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>elective breeding in aquaculture

* Addressed to complex traits of economic importance
* disease resistance, productivity, efficiency, quality traits

* Routine individual phenotyping for complex traits = difficult!

-

Implementation of genomic selection procedures|
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Efficient use of the genotype to predict the  Fagu:”
P ’]enOtype Do’

/Traits of economic importance are \ KThe animals to be predicted are not\

often polygenic (= many genes, each always related to the reference
with a small effect) population
» Detection of [causative variants|with * Prediction equations should perform
small effects = difficult! properly even when the reference
e Located in regulatory sequences population and the candidate breeders
e Affect traits through changes in are genetically distant

k gene expression ; i * across generations or populations/

"« Filter the genetic markers according to whether or not the genetic
variations are found in functional sequences

_* Incorporate biological priors into prediction models
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runctional annotation of animal genomes

Clark et al. Genome Biology (2020) 21:285

https://doi.org/10.1186/513059-020-02197-8 Ge nome B| OIO gy

From FAANG to fork: application of highly
annotated genomes to improve farmed
animal production

Emily L. Clark"'®, Alan L. Archibald’, Hans D. Daetwyler*?, Martien A. M. Groenen® Peter W. Harrison”,

Ross D. Houston', Christa Kiihn®’, Sigbjern Lien®, Daniel J. Macqueen', James M. Reecy®, Diego Robledo’,
Mick Watson', Christopher K. Tuggle” and Elisabetta Giuffra'®

Generation of functional genomic information from large populations of animals
Characterization of expressed and regulatory genomic regions

Utilization of the resources to relate genotype, phenotype, and genetic merit, and predict
genotype/phenotype relationships

g

ranslate the research into industry application
Facilitate the application of genomic selection
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AQUA- |
FAANG

cxperimental design e

Aim: integrating
functional annotation
data into genomic
predicgaaodels
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rish production and challenge test

e Experimental fish production: full-factorial mating,
25 sires x 25 dams from a commercial population

RGNNV

* 1016 juvenile fish (body weight: 6-20 gr) subjected to a VNN oamizostcinymt

experimental infection; 29 days challenge test

=y
=1
=1

[=1
-
(i3]

* Mortality recorded twice a day

1 Mortality rate 45.8%

Days

[=1
(53]
[=1

Overall survival probability
o
(&)

* Phenotype: mortality as a binary trait (0/1)

=
=
=
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Genotyping and imputation

 DNA was extracted from the fins of both experimental fish and their
Darents

* Experimental fish were genotyped with the MedFish SNP array (™
30,000 SNPs; Pefialoza et al. 2021); after quality check: 27,740 SNPs

for 990 animals

* Parents (25 dams, 25 sires) and 40 experimental fish were whole-
genome sequenced = imputation to whole-genome sequence of all

the experimental fish: 6,072,853 SNPs o
* Parentage assignment (APIS, Griot et al. 2020) ¢ ot e 2Rl N g
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ATAC-seq analyses

* Detection of active regulatory/functional elements in genomes
(open chromatin regions)

L I\/Iock—infected (N=10) NNV mfected (N:IO)
2 conditions el o gg it
2 tissues ’ @ ’ @
Brain Head-kidney Brain Head-kidney
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Genotypes pre-filtering

[ Gene
D Transcription factor
9 Nucleosome

] ] ]
NFR fragments - o
oy ll

,-‘,‘E Transposase Tn5
W Peak

—rewnt from Yan et al., 2020

NFR fragments
Mononucleosome
fragments
Peaks

* SNPs were pre-filtered on the basis of their localization in open chromatin
regions =2 creation of different subsets to be used in genomic prediction

1.

2.

3.

4

* Major QTL detected in LG12 -2 this LG has been removed

broad peaks a) brain, mock infected, b) head kidney, mock infected, c) brain, NNV
infected, d) head kidney, NNV infected

narrow peaks a) brain, mock infected, b) head kidney, mock infected, c) brain, NNV
infected, d) head kidney, NNV infected .

broad peaks, all tissues and conditions .
narrow peaks, all tissues and conditions ]

Chromosome
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aenotypes pre-filtering

Br_mock 207,040 1,420,858 1,367,938
Hk_mock 263,864 2,489,080 2,397,142
Br NNV 188,007 1,321,810 1,272,134
HK_NNV 228,349 2,979,717 2,807,315
All tissues/conditions 225,951 3,262,954 3,142,709
NARROWPEAKS | | |

Br_mock 238,536 832,801 801,811

Hk_mock 409,740 1,082,100 1,042,183
Br NNV 210,662 775,840 747,031

Hk_NNV 373,498 1,193,048 1,148,984
All tissues/conditions 432,078 1,749,779 1,684,547
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Prediction of GEBV

* Filtered genotypes used to predict GEBV for VNN resistance (mortality
0/1)
* Single-step genomic BLUP (GBLUP) in BLUPfS0+ (Misztal et al. 2018):

Phenotype «—— @ G
Random residuals

Overall mean

Random animal additive
genetic effect

N(0, Go3)
N{(-): Gaussian probability density function
G is the marker-based genomic relationship matrix
{(VanRaden, 2008)
o2 is the additive genetic variance
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Accuracy of GBLUP models

* Animals clustered according to genomic relationships distance

(kmeans, stats/R, Hartigan & Wong algorithm) -2 relatedness between
clusters minimized, relatedness within cluster maximized

 2-fold cross-validation: clusters used one at a time as testing set

Cluster

1 (N =589)
2 (N = 401)

Principal component 2 (3.80%)

Avg. genomic relatedness within cluster (on diagonal), avg.
genomic relatedness between clusters (off diagonal) based on
GRM (Yang et al. 2010)

Principal component 1 (4.85%)
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Accuracy of GBLUP models

* Comparison with a pre-filtered dataset where genotypes were | %0 "1/
disrupted based on a permutation procedure 0/1-1~0/0

1/1 | o1
+ Accuracy as R = \Jcorr(EBV,GEBV)? » rel(EBV)}\»!(EB vy =127 087
re =17z TY

Pearson correlation (r) between EBV (from pedigree-based
BLUP) and GEBV
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Accuracy of GBLUP models

Br_mock_broad

Hk_modk broad

Br NNV _bread

Hk_NNY_broad

Broad peaks_all tissues/conditions

Br_mock_nafr
HK_mock_narr
Br_NNV_narr
Hk_NNY_narr
Nammow peaks_all tissuesfconditions

‘ : ' . I | | | l

| Permutaton

0.266 *

aon oos alo a1s> 4o 025 a3 035 a40

r EBV, GEBV

Br_mock_broad
Hk_mock_broad
Br NNV _broad
Hk NNV broad

Broad peaks_all tissues/conditions

Br_mock_narr
Hk_mock_narr

Br NNV _narr
Hk_NNV_narr

Narrow peaks_all tissues/conditions

[ Permutation

0.248 % J

000 005 010 015 020 025 030 035 040
R
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0/0—1/1
0/1—0/0
1/1 | 0/1

Accuracy of GBLUP models

* Pearson correlation (r) between GEBV from the cross-validation and
the GEBV from the whole dataset (no masked phenotypes)
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Hk_mock_broad

Br_mock_broad

Hk_NNV_broad
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Accuracy of GBLUP models

0/0 1/1
0/1 0/0
1/1 0/1

* Performance of GEBV in classifying the observed binary phenotype:
Accuracy as ACC = (TP+TN)/n
Area Underthe ROC Curve (AUC)
Matthews correlation coefficient (MCC)
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Br_mock_narrow
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conclusions

* All the SNP datasets created exploitin%information on open

chromatin regions were used in GBLUP with similar prediction
accuracies

* Moderate prediction accuracies = prediction equations should
perform properly for some generations

* When genotypes were “disrupted”, predictions accuracy decreased

* Classification performances > GEBV predicted usi%the pre-filtered
SNP datasets are moderate classifiers of observed VNN mortality

* The results are promising considering the stringent validation
procedure
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ruture perspectives

* Other criteria to weigh/filter genetic markers: Chip-seq data, eQTLs p-
values, chromatin status score, Ensembl regulatory data

* Bayesian approaches for genomic prediction; new softwares
developed in other FAANG projects that could integrate prior
categorizations of SNPs (e.g. Bayes RCO)

* Converting genotypes into images and applying a two-dimensional
convolutional neural networks for binary phenotype classification e
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FuroFAANG

www.eurofaang.eu

EUroFAANG

. RESEARCH INFRASTRUCTURE

GENE- SWltCH

Unsderstanding milcroblomes of the ruminant holoblont

g“_B_Q___ ..Q§ hum .Qen Ruminant

TOWARDS IMPROVEMENT OF RUMINANT BREEDING
THROUGH GENOMIC AND EPIGENOMIC APPROACHES

FAANG

%/ Functional Annotation of Animal Genomes
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