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Gametic Gene Flow Method Accounts for
Genomic Imprinting

Vinzent Borner & Norbert Reinsch *

Introduction The economic success of commercial breeding programmes depends heav-
ily on the transfer of genes of selected breeding animals to the production stage where
traits of interest are realised. Until the 1980’s it was a paradigm that the expression of
genes in offspring is independent of parent-of-origin. First indications that this is not the
case arose from transgenic mouse experiments (Sapienza et al., 1987). A process called
genomic imprinting was found to be responsible for a total or partial silencing of gene ex-
pression through DNA methylation during gametogenesis. The DNA methylation during
gametogenesis depends on the parental sex and is reversible only during gametogenesis
in offspring. First indications about the possible role of genomic imprinting in livestock
came from variance component estimations in pigs describing significant parts of the phe-
notypic variance as induced by imprinted loci. Beside these quantitative approaches,
quantitative trait loci (QTL) and genes coding for traits of economic relevance have been
found to be influenced by genomic imprinting. According to these findings, it is may be
necessary to account for genomic imprinting in defining the breeding goal and in genetic
evaluation. A flexible and general approach might be the simultaneous calculation of
two breeding values for a single animal by an extended BLUP-model (Reinsch & Guiard,
2005; Neugebauer et al., 2009), whereby one reflects the breeding value of the animal as
a dam and the other of the animal as a sire. However, for calculating a total merit index

out of these two breeding values, economic weights for both are a necessary prerequisite.

The aim of our work was to derive relative economic weights for both breeding values of
a genomic imprinting affected trait. For this purpose, the gene flow method (Hill, 1974)

was extended to a gametic level and applied to a hypothetical pig breeding programme.

*Norbert Reinsch, Research Institute for the Biology of Farm Animals (FBN), Wilhelm-Stahl-Allee 2,
18196 Dummerstorf, Germany, email: reinsch@fbn-dummerstorf.de, phone: +49 38208 68900, fax:
+49 38208 68902
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Figure 1: dividing a population

Additionally, it is demonstrated that this approach is also useful for modelling the loss of

heterozygosity by a single round of selection in populations with overlapping generations.

Methods A breeding population can be divided into classes (C') of animals. The main
characteristics of these classes are sex (s), use (u), age (a) and the parent-of-origin of the
genes forming the individuals g (Cyyqg, see Figure 1, g = 1 for male and 2 for female origin).
As only one round of selection and the following spread of genes of the selected animals
within the population over time is considered, the selected individuals are called founders
(ﬁ) To specify, from which Cy,, the founders are being selected, the abbreviation is
extended to ﬁsua. Every ﬁsua is the origin of one or many selection paths xy, where x is
the selected group (ﬁsua itself) and y is the target group (e.g. boars to sows, z=boars,
y=sows). If a fsua founds a certain xy, it is denoted as fsuamy. Every fsuaw can consist

of one or many individuals selected from the same Cj,,.

According to the gene flow method (Hill, 1974), a transmission matrix P* can be derived
on the gametic level. P* consist of reproduction rows and is a Markov chain transmission
matrix. The values within the reproduction rows represent the transmission probabilities
of the genome of the Uy, and Cyuee of already existing Cl,,’s to the Cyue1 and Cyyeo
of a new born Cy,,. All rows of P* must sum up to one. The matrices Q* and E’;y are
derivatives of the matrix P*, containing only ageing rows or the reproduction row of the

selection path zy.

A vector n;yo is set up containing only zeros except a one at each of both Cy,,1 and Cyyeo
positions of the Cy,, from which the founders were selected. The vector m;yo is a null
vector, and My, reflects the proportion of the genome of the ﬁsmw on the genome of

the Cyyaq’s after ¢ time units due to the selection path zy. m;yt vectors are calculated as
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follows:

N, = Q" xmng, (1)
My, = LB, xng, —+P xmg, . (2)
For calculating the trait realisation at time ¢, two vectors 1y, are used, one for the genome
on the paternally inherited gametes and one for the genome one the maternally inherited
gametes. The vector r; for calculating the weighted sum of genome proportions of ﬁsuazy
in the Cy,,1’s contains zeros at the positions where the m;yt vectors contain the values of
the Cyuq2’s. The same applies to 72 being used to calculate the weighted sum of genome
proportions of ﬁsuazy in the Cy,42’s. It contains zeros at positions where the mj;yt vectors

contain the values of the Cly,,1’s.
The realisation Ry, of the trait k at a certain time point ¢ due to the genome proportions
of f’suazy being inherited by a dam or a sire from ¢ — 1 to ¢ is calculated as:

TYLktg = m;‘yt X Tkg' (3>

The genetic net present value gy, —as with interest rate p capitalised R, values is

derived by the formula
tmaz 1
Izy, — Zto Ray,,, % tp)t” (4)

where t,,, is the planning horizon and p is the interest rate. These gxykg’s are the
weighting coefficients for the breeding values of trait k£ of the individuals as a sire and a
dam. They are necessary to calculate a combined breeding value for trait k. The sum
of these guy, s is the correction factor for the economic weight of trait & in the selection

index.

Inbreeding As the cumulated genome proportions of a group of founder individuals fsua
in the Cyyqy’s due to calculation of m}, vectors are known, a vector Aﬂﬁsua representing
the average increase of inbreeding coefficients of every Cy,, at time unit ¢ can be calculated.
The values of AFtﬁm reflect the increase in inbreeding at time point ¢ due to the selection
of a certain Fj,,. If all individuals within a certain group of founders Fj,, are not related,
are not inbreed and have the same chance of reproduction, AFtﬁsua is calculated by
AF,. = m}, -m} X3 X— (5)

Fsua Tty ) 2 Fsua ’

where m;tl is a vector containing only the C,,; values and m;‘% is a vector containing

only the Cy,q2 values of the m}, vector in time unit ¢. Thus, the dimension of m;tl and

*

my, is half the dimension of the mg, vector. N —is the number of individuals of the



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

04

95

96

97

98

99

Selection on car-

i . @ breeding use time
cass and fertility trait

A4

breeding sow: @ age at maturity

breeding boar 8
fattening pi
Y
realisation of carcass trait }« ..... realisation of fertility trait

Figure 2: the breeding scheme

production sow:

ﬁsua. Note that m;tl . m;tQ is the Hadamard product of the mentioned vectors. For a

more general derivation see Borner & Reinsch (2009).

Application to a Breeding Programme We considered a hypothetical pig breeding
programme of the structure given in Figure 2. The survival rate of boars and sows after
maturity is 75 %. The traits of interest are litter size and backfat thickness. The realisation
of litter size occurs in females at breeding (10 %) and production stage (90 %), whereas
backfat thickness is realised only by fattening animals. The length of the planning horizon
is either 5, 10, 15 and 30 time units. The interest rate is 5% per year and, therefore,

roughly 2.5 % per time unit.

Results Figures 3(a) and 3(b) illustrate the trait realisation values R,,, due to the

Tktg
cumulated sire derived selection paths subject to trait and planning horizon. As expected
from the breeding scheme and, therefore, possible gene flow, the fluctuations of R,
values within the first 10 time units are enormous. In later time units the proportions of

the founder group genome inherited by a sire or a dam are equal for every Cl,,.

Figures 4(a) and 4(b) show plots of the g,, ’s of backfat thickness for the cumulated sire
derived selection paths and cumulated breeding dam derived selection paths. The founder
genome proportions in the male gamete class are more important for both because they
arrive earlier at trait realising animals. The maternally inherited founder genome arrives
at trait realising animals with a certain time lag. This creates a sustained difference in
genetic net present values even if the planning horizon is unlimited (results not shown).
As the g,,,’s increase asymptotically in time, the difference between both can be regarded
as fixed if the planning horizon is long enough. Considering backfat thickness, this fixed
difference between the g,,, and the g,,, is about 20 % for both cumulated selection paths.

Comparing cumulated selection paths, asymptotical genetic net present values of backfat
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thickness due to cumulated breeding dam derived selection paths are always lower than
due to the cumulated sire derived selection paths. This is explained by specificities of the

breeding programme (a breeding dam is not producing fattening pigs).
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Figure 5: Inbreeding coefficient subject to planning horizon for new born boars due to
different primary selected animals.

Figures 5(a) and 5(b) illustrate the development of the inbreeding coefficient of new born
boars due to founding boars and founding breeding sows when only one animal was initially
selected. The inbreeding reaches a maximum in time unit eight and then is stabilised at
roughly 1%. The long term increase of the inbreeding coefficient induced by selecting
founding boars is equal to the increase induced by selecting founding breeding sows. The
short-term increase within the first 10 time units often exceeds the long term increase
considerably. The peak caused by founding boars exceeds the long term increase by more
than 100 %, whereas the peak caused by founding breeding sows exceeds the long term

increase by about 20 %.

Discussion The results from our hypothetical breeding scheme clarify that the breeding
values of an individual as a sire or a dam can not always be equally weighted. In complex
nucleus breeding schemes the gene flow of primary selected animals to trait realising
Csua’s depends heavily on the special construction of the scheme. The complexity of
such breeding schemes can lead to counter-intuitive results. This is exemplified by our
hypothetical breeding scheme. The breeding values of the breeding dams as sires should

be weighted higher than their breeding values as dams. Additionally, sires selected in the
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nucleus are used for producing trait realising Cy,,’s and its female precursors. Due to this
construction, the males have breeding values as a sire and a dam which are not realised at
the same time. As almost every breeding scheme has its own specificities, computations

are necessary to derive the exact values of realisation for both breeding values.

As now the probability that a Cj,, receives the same genes from its sire and dam is
calculable, fluctuations of inbreeding coefficients can be modelled for every CY,, and the
whole planning horizon. The results of our calculations show clearly that increase of
the inbreeding coefficients of special combinations of Cy,,’s and time unit can exceed its
average increase by far. Thus, a possible inbreeding depression might decrease the real

trait realisation especially in early time units.

In conclusion, relative weighting factors for parent-specific additive genetic effects can
be derived appropriately with a gametic version of the discounted gene flow method.
Moreover, gametic gene flow may also be useful for predicting short-term fluctuations of

inbreeding coefficients.
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