was generated by the stochastic tree breeding simulator POPSIM. Breeding Population was set to 100. Four controlled crossings were made for each member of the breeding population. The family size was set to 40. The next generation was recruited from the previous by phenotypic selection. The initial heritability was 0.2. (Lindgren et al 1997). The breeding program was simulated for 10 generations.  The figure shows the development of status number. 

The same data looks less dramatic if presented as Gene Diversity. The figure shows the same simulations, but on the Y-axis is gene diversity instead of status number. Gene diversity may be a better representation than status number for long term breeding

The figure to the right demonstrates the change of status number over generations. Different mating systems are used for a breeding population of size 50. No selection is performed. The mating system matters over generations, even if status number at generation shifts only is influenced by the number of offspring per parent. Intentional inbreeding is a way to conserve gene diversity. Equal offspring size is a way to delay the loss of gene diversity. 


Properties of status number
Status number (NS) has a number of features, which may be of interest. Some are listed below:

· NS can never be higher than the census number (N);

· NS can never be lower than 0.5 (NS of a gamete);

· NS considers relatedness and inbreeding;

· NS may be derived for any hypothetical population (with known relatedness patterns to a known source population). It is irrelevant if "population members" belong to the same generation or the same “subpopulation”;

· NS cannot exceed the minimum N in any of the preceding generations, if all ancestors are confined to a range of discrete generations;

· NS does not care about the gender of the population members;

· NS after a generation shift depends only on the number of offspring for each parent; 

· NS is independent on the mating patterns of the parents it is derived from;

· NS describes a gene pool, not how it is organised;
· NS usually declines at generation shifts, but it can rise if the initial genomes may get a more equal representation after a generation shift than before

· NS gives an idea of the capacity of the population to contain rare alleles; it is approximately the same as in N non-inbred and non-related individuals.

Mating patterns matters for development of NS in later generations, and they are constraining for possible values of NS, thus they are a relevant matter, even if not formally.
NS is closely associated to inbreeding, but the associations become cleared with the concept group coancestry, they are better developed in connection to that concept.

NS can be calculated for any population with a known pedigree linking it to founders with a known coancestry and inbreeding (similar to inbreeding calculations).  Algorithms are in Lindgren et al (1997). Gea et al. (1996) constructed a program, which is available at TBT. The changes of the status number over generations may be predicted as a function of breeding strategy and tactics, but sometimes there are some complications in this.

Group coancestry usually precedes inbreeding, as is demonstrated in the figure to the right. The figures show how group coancestry and inbreeding develop in a simulated breeding program.

Status number and group coancestry measure gene dispersion!

Cockerham (1969) concluded that the variance of the gene frequency (that’s the mean of the occurrence of a gene) is 



,

this formula can equivalently be expressed



.

This is recognized as the binomial expression of the variance for the gene frequency in a population with NS non-inbred non-related members! Thus status number has evidently similarities to effective numbers connected to the variance of gene frequencies!

Status number is the size of unrelated non inbred trees sampled from the reference population, which have the same drift as the accumulated drift of the population under study (compared to the reference population). 


 Effective number
An effective number is an effort to characterise a complicated system by the number of individuals in a simpler and more ideal system, which would have the same characteristic value or behaviour from some important respect.

Effective population size in the inbreeding or variance sense

To understand how these concepts are usually used in genetics one has to understand that they compare changes to the changes in an "ideal population". (Caballero, 1994 p 658 from Fisher 1930) 

“An idealized population consists of infinite, randomly mated base populations subdivided into infinitely many subpopulations, each with a constant number, N, of breeding individuals per generation. In each subpopulation, parents produce an infinite number of male and female gametes into a large pool from which only 2N are sampled and united to produce the N zygotes of the following generation...Both the sampling of the gametes and their union (including self-fertilization) are random, so that all parents have an equal chance of producing offspring.... Generations do not overlap.”

(Some less important omissions ha been done to make the definition to flow better.)

Based on this “The effective size of a population is defined as the size of an idealized population which would give rise to the variance of change in gene frequency or the rate of inbreeding observed in the actual population under consideration”

Thus, effective population size says how a studied population develops over generations compared to the development of the ideal population. Note that the number is not associated to any particular generation.

Usually two variants of effective population sizes are recognised, the inbreeding sense and the variance sense (there are more).

The classical effective population size is the size of an ideal population, which accumulates inbreeding or widen variance at the same rate as the ideal population. The status number does not do that. The status number measures a state, the classical effective population size measure a rate.

The status number and the "traditional" effective population size are sometimes similar when studied after respectively over the first generation turn over, in particular when large progenies are considered. An analogy: Distance and a speed may appear the same, if studied over a unit time from a common starting point. 

E.g. many results concerning diversity from Lindgren and Wei (e.g. Wei 1995) and others can be considered as status number results even if the authors have used different variants of effective numbers or diversity. But then families are not infinite but limited there is no equivalence. 

Currently I believe effective population size in the inbreeding sense is a concept we have better to forget about in forest tree improvement, it is much better just to try to predict the inbreeding than stray around in never needed  - but complex - calculations of an abstract and often misleading entity.

I have easier to see the need of, and to accept some intuitively odd characteristics for the effective population size in the variance sense. There may be a need for such calculations, and status number may be viewed as a complement.

If calculations concern a full cycle in breeding, where breeding goes from a stage to another, and it is assumed that there is no inbreeding and no coancestry at the start, the changes over the cycle by status number is for typical cases probably the similar to the change expressed by the variance effective number, and there may be cases where it is also similar to the change expressed by the inbreeding effective number.

Status number, group coancestry and variance effective number

The concepts may (in an over-simplified world) be linked by the formula:
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Where NS  is status number; NV variance effective number and t generations

The relations between the entities can also be expressed:
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As the state of the initial founders matters, the formulas are more relevant for the development over generations that the absolute values.  

 

Different effective numbers for the same object

It may be of interest to see how different effective numbers compare for the same object, this has been done by Kjaer and Wellendorf (1998) for a Norway spruce seed orchard and its crop:

	Entity 
	Value

	Number of clones in seed orchard
	100

	Status number of the orchard clones
	100

	Variance effective population size
	236.7

	Inbreeding effective population size
	18.1

	Status number of the crop
	70.4


Note that the effective population size expresses changes between the 100 parental clones and their progeny, while the status number expresses the relationship between the orchard seeds and the base population with unrelated non inbred trees (the “wild forest”) the seed orchard clones were drawn from.

Interpretations of status number for seed orchards

Status number may interpreted:

Status number is the number of clones drawn from the wild forest which has the same group coancestry and gene diversity as the seeds harvested in the orchard.

Inbreeding interpretation:
Status number is the number of clones drawn from the wild forest which following random mating would produce as much inbreeding as expected in the seed crop of the forest created with the seed orchard crop.

Drift interpretation:

Status number is the number of clones drawn from the wild forest, which has the same expected drift in gene frequencies as the seeds harvested in the orchard.

Note that the variance effective population size is a measure of the drift between a seed orchard and its seed.

Group coancestry and Wright's F-statistics

What is called FIS is an expression for the difference between inbreeding and pair-coancestry. If there is Hardy-Weinberg equilibrium, they should be equal (the same chance of IBD if the genes are in the same as in different individuals). The relation between FIS and ( have been formulated as follows:


[image: image19.wmf]N

F

N

F

F

F

IS

/

)

1

(

5

.

0

1

/

)

1

(

5

.

0

-

-

Q

-

-

+

Q

-

==


Forest Tree Breeding and Status Number

The status number concept is more useful to forest tree breeders than to most other breeders or geneticists. Forest tree breeding is characterised by some special features like:

· Still very close to the founders;

· Close to the "wild forest";

· Close to the source population (often the “natural” forest), which is a natural reference for evaluation of possible changes caused by the breeding effort;

· Deal with few generations;

· Changing strategy between generations;

· Structuring populations in sublines or tiers;

· "Own" and control the breeding stock.

Training exercises on chapter on the foundations of quantitative genetics:

Calculate the status number for the following situations:

· Two non-inbred trees which are mother and child

· Two unrelated trees of which one is non-inbred and the other origins from selfing

· A population consisting of one tree from the cross A*B, two trees from the cross A*C and one tree which originates from selfing of C

· A population consisting of one tree as well as its wind-pollinated progeny of size n 

Exercise on calculation of group coancestry:

As a training exercise: calculate group coancestry for the following situations:

Two unrelated non-inbred trees;

Two non-inbred full sibs ((=0.25);

Two unrelated trees obtained by selfing (F=0.5);

Two very large families of equal size with the same mother but two different fathers;

The answers can be found on TBT 

Some tasks for interested (=clever) people,

3.1 Develop the group coancestry and status number as a function of family size for a full sib family where the parents are unrelated, one parent is from a selfed progeny and the other parent has unrelated parents, start with a grandparents-grandchild figure.

3.2 Develop the group coancestry as a function of family size of a full sib family where parent P has F=0.1 and parent Q has F=0.2 and fPQ=0.1.

Webplaces of special interest for this chapter

To show how a coancestry matrix looks like in a worksheet:
http://www.genfys.slu.se/staff/dagl/Breed_Home_Page/Tutorials/COANCESTRY_MATRIX.xls
Solutions to the tasks may be found at

http://www.genfys.slu.se/staff/dagl/Breed_Home_Page/Tutorials/Examples/Example_Menu.htm
Specific literature

References and other literature can be found in the chapter....
Some references of special interest for this chapter are

Lindgren D & Kang KS. 1997.  Status number - a useful tool for tree breeding Research Report of the Forest Genetic Research Institute of Korea 33:154-165. This is the last article in the last volume of the series, and thus in a way the last word in the history of Forest Genetic Research Institute of Korea before it was merged with the other sectors of forest research into Koran Forest Research Institute.  http://www.genfys.slu.se/staff/dagl/Papers/ArticlesBefore2000/Status_Number_reveiw_97.html
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� EMBED Equation.3  ���
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The off diagonal


the average of coancestry with 6 and the parents to eight (3 and 4) 


(6,8)=0.5[(6,3)+(6,4)]=0.5[0.25+0]=0.125


The average of the parents to 7’s coancestry with 6.
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The diagonal (6,6)=0.5+(3,2)=0.5+0


Average of 0.5 and coancestry for parents 2 and 3.
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�PAGE \# "'Page: '#'�'"  �� This section occurs also in the seed orchard chapter, at some point in time I probably remove the copy from Basics and have it only in seed orchard diversity
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