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Big Data
Challenges

1. Extremely large size of the data 1. Generate knowledge from genomic
information without phenotypes
2. Lack of phenotype information

for some/all individuals 2. Discovery of private alleles and
examination of relationships at large
3. Remaining uncertainties scale

regarding individuals
3. Time and memory efficient
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Example Data Set
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The 1000 Bull Genomes Project

- Total: 6191 individuals =
« ~ 120 million variants
« 30,396 genes (ARS-UCD1.2)

Subset: >= 50 individuals in a breed e &
e 19 breeds g ¥ |
3718 individuals a
« ~ 68 million variants Domestication routes of taurine and indicine cattle.

*MAC>=1 Xia et al. (2023)

MAC = Minor allele count

27.June, 2024 Johanna-Sophie Schliiter Hayes and Daetwyler (2019); Rosen et al. (2020)
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Current Usage

« Imputation and studies on imputation algorithms
*Selection signature detection, ancestry, and diversity

* Few phenotype associations:

e African animal trypanosomiasis

Limited usage only

27.June, 2024 Johanna-Sophie Schluter Boitard et al. (2016); Pausch et al. (2017);
Jiang et al. (2022); Rajavel et al. (2022)
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Phylogenetic Trees
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Phylogenetic Trees of Cattle

Dutta et al. (2020):
294 individuals (B. taurus & B. indicus), ~ 8 million variants

Neumann et al. (2023):
1691 individuals (B. taurus), ~ 23 million variants

Chen et al. (2023):
495 individuals (B. taurus & B. indicus), ~ 67 million variants
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How Big is Big Enough?

Sample n SNPs from virtual matrix

Calculate distance matrix based on n
SNPs

Construction of trees

Determine differences between trees
(entanglement scores)

Schmitt (2019), and using R packages from: Galili (2015);
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GOTTINGEN & e

Conter for Integrated Breeding Rescarch

C GEORG-AUGUST-UNIVERSITAT C| B ree d MM

Results

Tanglegram of two phylogenetic trees
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Private Alleles
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Hopping Window

Constructing virtual matrix

Extract the first n genomic variants

Determine and store private alleles

B

Go to next window of n genomic variants

AR

Using R packages from: Jombart & Ahmet (2011); Kinsella et al. (2011);

27 IR, 210222 Johanna-Sophie Schliiter Kamvar, Brooks & Griinwald (2015); Grueneberg & De Los Campos (2019);
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Chromosome 28: 13.6 Million Genomic Sites
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Most breeds only contain few private
alleles

Most private alleles occur in only few
individuals of a breed

Potential:
« Define set of interesting variants
« Discriminate efficiently between groups

Johanna-Sophie Schliiter 12
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Conclusions

Big Data is omnipresent in agriculture and readily available

Genomic data by itself is rich in information and often not exploited to its full
potential

Neglected data due to missing phenotype information
Insight to relevant variations and relationships is possible using pragmatic
approaches

Extremely large data size hinders analysis
For big data it is crucial to identify efficient analysis options

27.June, 2024 Johanna-Sophie Schliiter
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