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We are all going to die There is nothing left to select

Mutation
load

Genetic Standing
Load Variation

Selection, Purging Variance conversion

Inbreeding

load

Variation
Deployment
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GENETIC LOAD . . o _
Genome wide homozygosity measures are bad indicators of genetic load

+ We use them because we struggle to identify (sublethal) deleterious
variants
« Genetic architecture is a direct function of the selection process
« How much directional dominance there is in dairy cattle is still an
open question

We often assume that purging is not happening or not fast enough
load « Dairy populations are under strong indirect and direct selection for
“functional fithess”
« Fitness is hard to define and quantify in the field

Mutation
load

Selection, Purging

Increase focus on deep phenotyping
Increase integration of functional annotation
Inferring genomic architecture of inbreeding depression from breeding Increase numbers of genotyped individuals
populations is complicated: Refine analysis tools
* |tis not economically feasible to conduct selection experiments in dairy Integrate Model Organism Approaches

* Some of these questions cannot truly be answered retrospectively Investigate the potential of advanced technologies
Data sharing

On the short-term homozygosity will remain an issue best
managed trough logistic structuring of the breeding process
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Genetic
Architecture

Variance conversion

Operational
models

Review > J Anim Breed Genet. 2017 Jun;134(3):196-201. doi: 10.1111/jbg.12270.

"Conversion" of epistatic into additive genetic
variance in finite populations and possible impact on
long-term selection response
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> Genet Sel Evol. 2022 Mar 7;54(1):19. doi: 10.1186/s12711-022-00709-7.

The long-term effects of genomic selection: 1.

Response to selection, additive genetic variance, and

A Large-Scale Genome-Wide Association Study of
Epistasis Effects of Production Traits and Daughter genetic architecture
Preg nancy Rate in U.S. HOIstein Cattle Yvonne C J Wientjes ', Piter Bijma 2, Mario P L Calus 2, Bas J Zwaan 3, Zulma G Vitezica 4,

Joost van den Heuvel 3
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a Model A b Model AD ¢ Model ADE
(a) Fat percentage (b) Protein percentage (¢) Milk yield
- . iNZ::ZN“E P . PKD2-5PP1 s C14H80rf33-ZNF34 - 1.00 1.00
: :
i e X spp1 PPPIRSD X | Xves28 | .
i MRPS18A ; i § § 8
FGF10 (d) 2 2 2
i XNNT, BICRAL X §07° §07° 5%
ZNF250-ZNF16 \ MRPS18A H 2 o
X GPAAL : ! . k] k] k]
- : 2 2 c
11018 15135523702 I [ . sea2-| H . 8,050 8,050 g
| X TDRD10 L : ABAS X feex i o 5 5
: sicrAL o . o SLCIBAZSLCIBAL  + praeRad) 2 2 2
LMO3-MGST1 MRPS18A o 3 3 3
<025 <025 < 0.
S L FGF10(d) l
. 1BSP-LAP3 x NNT& s
.
0 | i P A W j 0.00 0.00 0.00
' c T Coorre s ) 0 1 20 30 40 50 0 1 2 30 40 50 0 1 2 30 40 50
Chromosome Chromosome Chromesome Generations Generations Generations
(d) Protein yield (o) Fat yield () Daughter pregnancy rate Additive genic variance
1 aans x + C14H8orf33-ZNF34 wnq  CleHBof33 ZNFs + TMPRSSLIE X d Model A e Model AD  Model ADE
i X MAFL -
wn-| SLC3BAL-SCAF11 X Vrs2s wel  IMOIMGSTI ¢ - RUFY3-GRSF1
Y . X PTPRO i z
§ an- R : 161 HSD1786 ¢
g P N 1 . 2 .| PRP2() ) 1.00 1.00 1.00
§ N * C19H170rf67 :
: s H t X BRIPL H o § § §
e 1 ' BICRAL X - L0C107133183 s 8075 8075 8075
B SLCaAd X MRPS18A X ABTB2 s s g
8 GC-NPFFR2 N wes ° o °
E ©0.50 ©0.50 ©0.50
0 o o o
2 2 2
s 3 3 3
<025 <025 <025
Comasome Chromosome Chvomosome
0.00 0.00 0.00
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Generations Generations Generations

Method =8| RANDOM == MASS = = PBLUP_OP &l&l GBLUP_NoOP [=ll] GBLUP_OP



NC STATE UNIVERSITY

The conversion of variance and the evolutionary

Research article | Open Access | Published: 27 April 2018 pOtentlal of restricted recombination

Characterization of recombination features and the
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Variance of gametic diversity and its application
in selection programs
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Genetic recombination is usually considered to facilitate adaptive evolution.
However, recombination prevents the reliable co-transmission of interacting
gene combinations and can disrupt complexes of coadapted genes. If
interactions between genes have important fitness effects, restricted
recombination may lead to evolutionary responses that are different from
those predicted from a purely additive model and could even aid adaptation.
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UNDERSTANDING INBREEDING

* Functional Annotation to Dissect Inbreeding
» Heterogeneity of Inbreeding and Environmental Load
* Inbreeding and Cow Fitness

MANAGING GENETIC DIVERSITY

 Impact of Expected Future Inbreeding Under Varying Scenarios

BONUS

* LLM to identify deleterious variants
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Functional Annotation to Dissect Inbreeding
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COUNCIL ON DAIRY CATTLE BREEDING Da un secolo, ofre. _

Genomic Partition of Inbreeding Depression in Production Traits of U.S. Jersey Cattle | "
Using Functional Annotations
Chang Xu®", Christian Maltecca’, Francesco Tiezzi*?, John B. Cole'>* Sajjad Toghiani®, Li Ma®, and Jicai Jiang*
J Dairy Sci. under review InD Enrichment for Milk (SIPMM) InD Enrichment for Fat (SIPMM)
. g™ Imputed 60K 2 40 Imputed 60K
OverVIew: é Random 60K é Random 60K
« Analyzed 245,517 genotyped Jersey 5 W o B B veosox
cows using a linear mixed model. 5 varrook 5 20 Var7ook
. S 20 equence < equence
«  Mapped 9,532,696 sequence variants ~ “ ' ' o i i I W
into 1] B 'i e e
five functional annotations: Intron, & ¢ \Q@ & & \Q@ &
PromOter’ GERP’ CDS’ UTR’ and Q&Functlonal Annotation Q&Functlonal Annotation
K Fi d others. InD Enrichment for Protein (SIPMM) InD Enrichment across Traits (SIPMM)
ey rindings: 60
Significant enrichment of InD for milk
yield in promoter (enrichment ratio = 5 . ‘ . 5 .
(2??5.1;1),)UTR (57.96), and GERP regions g ] ] iiiﬁi g ] ::zt
) . ’ . . . I.IEJ % . Sequence UEJ ” . Sequence
*  Protein yield showed enrichment in 1 'I '
promoter (15.25), UTR (46.44), and . EEE L . I e
GERRP regions (32.73). §F & & & &Ff & \Q@ &
* Fat yleld Showed enriChment in UTR « Functional Annotation Q@ Functional Annotation
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Conclusion: Individuals with Different Annotation-level Inbreeding Coefficients
« Some genome annotations
have disproportionate
effects on inbreeding
depression (InD).

JER 84291594
annotation

« These regions may be w M cos
more vulnerable to 3 B cere
deleterious mutations. ; = -

Implications: W o

« Enhances understanding o =R
genetic basis of InD.

« Could inform breeding
strategies for genomic 000 - oo
SeleCtion in dairy Cattle. Annotation-level Inbreeding Coefficients
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Heterogeneity of Inbreeding and Environmental Load




POSTER Abstract #2049

* 414,514 milk yield records 24,395 cows,
703 herds, 25,001 HTD.

* For each herd-test date, (THI) for the week
before the visit were available.

* Inbreeding estimates were assessed via 3
methods:

+ FPED, FGRM, FROH

*  Environmental stress-related covariates
(temperature, relative humidity, or THI)
fitted in the model as cross-classified
effects with 5 levels.

* Inbreeding caused significant depression
across all the environmental conditions
observed.

* Extent Inbreeding depression was
dependent on environmental load.

NC STATE UNIVERSITY

Inbreeding depression for milk yield under environmental stress in Italian Holstein cows
F. Tiezzi, C. Maltecca, J.C.C. Panetto, J.-T. van Kaam, M. Cassandro, C. Cipolat-Gotet, M. Ablondi, A.Zanotti, R. Finocchiaro
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Inbreeding and Cow Fitness
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Assessment of inbreeding depression on stayability of Italian Holstein cows
F. Tiezzi, C. Maltecca, J.C.C. Panetto, J.-T. van Kaam, M. Cassandro, C. Cipolat-Gotet, M. Ablondi,A. Zanotti, R. Finocchiaro

Da un secolo, oltre.

J. Dairy Science submitted POSTER Abstract #2342

-s- cows' average EBV -e- cows' average survival

Stayability:
+  Defines female survival ability 0.850
across calving intervals.
* Evaluated through three

intervals: P 0.825
+ STAY12: 1st to 2nd =
calving E
[=]

* STAY23: 2nd to 3rd " & 0.800
calving E

-+ STAY34: 3rd to 4th calving 3 B ™)
Study Data: & 75

»  Utilized data from up to 48,000
cows with genotype and
phenotype records. 0.750
Inbreeding Estimation Approaches: '
. FPED FGRM FROH_GENOME 2015 2016 2017 o 2018 2019 2020
FROH_CLASS

Inbreeding (%)
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Impact of Expected Future Inbreeding Under Varying

Scenarios
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Effects of germplasm exchange strategies on
genetic gain, homozygosity, and genetic
diversity in dairy stud populations: A

simulation study

Emmanuel A. Lozada-Soto ! & &, Christian Maltecca ?, JicaiJiang %, John B. Cole ?,

Paul M. VanRaden 3, Francesco Tiezzi ¢
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Females = 500 Year 5 females

Culling rate ~60%

Males
Worst 20 leave
stud each year Females = 1250 Year 5 females RANDOM
200 x [ 5000
r WS females h Culling rate ~17%
Males = 180
Females = 1500 Year 5 females UIRYE EREERINE AL
Year 2 males Males = 20
J
Culling rate ~14%
(AII Pass to become year 2 males) L Females = 1750 Year 5 females
<AII Pass to become year 2 males> ~
» Males =20
Females = 1750 Year 5 females
Culling rate ~30%
Candidate males Males = 2500 5000
Offspri
I S Females = 2500 Female Candidates




UNIVERSITA <
NC STATE UNIVERSITY DEGLISTUDI UNIVERSITA
FIRENZE
Da un secolo, oltre. D I PA R M A
FG vs. Generation Stratified by Penalty Method VD9% deltG vs. Generation Stratified by Penalty Method VD9%
0.06
4
0.04
3
Penalty Method
= EBV
0.02 === Penalty_5_REG
=== Penalty_5_ROH
e === Penalty 6_REG
O] =
w % 2 === Penalty_6_ROH
=== Penalty 7_REG
0.00 === Penalty_ 7_ROH
. === Random
we TBV
1
-0.02
0
-0.04
0 5 10 15 20
’ ° 5 * 2 Generation

Generation



4%, | UNIVERSITA .
NC STATE UNIVERSITY | pEusTUD gPII’XEﬁLTA

Da un secolo, oltre.

VarD vs. Generation Stratified by Penalty Method VD9%

VarA vs. Generation Stratified by Penalty Method VD9%
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IndDep vs. Generation Stratified by Penalty Method VD9%

Generation

Penalty Method
= EBV
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=== Random
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Da un secolo, oltre.

Conclusions:

Penalizing Future Inbreeding effective
at constraining accumulation of
inbreeding in population

« Both GFI and ROHFI work

* ROH penalize less genetic gain

« Similar level of VA after 20 Gen
Penalizing FI helps maintain higher
level of VD in the population

» Stronger penalty work better

 ROH and G based similar results
Inbreeding depression does
accumulate regardless of methods
Some aggressive penalty might actually
prevent purging from pop?

Simulations are only as good as how much you’re willing to believe in them
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LLM to identify deleterious variants



a) Routine genotyping b) Life histories
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-Years

Massive detection of cryptic recessive genetic defects in dairy cattle
mining millions of life histories

Natural death, culling, other events

e) Validation

Barbat !, Sébastien Fritz 13, Marie-Christine Deloche 1, Aude Remot 6, Blandine Gausséres 4, Adéle Clément “, 2 Al-risk (1) vs Animals at risk vs control mating
- Ot E 5 control mating (0)

Elise Contat %, Anne Relun 7, Vincent Plassard &, Julie Riviére 1%, Christine Péchoux , Marthe

Marion Bouchier 5,

Vilotte !, Camille Eche 19, Claire Kuchly, 1%, Mathieu Charles *, Arnaud Boulling %, Guillaume Viard >*1, Stéphanie

Minéry 2, Sarah Barbey 2, Clément Birbes '3, Coralie Danchin-Burge 2, Frédéric Launay, *?, Sophie Mattalia 2,

Aurélie Allais-Bonnet 311, Bérangére Ravary 8, Yves Millemann &, Raphaél Guatteo 7, Christophe Klopp 3 Females not genotyped with

available life trajectories

|

g) Frequency & contribution
Frequency

Christine Gaspin 3, Carole lampietro *°, Cécile Donnadieu *°, Denis Milan 14, Marie-Anne Arcangioli 5, Mekki

N

Boussaha !, Gilles Foucras #, Didier Boichard *, Aurélien Capitan %>*

» Author information » Article notes » Copyright and License information

PMCID: PMC11441225 PMID: 39343954

I Genome Biology “ -

FFiFid i F
Contribution

# ;'_r-' m‘.d.-if'_

Fine phenotypic data

i) Phenotypic and functional characterization
to describe effect on
live animals

\-T-I.

Histology Morphology ‘

2% 8"

Functional
characterization

¢) HHED mapping
Homozygotes observed/expected

]

-
g

% of increase

Chromosomes

[
1)

—

d) Haplotype tests

GATCATCACCCTTGACAT 2
GATCATCACCCTTGACAT
B GHTCBTCACEC'I"!‘GRCAT 1

c i 0
CTACAGCACGCTTGATAT
D CTACRGCRCGCTTGATAT 0
h) Candidate variants

Correlations between
haplotype & WGS data

Filters:
« R2>05
* Deleterious
+ Breed specific

i} Chip update & routine genotyping

Recruitment of
cases & controls
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Invited review: Management of genetic defects in dairy cattle

populations

John B. Cole & 23 B - Christine F. Baes #5 - Sophie A.E. Eaglen ¢

- Thomas]. Lawlor7 -

Christian Maltecca?

- M. Sofia Ortega 8
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@  RESEARCH ARTICLE = GENERATIVE GENOMICS f X Min & @ O m

Sequence modeling and design from molecular to
genome scale with Evo

Evo 2: DNA Foundation Model

Evo 2 is a genomic foundation model capable of generalist prediction and design tasks across DNA, RNA, and proteins.
It uses a frontier deep learning architecture to enable modeling of biological sequences at single-nucleotide
resolution with near-linear scaling of compute and memory relative to context length.

Evo 2 is trained with 40 billion parameters and 1 megabase context length on over 9 trillion nucleotides of diverse
eukaryotic and prokaryotic genomes. (https://arcinstitute.org/tools/evo)

Can We Effectively Predict Deleterious Variants in Bulls Based on LLM?
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A Proof of Concept it -

Jicai Jiang

[©55] 1 vvversiry o
ugn SYDNEY OMIA - ONLINE MENDELIAN INHERITANCE IN ANIMALS

OMIA  SYDNEY SCHOOL OF VETERINARY SCIENCE ~ UNIVERSITY HOME  CONTACTS

onate | Browse | Search | Landmarks/Reviews/Resources | PMIA | Downlosd | Curate | Contact | Ciing OMIA | News | Acknowledgements | Links

m-mmmmm

Anonymized

Neutral

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog
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Lero-shot classification

Variant-type blind: AURDC = [1.5358 & AUPRC = [1.8315 Variant-type matching: AURDC = [.7/74 & AUPRC = (/655

OMIA SNVs

Random SNVs

003 -0.02 -001 0.00
Delta likelihood score, Evo 2

OMIA SNVs

Random SNVs

0.04 -0.03 -0.02 -001 000 001

Delta likelihood score, Evo 2
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== AUROC AUPRC AUROC AUPRC
chicken 0.8438 0.3740 0.6126 0.1645
dog 0.9133 0.5817 0.7738 0.2674
cat 0.8969 0.5518 0.6832 0.2008
goat 0.8714 0.5606 0.6571 0.3557
horse 0.9307 0.5590 0.8276 0.2942
pig 0.9310 0.6070 0.8430 0.3925
sheep 0.8954 0.5574 0.6753 0.2524
cattle 0.8958 0.5077 0.7438 0.2672
AVERAGE 0.8973 0.5374 0.7271 0.2744
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A potential framework

Value
Assessment

High Risk Gene Edit

a

— ” EVO2 Risk Score l
]

v

m_ Breeding
Pool

Monitoring
and reporting
system
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 We now have better tools to understand inbreeding and inbreeding depression
— We do need a better system and a more systematic effort
— Look beyond algebraic massage of LMM

* Inbreeding load is heterogeneous
— Based on the definition of “fithess”
— Based on functional annotation
— But also based on the environmental load
* Are we underestimating it in stressful conditions?

 EFlis a valuable tool not only to curb inbreeding accumulation but also to preserve exploit
dominance variance

— G and ROH FI perform similarly
— Very strong penalty on F might prevent purging of deleterious variance (strong emphasis on might)

— With availability of producing ability in cows (A+D) possible to re-capture some of VD
indirectly in selection process
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