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Genomic toolbox to handle Mendelian traits
Desirable genetic variants

Unfavourable variants

SNP-based monitoring
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The ,novel" genomic toolbox
to manage genetic variants
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Case-Control Study

Case-Control Study in Fleckvieh — Monogenic Recessive Lethal Factor

Comparison of affected calves (Cases) with healthy control calves (Controls)

a Phenotyping:

Cases vs. Controls
Distribution of trait carriers (sick
calves) and healthy control animals
based on external traits (phenotype).

Cases (Sick Calves) i Controls (Healthy Calves)
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Case-Control Study

Case-Control Study in Fleckvieh — Monogenic Recessive Lethal Factor
Comparison of affected calves (Cases) with healthy control calves (Controls)

Phenotyping:
Cases vs. Controls

Distribution of trait carriers (sick
calves) and healthy control animals
based on external traits (phenotype).

N e e wn - -

Cases (Sick Calves) Controls (Healthy Calves)

o SNP Genotyping _ Scenario A: Non-significant SNP Scenario B: Significant SNP (Causal Region)
(Comparison) g ok - = o
gomparlson of two exemplary = i 30% 2500 N 30% S 40% B

NP scenarios and their s - < v
association with the phenotype. 29 [nd L0 [nd rYihagmr o) AA B
< Cases Controls i <g Cases Controls
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Case-Control Study

Case-Control Study in Fleckvieh — Monogenic Recessive Lethal Factor

Comparison of affected calves (Cases) with healthy control calves (Controls)

0 Phenotyping:

Cases vs. Controls
Distribution of trait carriers (sick
calves) and healthy control animals
based on external traits (phenotype).

Cases (Slck Calves) Controls (Healthy Calves)

o SNP Genotyping _ Scenario A: Non-significant SNP Scenario B: Significant SNP (Causal Region)
(Comparison) g ok - e o
gomparlson of two exemplary g - 30% 0 > 30% S 40% P

NP scenarios and their s > I y v
association with the phenotype. 2 ol [ad Bl lnd lad LS lad 3 0 AA JiAa
< Cases Controls “ = Cases Controls
€) Proof of Recessive Inheritance ; Cases e et aiIlE

Identification of the causal mutation through ¢ Y YW m &!g ;’!’J r!g) m
co-segregation analysis. Only S e PR Ch s LN e -
homozygous recessive animals (aa) @ @ @ @ @ @
display the lethal phenotype. All cases are homozygous (aa) for the causal mutation.

Conclusion:

Significant SNP shows enrichment of aa in cases and absence of aa in controls;

causal mutation identified. Illustration generated with Gemini, 2026
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Dwarfism in Fleckvieh

Chromosome 3, 2,005 SNP, 17 DW cases, 1,326 controls
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17 of 1,326 controls

1.00
0.75

17 DW cases

SNP-
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Dwarfism in Fleckvieh

Haplotype: Homozygous in all cases but never
1 on controls
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17 of 1,326 controls

ol F;Iﬁﬂlﬂ:””l!l:
i

17 DW cases
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Genotype-based monitoring
VanRaden et al. (2008) — Genotype-Based Monitoring

Gene loci with underrepresentation of homozygous genotypes relative to allele frequency
Bull (Aa)

Initial Situation

For each SNP, genotype
data (AA, AB, BB) and
allele frequencies (p, q)
are evaluated.
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Genotype-based monitoring
VanRaden et al. (2008) — Genotype-Based Monitoring

Gene loci with underrepresentation of homozygous genotypes relative to allele frequency

Initial Situation Eulitaa)
For each SNP, genotype
data (AA, AB, BB) and
allele frequencies (p, q)
are evaluated.

e Expected Genotypes
after Mating
Under Hardy-Weinberg conditions,

expected genotype frequencies
are calculated based on allele 5 % 50 % 25 %
frequencies. ZPQ)
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Genotype-based monitoring
VanRaden et al. (2008) — Genotype-Based Monitoring

Gene loci with underrepresentation of homozygous genotypes relative to allele frequency
Bull (Aa) ~ Cow (Aa)

Initial Situation

For each SNP, genotype
data (AA, AB, BB) and
allele frequencies (p, q)
are evaluated.

0 Expected Genotypes
after Mating
Under Hardy-Weinberg conditions,
expected genotype frequencies
are calculated based on allele
frequencies.

9 Observationin s 2
Genotyped Population W Lo
The actual observed genotype = * ot o

frequencies are compared with : =
the expected values. No homozygous aa animals observed o

Conclusion:
Haplotypes with likely recessive lethal alleles are identifiable by
underrepresented homozygous genotypes. lllustration generated with Gemini, 2026
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Example: Brown Swiss Haplotype 2: (B2)
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her et al. BMC Genomics (2016) 17:400

;‘gnzﬁw:usmmnm—y ) BMC Genomics

A missense mutation in TUBDT is
associated with high juvenile mortality in
Braunvieh and Fleckvieh cattle

ohann Burgstaller’, Franz R. Seefried”, Christine Wurmser”, Monika Hilbe
rst', Nora Dinhopl®, Herbert Weissenbock’, Birgit Fuerst-Waltl’, Marlies Dolezal®,
Iri leul', Thomas Wittek?, Ruedi Fries* and Hubert Pausch®*

segregates also in Fleckvieh ...
below-average birth weight
higher stillbirth rate

markedly increased mortality
during the first seven weeks of life

typical clinical signs are nasal
discharge and pneumonia
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B2 risk-matings

Risk matings with B2-carrier bulls,
effect of B2-status of dam on still birth and rearing losses

still birth rate rearing losses rearing losses rearing losses

0 to 2™ day 3 to 30t day 315t d.-10 m. males 315t d.-15 m. females
% 1504 g 1504 % 0504 g 1.050 4
£ £ E £

frei Traeger frei Traeger frei Traeger frei Traeger

status of dam status of dam status of dam status of dam
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Longitudinal Study

Detection of Cryptic Mutations in Fleckvieh Cattle

Shift in Genotype Frequencies Across Life Stages & Phenotypic Causes (e.g. Besnard et al., 2024)

1. Genotype Shift Across
Life Stages

® Aa OAA © aa

& Birth Rea'ring 1stLactation  Adult
(Start) Cows

lllustration generated with Gemini, 2026
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Longitudinal Study
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Research Project, ETH Zdirich, Prof. Pausch and colleagues:

“A data-mining approach to detect genomic regions impacting female

reproductive fitness in cattle.”

WP2: A biobank-scale
mapping cohort of cattle to
investigate female
reproductive fitness

Genotype data of 590'000 female
Fleckvieh cattle

Sequence variant genotype
imputation

WP1: Functional
characterization of a female
fertility-associated
haplotyped

Clinical examination of heifers
Assisted reproductive technologies
Causal mutation identification

WP3: Identification of
haplotypes impacting

data-mining

Haplotype-based analyses
Phenotype-driven analyses

WP4: Molecular-genetic
mechanisms underlying
inherited reproductive fitness
differences

Identification of haplotype carriers
Characterisation of phenotypes
Functional investigations

reproductive fitness through

/

Pausch. H.

variants that lead to
losses in later life come
with higher costs!
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Reverse Genetics

Reverse Genetics in Fleckvieh — From Mutation to Phenotype

Candidate Mutation
(e.g. G->A Stop-Codon)

DNA Sequencing &
Variant Identification

Investigation of Fleckvieh genome data to
discover potential loss-of-function
mutations (e.g. Loss-of-Function).
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Reverse Genetics

Reverse Genetics in Fleckvieh — From Mutation to Phenotype

Candidate Mutation
(e.g. G->A Stop-Codon)

DNA Sequencing &
Variant Identification

Investigation of Fleckvieh genome data to
discover potential loss-of-function
mutations (e.g. Loss-of-Function).

Genotype Classification
in Population
Checking the frequencies of AA, Aa, and

aa animals (homozygotes) in a i Missing Homozygotes )

representative population. Population Genotyping (-etha! P "e“°ty":)' J
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Reverse Genetics

Reverse Genetics in Fleckvieh — From Mutation to Phenotype

Candidate Mutation
(e.g. G->A Stop-Codon)

DNA Sequencing &
Variant Identification

Investigation of Fleckvieh genome data to
discover potential loss-of-function
mutations (e.g. Loss-of-Function).

Genotype Classification
in Population

Checking the frequencies of AA, Aa, and
aa animals (homozygotes) in a \Missing Homozygotes ;
representative population. Population Genotyping

~ (Lethal Phenotype)~’

Phenotypic Validation
(Reverse earch)

Clinical evaluation and phenotyping of rare

homozygous (aa) or heterozygous (Aa) Sn(:lg(r{Letthal C)alf (thea'tthv
i [ enotype aa enotype
offspring for symptom documentation. @) it
O Conclusion: Reverse genetics first identifies functional DNA variants and e

=" subsequently investigates their phenotypic impact in the Fleckvieh population. cemini 2026
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I
Desirable Genetic Variants

Polled
K-Casein
3-Casein
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Inheritance of polled

50% 100%

25%

Illustration generated with Gemini, 2026
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The genetics of polled

Genetics of Polledness: Celtic (PC) vs. Friesian (PF) Mutations (BTA1 POLLED Locus)

( N\ [ )

Polled Celtic Variant (PC) Polled Friesian Variant (PF)
212 bp Complex Indel (Insertion-Deletion) ~80 kb Tandem Duplication

Bovine Chromosome 1 (BTA1)
— ~242Mb —

7
10 bp deletion

Bovine Chromosome 1 (BTA1)

212 bp duplication/insertion ~80,128 bp
e Commonly found in Fleckvieh, e Commonly found in Holstein-Friesian
Simmental, Angus, and Hereford. and Fleckvieh lines.
\_ y € J
Conclusion: Both PC and PF mutations lie on Chromosome 1 (POLLED locus) and showw |
Autosomal Dominant inheritance, resulting in a naturally hornless phenotype. y §
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The genetics of polled

Polled allele frequencies in female genotyped Fleckvieh population

— Celtic (Pk) == Friesian (Pf)

polled is under

> strong selection
%’0.10
< . .
0.051 \ . ma!nly on CeltIC
variant
ol = " | |
Q\b s'<\ SH o N @fa
v v v v v v

Birth year
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Inseminations with polled: Pp+PP

Insemination with PP and Pb bulls (%)
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Polled status of Al bulls (AT+DE+CZ) DATA
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=

more than
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1
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TMI of used semen by horn status DATA

GZW

136
130
124
118
112
106
100
94
88
82
76
70
64

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Year

“ PP " Pp i Furst C.
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K-Casein and 3-Casein

Allele frequencies in female genotyped Fleckvieh population

— Beta Casein A2-Allele == Kappa Casein B-Allele

not much selection

visible on milk
. —_ . casein composition

<
o
1

|

o
D
1

no price premium
for either trait

o
(&)
1

Allele Frequency
o
N

0.31 I S ... - . gn .

BT T T T R RIEEERR scientific evidence
0.24
) still under debate

for 3-casein

0.0

6“;0 Q\;\ Si Q‘?’;\ & Qqé)
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Birth year
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Unfavourable Genetic Variants




Unfavourable variants in Fleckvieh

Ordered by date of publication in breed
of scientific publication
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o—r

® © &

Arachnomelia

Brovne male

Q V)
4
J S
Fehlform /"~
/ ?esur;d
¢ Motil)
A

U;beweglich
(Immotil)

Stunted growth

Thrombopathia

Zinc deficiency-
like syndrome

subfertility F
(BMS) (2! (TE) (zpL)
Gene Gene Gene Gene Gene Gene Gene
MOCS1 T TMEM9S T GONAL SLC2A2 RASGRP2 PLD4 SUGT1
o wiis 9 publicati 1 Publication 4 publicati %1 Publication 9 Publicati n blicati
o Wbl i breed ibvocd ihbrsed hesed i
2008 12/2012 08/2013 08/2013 10/2013 102103 04/2014

Fleckvieh
Haplotype 4

“Haplotype 2

9 Publication
in breed

06/2014

Fleckvieh

Haplotype 5

not assigned

Publication

in breed

05/2015

Fleckvieh

Haplotype 1
(FH1)

Gene
unpublished

9 Publication
in breed

08/2024
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Genetic defect labeling zyeh i

DATA

Pos. 1-2/3: Abbreviation for defect
Pos. 3/4. Carrier status: C = carrier
F = free
S = homozygous carrier (sure)

Defect _______________|Abbrev.

Arachnomalia AR  Examples:

Bovine male Subfertility BMS MS Eeztg r:zyg ous cartior of BHD
Brown Swiss-Haplotype 2 BH2 B2 ARF =
Fleckvieh-Haplotype 1 FH1 F1 freivon Arachnomalia
Fleckvieh-Haplotype 4 FH4 F4 hMoSr:o;ygus carrier of BMS
Fleckvieh-Haplotype 5 FHS5 F5

Stunted growth FH2 F2

Thrombopathia TP TP

Zinkdefiziency-like Syndrom ZDL ZL

Dwarfism DW

01 Genomic toolbox | 02 Desirable variants | 03 Unfavourable variants | 04 SNP-based monitoring | 05 Take-home message



zucqumw!

Defects with visible cases DATA

Frequencies in the female population (AT)

very strong
selection against
defects with
visible cases

Frequency (%)

Birthyear
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Defects with no visible cases

Frequencies in the female population (AT)

moderate selection
against defects with
no visible cases

Frequency (%)

FH4

FH1

Birthyear
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Genomic Monitoring using
Custom SNPs
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Genomic monitoring

Chips consist of different SNP groups
 SNPs for genomic breeding values
» cover the genome well, no direct effect on the phenotype

 SNPs for parentage verification
« reliable, occur in many breeds, no genomic prediction possible

 SNPs for direct genetic tests
» genetic defects and genetic traits
« usually commissioned and designed by the customer

Design of direct genetic tests based on own research and/or
data bases such as OMIA (Online Mendelian Inheritance in Animals)
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SNP genotypes in data base (all breeds)

15/09/2026

Chip version No.SNP No. CustomSNP  No. Animals No. Genotypes

(bn)
[llumina K50 V1A 54 001 6 301 0.34
[llumina K50 V1B 54 001 24 683 1.33
[llumina K50 V2 54 609 52 457 2.86
[llumina K50 V3 53218 1200 0.06
[llumina HD 777 962 1254 0.98
[llumina K80 GGPHD 76 879 2975 0.23
[llumina K50 Custom V1 56 263 1718 15691 0.88
[llumina K50 Custom V2 56 715 2181 33091 1.88
[llumina K50 Custom V3 45994 2323 14 547 0.67
[llumina K50 Custom V4 46 691 2364 100 261 4.68
[llumina K50 Custom V5 56 460 2508 118 977 6.72
[llumina K50 Custom V6 59 003 3058 120 545 7.11
[llumina K50 Custom V7 59117 3161 284 788 16.84
[llumina K50 Custom V8 57 805 3773 525 686 30.38
Total 1302 456 75
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Genomic monitoring

currently...

e 114 genomic locations
* in 27 cattle breeds
* analysed as part of the 14-day routine

* which variant segregates in which breed
* check allele frequencies over time

* carrier animals



Many variants are NOT breed-specific ZUCHT -'|||‘||!
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Frequencies of loci found in Fleckvieh that segregate in other breeds

() 0 0 € N ¢ < c < | & “L’.:‘”
v S| o aH gV | 5 |e ol 5§ d o FdaolAg .5 o ol3
wn -B'H = (4] -~ 2 o c w c =--|::smN_|_,= [ = L'H'_'QJ
Locus [OMIA-ID* (Y] + o |+ U c o o c ool & X S o0

o — 5 o oo ) Al £ — = i
c o c c n wn C c o |Ws| Y¥WN|lo 5 © c —
< H 5| 2 c | oo = ® |9 o E c |mdcle SIS E = |2 6|8 o
) S ¥ o £ (898 A S £ Ple S Yawny S 9+ &

gg S W O O | m| -~ £ omon.a‘" & ™ o|2

=
A (FV) [001541]

BH2 [001939] BEXl |

FH2 [000366]

FH5 [002960]

i

TP [002433] xa

5.4

01 Genomic toolbox | 02 Desirable variants | 03 Unfavourable variants | 04 SNP-based monitoring | 05 Take-home message



ZUCHT ||
DATA

Take-home message




ZUCHT"HM!

Conclusions PATE

n Genomic toolbox enable efficient management of Mendelian traits.
Especially in large populations under genomic selection.

u Increased awareness among breeders and decision makers and less ,fear".
Rezessives with visible cases are under rigorous selection.

Genetic defects are still a disruption of the breeding business!

u Higher speed needs clear vision and good breakes.
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