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ABSTRACT
The aim of this study was to predict individual age of admixture in the crossbred Swiss fleckvieh population. We 

checked how well the method is dealing with recent admixture with high throughput single nucleotide polymorphism 
data from the bovine 50K SnP Chip. A total of 101 red holstein, 91 Simmental, and 308 crossed animals were available 
for analysis. Age of admixture was derived from the complete pedigree and molecular markers. The method applied (us-
ing SABEr software) based on markov-hidden markov model was able to derive age of admixture similar to estimates 
of pedigree data, however the values were often overestimated. Of 21 investigated cases, results from SnP data reflected 
paternal and maternal age of admixture well for 9 cases but provided results out of range for the other 12 cases. Alterna-
tive methods based on breed-specific haplotype blocks need to be evaluated in the future. 
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1 InTRoduCTIon
Age of admixture is of big interest in population his-

tory reconstruction, in genome wide association studies 
and admixture mapping. There are many ways of using 
information about population structure in the field of ge-
nome wide association studies. 

freeman et al. (2006) used x Chromosome 
haplotype mosaicism to estimate age of admixture. They 
took closely linked x chromosome microsatellites in 
cattle populations with differing histories of admixture 
from Africa, Europe, the near East, and India. They ge-
notyped male animals from these populations, obtaining 
unambiguous haplotypes, and measured levels of linkage 
disequilibrium (LD) and ancestral mosaicism. Extensive 
LD, likely to be the result of ongoing admixture, was dis-
covered in hybrid cattle populations from the perimeter 
of the tsetse zone in West Africa. A Bayesian method to 

assign microsatellite allele ancestry was used to designate 
the likely origin of each chromosomal segment and asse-
ss the relative ages of admixture in the populations. A 
gradient of the age of admixture in the African continent 
emerged, where older admixture has produced more 
fragmented haplotypes in the south, and longer intact 
haplotypes, indicating more recent hybridization, feature 
in the northwest. Age of admixture derived from a very 
large high throughput number of markers of the autoso-
mal part of genome potentially can provide more precise 
values when admixture happened.

tang et al. (2007) used a markov-hidden markov 
model (mhmm) which accounts for background link-
age disequilibrium (LD) in ancestral populations. Their 
model estimates allele frequencies in ancestral popula-
tions based on pure individuals and then uses that in-
formation to estimate population origin at each marker 
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for each admixed individual. In addition, it relies on re-
combination rate between ancestral haplotypes or distri-
bution of haplotype lengths within one individual. With 
this model they assesed age of admixture for different 
simulated data sets; from 10 to 25 generations since ad-
mixture.

Swiss fleckvieh is a good example for such studies 
because of pedigree for all studied animals is available 
and it is therefore possible to derive age of admixture 
from pedigrees. The main aim of this study was to ana-
lyse efficiency of assessing age of admixture using SABEr 
software with high throughput single nucleotide poly-
morphism (SnP) data of Swiss fleckvieh cattle popula-
tion. Pedigree derived age of admixture was compared 
with SnP derived age of admixture. 

2 MATeRIAl And MeThodS

Swiss fleckvieh was established about 40 years ago 
from crossing of a large part of the local Simmental breed 
with red holstein friesian cattle for improved milk pro-
duction. Illumina Bovine SnP50 Beadchip (Illumina, 
2009) data for 500 animals, 101 pure red holstein frie-
sian, 91 Simmental and 308 crosses with a wide range of 
pedigree based levels of admixture were available. Age 
of admixture trough the pedigree was assessed for 21 
crossed animals with wide range of crossing. Quality con-
trol for SnP data was performed with PLInK (Purcell et 
al., 2007), excluding markers with a call rate below 0.90. 
StruCturE software (Pritchard et al., 2000; falush et 
al., 2003) was run on SnPs from all autosomes assuming 
that breeds are separated with two ancestral populations 
(frkonja et al., 2012). Individual admixture proportions 

ID PedAP molAP τ pedp τ pedm τ molp τ molm
ID13 0.02 0.13 0.00 5.00 0.00 0.00
ID14 0.05 0.05 0.00 5.00 2.83 0.13
ID15 0.10 0.08 0.00 4.00 2.02 0.16
ID16 0.19 0.40 0.00 4.00 1.57 1.05
ID17 0.25 0.38 0.00 1.00 3.98 2.35
ID8 0.45 0.52 0.00 4.60 3.85 3.97
ID1 0.47 0.47 2.50 1.50 5.82 5.94
ID7 0.47 0.54 4.30 4.00 6.68 6.51
ID18 0.50 0.50 0.00 0.00 10.24 10.24
ID2 0.50 0.50 4.38 4.60 4.76 4.76
ID3 0.50 0.50 1.50 1.50 5.17 5.17
ID4 0.55 0.51 0.00 3.00 4.76 4.77
ID5 0.55 0.52 0.00 0.00 3.97 4.06
ID6 0.50 0.58 2.50 2.50 5.95 5.72
ID19 0.66 0.73 2.50 3.33 4.18 4.69
ID20 0.65 0.63 6.00 5.00 4.85 4.91
ID21 0.66 0.75 6.00 5.14 3.31 4.58
ID9 0.54 0.62 0.00 3.83 5.94 5.62
ID10 0.97 1.00 0.00 6.25 0.18 4.96
ID11 0.98 1.00 0.00 7.33 0.06 4.92
ID12 0.97 1.00 0.00 4.00 0.15 4.92

Table 1: Approximate time of admixture derived out of pedigree and SNP data shown with admixture proportion of 21 Swiss Fleckh-
vieh cattle calculated from pedigree and molecular information

ID – Identification number of animal; molAP – molecular admixture proportion calculated with (Q membership) StruCturE software; PedAP 
– admixture proportion calculated with pedigree; τ pedp – Estimated age of admixture from pedigree for paternal side; τ pedm – Estimated age of 
admixture from pedigree for maternal side; τ molp – Estimated age of admixture from SnP data for paternal side, calculated with assumption that 
admixture happened 5 generations ago; τ molm – Estimated age of admixture from SnP data for maternal side, calculated with assumption that 
admixture happened 5 generations ago
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derived from StruCturE were then used as input data 
for SABEr (tang et al., 2007). The method takes a single 
admixed individual, and estimates, over all chromoso-
mes, the parameters describing the admixture times of an 
individual, given ancestral population allele frequencies 
and other information. The program was repeatedly run 
for every individual assuming that admixture happened 
from 1 to 12 generations ago (i.e., input parameters were 
set from 1 to 12 for each side of pedigree separately). 

In Swiss fleckvieh admixture events frequently hap-
pened more than once and admixture on both parental 
chromosomes does not have to be equal. In order to com-
pare SnP based results with pedigree, pedigree derived 
age of admixture needed to be calculated. Age of admix-
ture was derived from the paternal and maternal sides of 
the pedigree separately. for this we counted the number 
of generations back to each admixture event, defined as a 
mating involving at least one purebred animal, excluding 
the mating of two animals of the same breed, and aver-
aged these numbers for all events (fig. 1).

3 ReSulTS And dISCuSSIon

Age of admixture derived from molecular data with 
software SABEr obtained with initial values (admixture 

assumed to have happened five generations ago) is shown 
in table 1. Of 21 investigated cases, results from SnP data 
reflected paternal and maternal age of admixture well for 
9 cases but provided results out of range for the other 
12 cases. f1 animals were sometimes not recognized by 
SABEr and were assigned as older crosses. from further 
analysis with reduced number of animals in the set we 
conclude that the method is sensitive to number of pure-
bred animals included in calculation of age of admixture.

Conditional on model parameters, SABEr models 
the ancestral states along the paternal and the maternal 
chromosomes as two independent and identical markov 
processes. The paternal side of the genealogy and the 
maternal side of the genealogy may have different levels 
of admixture, and, therefore, the two processes are not 
necessarily identical. The assumption that matings are 
random with respect to ancestry is often violated. If ani-
mals have big admixture proportion of one breed (e.g. 
0.88) we assume that from one parental side the animal 
will inherit long intact haplotypes of one breed and from 
the other parental side haplotypes will be shorter. Over-
estimation was observed with decreasing number of pure 
animals in the “training” set, using 30 or 10 pure animals 
each instead of the ~100 available for each breed. With 
increased admixture proportion impact of distance and 
big τ (τ is inverse of chromosome length and can be in-
terpreted as time since admixture happened in genera-
tions if admixture happened once) will be smaller. Since 
in our case admixture often happened more than once τ 
is not the best value to represent all the events. 

In table 2 three animals with different proportions 
of admixture and different age of admixture are pre-
sented. In fig. 1 corresponding pedigrees are presented. 
from the different initial values we can obtain sensitivity 
of the method to the different values. for the 50:50 cross 
we can see that the algorithm is heavily overestimating 
τ. The algorithm was not able to detect (in most cases) 
when admixture happened on one side of pedigree. It es-
timated quite well with a bit of overestimation the time 
since admixture for other side of the pedigree. Pugach 
et al. (2011) described a principal component analysis-
based genome scan approach to analyze genome-wide 
and local admixture structure, and introduced wavelet 
transform analysis as a method for estimating the time of 
admixture. As this method assumes a single event of ad-
mixture, we do not feel that this approach would add ac-
curacy in our case of multiple admixture events. A solu-
tion to overcome these obstacles would be development 
of a more sensitive model which could deal with more 
than one event of admixture. 

ID ID16 ID3 ID21
PedAP 0.19 0.50 0.66
molAP 0.40 0.50 0.75

P m P m P m
τ ped 0.00 4.00 2.00 2.00 6.00 5.14
τ mol 

1 1.70 1.30 7.90 7.90 3.10 4.20
2 1.47 1.70 7.90 7.90 3.20 4.20
3 0.00 0.30 5.20 5.20 3.20 4.20
4 1.40 2.00 7.90 7.90 3.20 3.70
5 1.10 1.60 5.20 5.20 4.60 3.30
6 1.00 2.10 5.20 5.20 5.60 3.20
7 1.20 4.10 7.90 7.90 6.60 3.40
12 0.00 6.80 5.20 5.20 9.50 3.00

Table 2: Sensitivity of the method to different assumed initial 
values (present in numbers in table from 1 to 12, same assump-
tion for both parental sides) of age of admixture shown with 
proportion of Red Holstein and Simmental calculated with SNP 
data and pedigree admixture proportion for three animals

molAP – molecular admixture proportion calculated with StruC-
turE software; PedAP – admixture proportion calculated with pedi-
gree; τ ped – Estimated age of admixture from pedigree; τ mol – Es-
timated age of admixture from SnP data; P – paternal; m – maternal
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Figure 1: Genealogical information of admixture for animals who's ages of admixture are present in Table 2 (numbers presented are 
contribution of Red Holstein Friesian). PS – age of admixture from paternal side derived from pedigree; MS – age of admixture from maternal 
side derived from pedigree.
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