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Fertility index in Italian Holstein
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—Negative energy balance
—Increased inbreeding (0.05 per year — Mrode et al., 2005

—Deleterious recessives

ANAFI
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Deleterious variant:

purifying natural selection
MacArthur et al., 2014

Unexpected high frequency
 Demographic events (e.g. bottlenecks)
* Breeding practice

* In linkage with favourable alleles (hich-hiking)

e Spread by important Al sires

* Variants in balancing selection (e.g. beta-globin - malaria)
Ajmone Marsan et al. 4 EAAP 2017




UNIVERSITA

CALIQUCA QTL MAPPING

1 2 34 5 6 7 8 9 10 11 12 13 14 15 M Ageatpuberty

° I O o ® N = I ° * [l Calving ease and calf performance
.. ° o ® - |° I ¥ ” e 10
o ' Io o 1 : § s.o °c [l Conception rate
e 4 ° 0
. g 2o o ° s " n EP' 'OI] [ Daughter pregnancy rate
o ® ° 8
. A . Dl 4 : [] Fertility
°
. o § . i Iﬁ B First service conception
" o a N S 3 5 . o o .
. ° o o [l Gestation length
|D|:| ¢ O CHE D ° .
o B . o Il Heifer pregnancy

16 17 18 19 20 21 22 23 24 25 26 272829 X ' Interval fromfirst tolast service

. [ Interval to first conception after calving
o id id
i o O 8 o N R 2 ° [ Non-retumn to estrous rate
o o o oo o o i
o o L o 8 B [] Ovulation rate
L [ o ° o
1] ® " i & ® o o [[] Post-partum anestrous
o
° E o I Pregnancy rate
1® e o ) e ® o o o i o
o o A 13 - D Stillbirth
© (0
f " o . - | L [ Twinning rate

Fortes et al, 2013

Aimone Marsan et al. 5 EAAP 2017



UNIVERSITA HAPLOTYPES LACKING ONE OF THE

CATTOLICA

del Sacro Cuore

Harmful recessive effects on fertility detected
by absence of homozygous haplotypes

P. M. VanRaden,*! K. M. Olson,t D. J. Null,* and J. L. Hutchison*

*Animal Improvement Programs Laboratory, Agricultural Research Service, USDA, Beltsville, MD 20705-2350
tNational Association of Animal Breeders, Columbia, MO 66205-1033

* No affected population
* No phenotype is used
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Proceedings, 10" World Congress of genetics Applied to Livestock Production

NGS-based Reverse Genetic Screen Reveals
Loss-of-function Variants Compromising Fertility in Cattle.

C. Charlier', W. Li', C. Harland'?, M. Littlejohn?, F. Creagh?,
M. Keehan?, T. Druet', W. Coppieters’, R. Spelman’ & M. Georges'
Unit of Animal Genomics, GIGA-R & Faculty of Veterinary Medicine, University of Liége, Belgium,
?Livestock Improvement Corporation, New Zealand.
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Data production

St 1009 Al Italian Holstein bulls: 800K SNPs

genotyping Software used: PLINK 1.9; GHap
HD-SNP 62,215 haploblocks; 445,042 haplotypes

phasing
and
haplotyping

VEP and

N an§:;:es 147,209 variants

Exome 18 bulls; 54Mbp

sequencing
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RUNS (Bos taurus + B. indicus):

1000 bull genomes project e 1682 animals
1000 bull genomes project consortium
Breed N.
radHBERE | S 70 breed Holstein 450
Fleckvieh 145
Angus 141
Brown Swiss 105




GENOTYPE FREQUENCY IN 1000BULL:

450 HOLSTEIN

HOM. 1 _ HOM. 2

5 27217392  T/CSplice variant

BUB1 11_1568943  G/A Splice variant 333 110 7 N.S
TECRL 6_81580936 T/C Missense 1 22 427 N.S.
UBR1 10_38335826 G/A Missense 3 55 392 N.S

8 out of nine candidate mutations not confirmed!



GENOTYPE FREQUENCY IN 1000BULL:

HOLSTEIN AND ENTIRE DATASET

K->Q at position 641
__

DLAT 15 22697929 C/A Missense Holstein 365 0.02*

DLAT 15 22697929  C/A Missense Sl 1594 88 0
- dataset

Allele frequency of derived allele in Holstein: 9.4%

Derived allele very rare in non Holstein breeds



| A APLOTYPE ALIGNMENT IN
oacrd Clore HETEROZYGOTES

= = reference allele Chr15_22679557-Chr15_22711644
~ = alternative allele Missens variant
- f'.?'ii'““““““TT,'.';“T";“';';T:T';T',TV?@?,Ut """" . S ———————

--------cChromosomes--------

CHR in cis CHR in trans
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- DLAT (dihydrolipoamide S-acetyltransferase) gene catalyses the
conversion of pyruvate to acetyl coenzyme A.

- Up-regulated in the endometrium of pregnant cows

- Expressed in mouse testis and associated with epididymal sperm
maturation and with sperm motility

- DLAT co-maps with two male fertility QTLs, one associated with
semen volume in Holstein and the second with scrotal
circumference in Angus.

- The deleterious missense variant changes the 641th amino acid
(over 647) in domain associated to energy metabolism.

- The mutation site is highly conserved across vertebrates

Ajmone Marsan et al. 18 EAAP 2017
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CONCLUSIONS




FINAL CONSIDERATIONS

Have we identified a recessive deleterious causal
mutation in DLAT gene?
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May be.........




ON THE TABLE.....

HOM. 1 _ HOM.2

UBR1 10 38335826 G/A Missense Holstein
UBR1 10 38396251  G/AlIntron  Holstein 0 167 283 8,307E-09%**
UBR1 10 38396251  G/A Intron Entire 0 513 1169

dataset
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Intron variant
I

. - CHRin trans CHRin cis
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