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ABSTRACT
In current study, we estimated local genetic ancestry for Swiss-Fleckvieh dairy cattle population using two alterna-

tive approaches implemented in LAMP and MULTIMIX software. Swiss-Fleckvieh is a composite descending from Sim-
mental and Red Holstein Friesian. Illumina BovineSNP50 Beadchip data for 485 animals were used. Genetic ancestries 
averaged across admixed animals indicated a high correlation of individual admixture at global levels (0.99), yet the 
correlation between genetic ancestries averaged across 7914 windows (5 SNPs each) was 0.55. The highest correlations 
of window-wise estimates were along chromosomes 2, 5, 12, 15, 21, 27 and 29 (≥0.80) and the lowest was −0.71 on chro-
mosome 24. Based on LAMP results, a region on chromosome 13 (46.3–46.7 Mb) and three adjacent regions on chro-
mosome 18 (18.8–19.2, 20.1–25.7 and 23.9–25.7 Mb) passed the threshold based on deviation from normal distribution 
of local ancestries assuming 1000 independent segments. Regarding MULTIMIX, another region on chromosome 22 
(9.3–10.3 Mb) was significant. Although estimates from both programs are comparable at the global levels, there was 
considerable difference at the local levels.
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1 INTRODUCTION

The study of population structure based on genetic 
ancestry is an important component of many genetic 
studies. Genetic ancestry is a broad concept that is con-
cerned with 1) defining the number of ancestral popu-
lations in admixed populations, 2) assigning ancestral 
population proportions to admixed individuals and 3) 
identifying the genetic ancestry of distinct chromosomal 
segments within an individual (Liu et al., 2013). Pro-
gressive advances in high-throughput single nucleotide 
polymorphism (SNP) genotyping in the recent decade 
provide a proper opportunity to calculate the ancestral 
origins of distinct chromosomal segments (termed local 

ancestry) as well as ancestry proportions averaged across 
the genome of an individual (termed global ancestry).

Local genetic ancestry estimates vary among loci 
along the genome of admixed individuals and therefore 
deviate from genome wide average ancestries. The most 
important sources of variation in local genetic ancestries 
are genetic drift and selection (Long, 1991). Genetic drift 
is a demographic process that influences on the local 
ancestry proportions along the whole genome, but se-
lection targets only specific gene regions (Oleksyk et al., 
2010; Tang et al., 2007). Recently admixed populations 
represent attractive biological models to study the ge-
nome response to adaptive selection. Indeed, during the 
admixture, the frequencies of the favorable variants are 
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expected to increase and the levels of the admixture in 
these regions deviate from the expected ancestry propor-
tions (Bhatia et al., 2014; Gautier and Naves, 2011). 

Moreover, local genetic ancestry estimates tend to 
be considered in mapping of genes associated with dis-
eases to remove the spurious associations due to admix-
ture (Chen et al., 2014; Kang et al., 2009; Seldin, 2007).

There are various software tools that have been de-
veloped to calculate the genetic ancestry in both global 
and local levels. In general, they rely either on multi-
variate statistical methods to like principal component 
analysis (PCA) and clustering algorithms, or explicit ge-
netic models to inference genetic ancestry. LAMP (Lo-
cal Ancestry in adMixed Populations) is a program that 
infers locus-specific ancestry in admixed populations 
using sliding windows of contiguous SNPs (Sankarara-
man et al., 2008). It does not require the genotype of an-
cestral populations as input. The prior knowledge is the 
allele frequencies in each ancestral population that can 
constitute an ancestry informative markers panel (AIMs) 
to calculate genetic ancestry. AIMs are the markers that 
represent a high difference in their frequencies. The idea 
of LAMP is to select a suitable window length and then 
a clustering algorithm is used to estimate the maximum 
likelihood to infer the ancestry within this window.

Likewise, MULTIMIX is another program to in-
fer local genetic ancestry (Churchhouse and Marchini, 
2013). It needs phased data as input to calculate hap-
lotypes. Differences in haplotype frequencies between 
populations are used to infer the origin of observed hap-
lotypes in admixed individuals. It calculates the genetic 

ancestry for a set of SNPs (window-wise). Levels of link-
age disequilibrium (LD) between a subset of SNPs within 
windows also need to be taken into account. This pro-
gram uses a Markov process to model switches between 
ancestries along the genome based on information on LD 
between SNPs.

In this study, we used LAMP and MULTIMIX to es-
timate local ancestry with different approaches in Swiss 
Fleckvieh cattle population. We further searched for se-
lections signatures happened after admixture by applying 
the thresholds suggested by Bhatia et al. (2014). 

2 MATERIALS AND METHODS

Swiss Fleckvieh is a composite breed of Simmental 
(SI) and Red Holstein Friesian (RHF) that was established 
over the last forty years in Switzerland with the emphasis 
on high milk production derived from the Holstein Frie-
sian as well as additional purposes such as reproduction, 
beef value and longevity of the Simmental breed. The 
genotype data from the Illumina Bovine SNP50 bead-
Chip on 101 pure RHF, 91 pure SI and 308 admixed bulls, 
provided by Swissherdbook cooperative Zollikofen, were 
used for this study. According to the formal definition, 
animals with pedigree admixture level of 0.125 to 0.875 
RHF are categorized as Swiss Fleckvieh. In the current 
study, we considered all admixed animals along the range 
of pedigree admixture level of 0.02 to 0.99 RHF. Qual-
ity control of the data was performed with PLINK 1.9 
(Purcell et al., 2007). SNPs with call rate less than 95 % 

  
Figure 1: Genome wide ancestry across the whole genome for 300 admixed animals (left). Average locus specific ancestries calculated 
across 7,914 windows (right).
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that were monomorphic and also deviated from Hardy-
Weinberg equilibrium (p-value < 10–6) were excluded 
from the dataset. We also excluded animals with more 
than 5 % missing genotypes, SNPs with no information 
on their positions and those that were located on the X 
chromosome. After quality control 485 animals (97 RHF, 
88 SI and 300 admixed bulls) and 39,525 SNPs were left. 

We used LAMP 2.5 to calculate locus specific ances-
try. The constant recombination rate was set to 10–8. We 
assumed that 0.01 recombination events occur per Mb. 
We also did not consider linkage disequilibrium between 
our SNPs. The prior ancestry proportions were set to 

0.68 and 0.32 obtained with ADMIXTURE software (Al-
exander et al., 2009). The locus specific ancestries were 
estimated for each admixed animal with respect to pure 
breeds, representing the proportion of each involved 
ancestry for each SNP. The fraction of alleles from RHF 
population is respectively 1, 0.5 and 0, if both alleles, one 
allele and none of them are from the RHF ancestry popu-
lation.

To calculate the local ancestry with MULTIMIX, we 
phased the dataset on ancestral and admixed population 
using SHAPEIT v2.r790 (Delaneau et al., 2012). Then we 
used MULTIMIX with chunk length 5 SNPs per window 

  

  
Figure 2: Standardized local ancestries based on mean 0.70 and SD 0.040 estimated by LAMP and mean 0.68 and SD 0.038 estimated 
by MULTIMIX on chromosomes 2, 21, 27 and 29.
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and misfit probabilities 0.68 and 0.32 and calculate the 
local ancestries for each chromosome separately. The ge-
netic ancestries by MULTIMIX were calculated percent-
agewise. We changed them to the proportions (1, 0.5 and 
0) similar to LAMP. So, if both haplotypes showed RHF 
probability greater than 0.68, we put RHF genetic ances-
try to 1. We defined 0.5 if one of the haplotypes had the 
probability of RHF greater than 0.68 and the other one 
had the probability of RHF less than 0.32. If both haplo-
types showed the probability of RHF ancestry less than 
0.32, the RHF genetic ancestry was set to 0. The other 
values in between were regarded as missing values.

To detect the selection signals following Bhatia et al. 
(2014), we standardized the local ancestries calculated 
by LAMP (by 0.70 mean and 0.040 SD) and MULTIMIX 
(0.68 mean and 0.038 SD). 

On the basis of the extended linkage disequilibrium 
(LD) in the genome of admixed individuals, we defined 
a genome wide significant selection signals by correc-
tion for multiple hypothesis testing considering 5000 and 
1000 independent segments along the whole genome 
(Bhatia et al., 2014). Therefore, standardized local ances-
tries greater than 4.42 (p-value < 1×10–5) correspond to 
5000 hypotheses and 4.06 (p-value < 5×10–5) correspond 

  

  
Figure 3: Standardized local ancestries based on normal distribution hypotheses tests. Two dashed lines are threshold lines based on 
1000 (−4.06) and 5000 (−4.42) independent tests.
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to 1000 hypotheses were considered as significant thresh-
olds. As LD is higher and therefore the number of in-
dependent segments of the genome is smaller in bovine 
populations compared to human populations analyzed 
by Bhatia et al. (2014), we consider these thresholds con-
servative (Hayes et al., 2003). 

3 RESULTS AND DISCUSSION

Local genetic ancestries were calculated across con-
tiguous windows with the length of 5 SNPs. In total the 
genome was divided into 7914 windows. The genome 
wide ancestry across the whole genome for each admixed 
animal (global admixture) was calculated by LAMP and 
MULTIMIX programs. Pearson’s correlation for genetic 
ancestries across individuals from both programs was 
considerably high (0.99). The average locus specific an-
cestries were calculated across the admixed animals for 
7914 windows. The results from both programs showed 
moderate correlation (0.55) (Fig. 1). 

We searched through chromosomes, to see the pat-
tern of the results derived from the two programs and 
also how the results from both programs correlated 
across each chromosome. The correlation between the 
local genetic ancestry estimates along each chromosome 
from both programs ranged from −0.71 on chromosome 
24 with 977 SNPs to 0.88 on chromosome 27 with 723 
SNPs. Correlations greater than 0.80 were observed on 
chromosomes 2, 5, 12, 15, 21, 27 and 29. The results on 
chromosomes 2, 15, 21 and 27 were shown in Figure 2.

Figure 3 displays the average local ancestry at each 
SNP along chromosomes 13, 18 and 22 derived from 
LAMP and MULTIMIX. Regards to the effective num-
ber of independent segments in the genome of admixed 
animals, we decided for two thresholds (values greater 
than 4.06 and greater than 4.42). Based on LAMP re-
sults, two regions on chromosomes 13 and 18 passed the 
first threshold (1000 independent segments or hypoth-
eses). Based on MULTIMIX results, this region does not 
overlap with LAMP results. However, another region on 
chromosome 22 passed the threshold.

A relatively wide significant signal based on 1000 
independent hypotheses was detected on 46.3–46.7 Mb 
(windows 149 and 150) by LAMP program. The locus 
specific ancestries from MULTIMIX in this region were 
in the same direction with signals detected by LAMP, but 
they did not pass the threshold. 

Three wide regions on chromosome 18 passed the 
threshold based on 1000 hypotheses by LAMP. The first 
region was located on 18.8–19.2 Mb. The second region 
was detected on 20.1–23.7 Mb and the third significant 

signal was detected on 23.9–25.7 Mb. No considerable 
signals were detected in these regions by MULTIMIX.

On chromosome 22, a significant signal was de-
tected on 9.3–10.3 Mb based on 1000 independent tests 
based on MULTIMIX. Regards to LAMP results, the 
locus specific ancestries were in the same direction as 
MULTIMIX, but they were not significant. 

Although estimates from MULTIMIX and LAMP 
were comparable at the global level, there was consid-
erable difference at the local level (see Figures 2 and 3). 
LAMP does not use LD background of data to calculate 
the local ancestries and it works well when the data den-
sity is not very high. On the other hand, MULTIMIX 
takes into account linkage disequilibrium (LD) and is ca-
pable of multiway admixture deconvolution. Based on a 
study by Chen et al. (2014), the results from MULTIMIX 
are more accurate when the size of windows are not high 
(Chen et al., 2014).

4 CONCLUSIONS 

This study considered two methods implemented 
by LAMP and MULTIMIX programs to calculate the lo-
cal admixture along the genome of Swiss Fleckvieh cat-
tle, a composite of Simmental and Red Holstein Friesian. 
Both programs showed high correlation in estimation 
at global level, yet at local level the correlation was not 
high. Therefore, one should be careful when interpreting 
signals of selection based on results produced by a single 
software. 
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