C1139 Social Insects. Kin Structure & Relatedness. Lecture 8

Kin structure and relatedness

Aims

1. To show how to determine regression relatedness among individuals using a pedigree diagram.

2. To show how to determine relatedness among offspring females in colonies headed by a queen mated to more than one male, or by several queens.

Objectives

1. To learn the methodology covered in lecture.

Determining regression relatedness from a pedigree diagram

You should learn certain degrees of relatedness by heart. For example, the regression relatedness between full sisters is 0.75 and between half sisters is 0.25. Mother to daughter is 0.5. But it is not possible to learn all possible relatedness values. For example, to your great-grandmother’s aunt. Fortunately, these can all be calculated quite easily from the pedigree diagram below. (We will only consider cases where outbreeding occurs.) The method is based on the four following degrees of regression relatedness, from which all others can be calculated. The arrow goes from donor to recipient. When the arrow connects a male with a female the numbers at the two ends are different, so be careful you know which "way" you are going. 

donor

recipient


regression relatedness
example (donor to recipient)

male

female (daughter, mother)

0.5

b to d, h to a

male

male (son, father)


0

male Hymenoptera have no father

female

female (daughter, mother)

0.5

a to d, d to a

female

male (son, father)


1

a to h, d to b

relatedness between full sisters (e.g., d to e)

(d to a, 0.5) x (a to e, 0.5) + (d to b, 1) x (b to e, 0.5) = 0.75

note: these two individuals are connected via both mother and father

relatedness between half sisters (e.g., d to f)

(d to a, 0.5) x (a to f, 0.5) = 0.25

note: these two individuals are connected only via the mother

relatedness of a worker to a full-sister worker's son (e.g., d to k)
(d to a, 0.5) x (a to e, 0.5) x (e to k, 1) + (d to b, 1) x (b to e, 0.5) x (e to k, 1)  = 0.75
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How multiple mating by queens or multiple queens per colony affects offspring female relatedness

Queen mated to more than one male

We know that full sisters are related by 0.75 and half sisters by 0.25. How can we determine the average relatedness among offspring females (workers, young queens) in a colony whose mother queen has mated with two or more males, and uses the sperm from the different males in different proportions? This is quite easy to do by assuming that the interactions within the colony are random with respect to kinship. For example, a worker is as likely to feed or interact with full sisters as half sisters. Work through the examples in the lecture slides some of which are also pasted into the handout below.
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The previous diagram enables us to calculate the relatedness among female offspring. It works in exactly the same way as the Punnet square used to calculate diploid genotype frequencies from gene frequencies. We assume that offspring interact at random. The four cells represent the four types of interaction possible.

Patriline 1 with Patriline 1 (a), 1 with 2 (c), 2 with 1 (b), 2 with 2 (d)

These have probabilities that depend on the proportion of offspring in each patriline. In this case each probability = 0.5 x 0.5 = 0.25. Each interaction has an associated relatedness. 0.75 for interactions between two full sisters (blue), and 0.25 for half sisters (white).  


From these we can determine the average level of relatedness.

= 0.75(0.25 + 0.25) + 0.25(0.25 + 0.25) = 0.5

(= RelFullSisters(Prob 1 with 1 + Prob 2 with 2) + RelHalfSisters(Prob 1 with 2 + Prob 2 with 1))
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