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About 41 M animals, the second largest cattle breed in the world




U %
v dual-purpose, mainly farmed in small herds (< 20 heads)

v About 90k registered cattle, 57% farmed in the mountainous

area of North-East Italy

v Average lactation (2022) = 7449 kg milk, 3.93 fat %, 3.42

protein %
v High fertility, low somatic cells, good beef performances

v Managed by the Italian Simmental Breeders Association



Some numbers
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The breeding plan

Programmed matings:
800 Bull dams (half genotyped) (Rk 95)
20 Sires of bull 80% geomic, 20%
progeny tested) (Rk 99)

L]

Evaluation ssGBLUP: g::dol_:::?o(:lva;roa:;ﬁﬁlizy ad
v’ milk, fat.%, pr.%, CCS functional ;raits
v beef traits

ssGBLUP genetic evaluation:

v
morphology v’ daily gain

v’ Fertility

: v size

v'Longevity v’ muscularity

Selection based on IDAS v Feet & legs
v'RFI

1

Selected on the basis of IDAS PT

Cow population I

subjected to DHI Best 25-30 YOUNG BULLS A.I.
C.F. _ v intensive use:35% A.IL
~ 65.000 cows v max age prod. semen: 30
months

v semen doses: max 7000
v/ 180 day distribution period

I v'Semen RK<80 destroyed




Protein kg
Fat kg

Muscling of cows
Weight at 12 month
Daily Gain of bulls
Muscling of Bulls
Feed Efficiency

Fertility

Longevity

Cell Somatic Count
Milkability

Udder
Feet & Legs

The selection index (IDAS)

] 10%
1 10%
1 9%

—————13%

10%
—

17%
16%

A. Cesaran i
Dipartimento di Agraria

v'33% milk
v'20% meat

v'15% morphology

v'32% fitness




The genomic revolution

el Copyright © 2001 by the Genetics Society of America

nce Prediction of Total Genetic Value Using Genome-Wide Dense Marker Maps

T. H. E. Meuwissen,* B. J. Hayes' and M. E. Goddard"*

* Research Institute of Animal Science and Health, 8200 AB Lelystad, The Netherlands, tVictorian Institute of Animal Science,
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ABSTRACT
Recentadvances in molecular genetic techniques will make dense marker maps available and genotyping
many individuals for these markers feasible. Here we attempted to estimate the effects of ~50,000 marker
haplotypes simultaneously from a limited number of phenotypic records. A genome of 1000 ¢M was
simulated with a marker spacing of 1 ¢M. The markers surrounding every 1-cM region were combined into
marker haplotypes. Due to finite population size (N. = 100), the marker haplotypes were in linkage disequilib-
rium with the QTL located between the markers. Using least squares, all haplotype effects could not be
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Genomic selection in Italian
Simmental: some milestones

v'2009 SELMOL project:
v'National bulls genotyping

v'Development of a genomic evaluation
procedure based on PCA

v'2011/03 genotype exchange with DE /AT

v'2011/11 INT]

CRBULL G-

JELKL/

LBV validation test passed

v'2011 Start of the genomic selection programme




The curse

of dimensionality N<<P

v’ About 480 national top bulls

genotyped in the S

CLMOL project

v Compression of SNP genotype information using
dimension reduction techniques

v'Multivariate techniques as PCA or PLSR
suggested for GS (Solberg et al., 2009; Macciotta et

al., 2010)




The curse of dimensionality

1N, o
_ﬁﬂ ' J. Dairy Sci. 95:3390-3400

N 5’3 http://dx.doi.org/10.3168/jds.2011-4274

%_\!,_@@* © American Dairy Science Association®, 2012.

Prediction of genomic breeding values for dairy traits in Italian Brown

and Simmental bulls using a principal component approach

M. A. Pintus,* G. Gaspa,* E. L. Nicolazzi,T D. Vicario,I A. Rossoni,§ P. Ajmone-Marsan,t A. Nardone,#
C. Dimauro,*and N. P. P. Macciotta*'
*Ninartimantn di Srianza 7Znnternicha | nivercita di

Journal of

o

J. Anim. Breed. Genet. ISSN 0931-2668
ORIGINAL ARTICLE

Use of different statistical models to predict direct genomic
values for productive and functional traits in Italian Holsteins

M.A. Pintus’, E.L. Nicolazzi?, 1.B.C.H.M. Van Kaam?, S. Biffani3, A. Stella*®, G. Gaspa', C. Dimauro' &
N.P.P. Macciotta'

Breed SNP| PC | Exp.

variance
Holstein 40,658 2,564 80%

Brown 37,254 2,257 80%
Simmental 40,179 2,476 70%

SNP (-1,0,1)

Estimation of PC
score effects

§

DGV calculations




The curse of dimensionalitv

PINTUS ET AL.

Table 3. Squared correlations between genomic breeding values obtained using principal component scores
(PC_BLUP) as predictors, or SNP genotypes with a BLUP (SNP_BLUP) or Bayes A (BAYES_A) methods,

or pedigree indexes (PI), and polygenic EBV for different scenarios in the Simmental breed’

Estimation method

Scenario/trait PC_BLUP SNP_BLUP BAYES_A PI
Ref:Pred 70:30
Milk yield 36.6 35.4 35.8 34.5
Fat yield 34.3 33.8 33.9 33.3
Protein yield 35.3 34.1 34.4 34.1
SCC 20.1 20.4 20.3 20.5
Fat percentage 14.8 15.0 14.7 15.4
Protein percentage 20.2 19.0 19.4 21.0
Ref:Pred 80:20
Milk yield 36.7 35.3 35.7 33.1
Fat yield 31.2 30.0 30.3 28.8
Protein yield 33.0 30.6 31.0 30.5
SCC 20.3 20.5 20.6 20.6
Fat percentage 12.7 14.9 14.1 15.9
Protein percentage 17.9 16.5 17.4 16.9
Ref:Pred 90:10
Milk yield 36.6 30.4 31.8 24.8
Fat yield 29.4 27.3 27.8 23.4
Protein yield 32.7 24.0 25.1 20.5
SCC 18.2 18.3 17.8 18.2
Fat percentage 5.2 6.0 5.5 7.0
Protein percentage 11.9 15.2 13.3 15.0

'Ref:Pred scenarios = ratio between number of animals included in the reference and prediction populations,
respectively.




Beef traits

Use of principal component approach to predict direct genomic

Table 2. Correlation coefficient between EBV and direct

breeding values for beef traits in Italian Simmental cattle! genomic breeding values (DGV) of average daily BW
G. Gaspa,*2 M. A. Pintus,* E. L. Nicolazzi, D. Vicario,§ gain (ADG), feet and leg score (FLS), calving ease
A. Valentini,# C. Dimauro,* and N. P. P. Macciotta* direct (CED), beef index (BI), muscularity score (MS),

size score (SS), and cow muscularity (CWM) for 4
estimation methods tested and 3 composition ratios of

Genomic prediction by pri reference/validation (REF:VAL) set
09 - PC-
0.8 gttt T M S . PC- 1 BLUP_ R- . BAYES .
07 | e TR S e [ ADG Trait ' BLUP!  EIGEN  BLUP A TpapByv
~ 06 [ o 5 0——© —FLS REF:VAL 70:30
Qo5 x/‘\‘\*w/*_*_* —5-CED ADG 0.39 0.39 0.43 0.41 0.24
@ = _o—o |—O—BI $S 043 0.44 0.49 0.50 0.19
04 ie——f_':f,an—of—* —— —m-MS MS 0.73 0.67 0.73 0.73 0.72
03 o— S |—wSE FLS 0.72 0.73 0.70 0.72 0.61
0.2 - O - - s CWM BI 0.63 0.59 0.67 0.67 0.64
01 g7 CED 023 0.27 0.18 0.23 -
0 - Y J y v ) T T CWM 0.80 0.73 0.80 0.81 -
50 55 60 65 70 75 80 85 90 95 REF-VAL 80-20
Mo E e e e e ADG 0.36 0.35 0.45 0.39 0.23
Figure 2. Pattern of correlation (rggypgy) between EBV and direct SS 0.47 0.47 0.53 0.53 0.08
genomic breeding values (DGV), as function of percent of variance explained MS 0.67 0.64 0.70 0.72 0.71
by the principal components (PC) for 7 meat traits using PC-BLUP (FLS = FLS 0.74 0.70 0.74 0.76 0.63
feet and leg score, CED = calving ease direct effect, BI = beef index, MS = BI 057 054 0.66 0.64 0.64
muscularity score, SS = size score, CWM = cow muscularity). CED 0.23 027 0.20 020 _
CWM 0.85 0.84 0.83 0.85 -
REF:VAL 90:10
ADG 0.53 0.51 0.58 0.54 0.24
SS 0.53 0.53 0.61 0.60 0.21
MS 0.81 0.79 0.78 0.81 0.71
FLS 0.85 0.84 0.79 0.83 0.60
BI 0.74 0.71 0.75 0.76 0.64
. CED 0.24 034 0.22 027 - I—

CWM 0.83 0.81 0.81 0.83 -

T



Multi-breed approach

Animal, page 1 of 12 € The Animal Consortium 2018 .;mim;_]_l
o 10,401 951 751 7301 MOGISTE

Multiple-breed genomic evaluation by principal component
analysis in small size populations

G. Gaspa'', H. Jarjani®, C. Dimauro’, M. Cellesi’, P. Ajmane-Marsan®, A. Stella® and
M. P. P. Macciotta'
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| Genomic selection in Italian Simmental:
some milestones - bi

v'2011 INNOVAGEN

v'2012 GENE2FARM

v'2012 Genotype exchange with Czech republic
v'2014 Genotype exchange with Switzerland
v'2014 ONESTEP project start

v'2015 change from PCA to SNP-BLUP

v'2016 adoption of ssGBLUP

o r o
v2018 DUALBREEDING =X

breeding
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Genomic information allows for more accurate breeding values

for milkability in dual-purpose Italian Simmental cattle

A. Casarani, o A, Gargia,'® J. Hlﬂillgo L. Dugtnu D. Vicario,” N. P. P. Macciotta,” © and D. Lourenco’
DEDHI’"FL‘ﬂ' of Animal and Jill’"%:lﬂ":! UI’"IUEI’\.O“(IEEI’QI;I Amens, 30602

“panociarions Nazionale Alevaion Pezzala Rosss [laliana (ANAPRI), 33100 Udine. Haly
"Depariment of Agricultural Sciences, Univwersity of Sassar, 07100 Sassari, Haly

Table 1. Statistics from the linear regression (LR) validation

The international journal of animal biosciences

Contents lists available at ScienceDirect

Animal

Strategies for choosing core animals in the algorithm for proven and

LR statistic BLUP ssGBLUP! young and their impact on the accuracy of single-step genomic i
predictions in cattle
Bias —0.005 —0.006 L - o . _
Dispersion 0.87 0.88 A. Cesarani*”*, M. Bermann °, C. Dimauro®, L. Degano , D. Vicario “, D. Lourenco °, N.P.P. Macciotta®
i : 2 Dij di A ia, Unil a di S i, 07100 S i, ftal;
ACCUI‘&C)I 0.29 040 "Dle‘_;r::g;':onf;n?nﬁ?indnégggae;f?s Sglwmuy nfa?;ﬁrrigz’;a;‘osoz Athens, GA, USA
Correla.tion O 71 0 81 “Associazione Nazionale Allevatori Pezzata Rossa Italiana (ANAPRI), 33100 Udine, Italy
2 . )
]'ncphen (%) 41 24
'ssGBLUP = single-step genomic BLUP.
2I_ncphen = relative increase in accuracy. ) )
e e mernny eeme —medfi, C. Dimauro et al Animal 17 (2023) 100766
Table 5
Accuracies of predicted breeding values estimated in the different scenarios for the simulated and cattle datasets in terms of correlation (and 95% confidence interval).
Simulated Simmental
Scenario Core definition Trait 1 Trait 2 Trait 3 Milkability
ssGBLUP 0.73 (0.70-0.76) 0.77 (0.74-0.79) 0.76 (0.73-0.79) 0.83 (0.79-0.86)
ssGBLUP APY
V90 Bottom 0.62 (0.58-0.66) 0.66 (0.62-0.69) 0.59 (0.55-0.63) 0.71 (0.65.0.76)
Top 0.38 (0.33-0.43) 0.42 (0.37-0.47) 0.41 (0.36-0.46) 0.60 (0.53-0.67)
Random 0.50 (0.45-0.55) 0.60 (0.56-0.64) 0.49 (0.44-0.54) 0.63 (0.56-0.69)
Va5 Bottom 0.68 (0.65-0.71) 0.69 (0.66-0.72) 0 61 (0.57-0.65) 0.73 (0.67-0.78)
Top 0.48 (0.43-0.53) 0.50 (0.45-0.55) 44 (0.39-0.49) 0.69 (0.63-0.74)
Random 0.53 (0.48-0.57) 0.59 (0.55-0.63) 0 62 (0.58-0.66) 0.71 (0.65.0.76)
VI8 Bottom 0.71 (0.68-0.74) 0.74 (0.71-0.77) 0.70 (0.67-0.73) 0.79 (0.74-0.83)
Top 0.57 (0.53-0.61) 0.58 (0.54-0.62) 0.49 (0.44-0.54) 0.77 (0.72-0.81)
Random 0.67 (0.63-0.70) 0.71 (0.68-0.74) 0.67 (0.63-0.70) 0.78 (0.73-0.82)
V99 Bottom 0.71 (0.68-0.74) 0.75 (0.72-0.78) 0.70 (0.67-0.73) 0.81 (0.77-0.84)
Top 0.60 (0.56-0.64) 0.63 (0.59-0.67) 0.55 (0.51-0.59) 0.78 (0.73-0.82)
Random 0.70 (0.67-0.73) 0.74 (0.71-0.77) 0.72 (0.69-0.75) 0.80 (0.76-0.84)

[ Abbreviations: ssGBLUP = single-step genomic BLUP; APY = algorithm for proven and young animals; Bottom = animals with lowest values of contribution to the genomic

relationship matrix; Top = animals with highest values of contribution to the genomic relationship matrix; Random = animals randomly selected.
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GENOMIC
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112 Progeny tested GENOMIC
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| INBREEDING TREND

Pedigree Genomic standardized
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Variation of EBV reliability during a bull career

birth




ROH & Genomic inbreeding

ANIMAL GENETICS Dirasitmma

dod: 1011115312253

Analysis of runs of homozygosity and their relationship with
inbreeding in five cattle breeds farmed in Italy

Gahbriele Marras*®, Giustino Gaspa*®, Silvia Sorbolini®, Comado Dimawro®, Pando ipﬂun:-Mnrsaﬂ'.
Alessia Valentini®, John L. Williams® and Nicola P. P, Macciotta®

=Dysarkrients & dgrani Seaone Seense Zovkorndhe, Unierith of Sisna s, Sainan OF w30, by "hbtute d Doaeiress. Unbeoritd Callokea
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0.8 » Brown
0,6 - m Holstein
0.5 Marchigiana

0,3 0 Piedmontese

0,2
00 I_|—I._F.-_.—_-n

0 ™ b © ©
Q}Q\ @\ob (60&- ‘Qt:\ \6;\

® Simmental

Frequency

class of Length of ROH



ROH & Biodiversity

ORIGINAL ARTICLEF [ WILEY

Genome-wide analysis of homozygosity regions in european
simmental bulls

Alberto Cesarani'? Glusting Gaspa® 0 | Alredo Pavclulls’ @ | Lorenzo Degano® |
Damicls Vicario® | Nicali P, P. Macciotta'

TABLE 3 Number of private ROH per country of birth (on the
diagonal), number of ROHs shared by all pairs of country (above the
diagonal) and spearman rank correlation between shared ROH between
all pairs of country (below the diagonal)

(Jnuntry*

AT CH CZ DE IT
AT 7,915 254 205 885 3,980
CH 0.18 10421 191 336 1,896
CZ 0.33 0.12 5,163 250 2,420
DE 0.65 0.22 0.38 11,421 7.466
IT 0.67 0.24 0.44 0.74 57,306

TAT = Austria (n =351), CH = Switzerland (n = 215), CZ = Czech Republic
(n = 248), DE = Germany, (n = 550) and IT = Italy (n = 2,481).

t~ v

dualbreeding

ROH feature
nROH? (n)

average
SD
Maximum
Mean length (Mb)
Average
SD
Maximum

Mean length, SNP
(n)

Average

SD

Maximum
Total length (Mb)

Average

SD

Maximum
Total length, SNP (n)

Average

SD

Maximum

Country*

AT CH CZ DE IT
80.62% 114.428 56.02¢ 81.974 77.47°
15.53 11.7 13.11 15.53 15.23
116 147 92 131 139
2.424 2.83" 2.16° 2.40% 2.454
3.01 3.58 2.93 2.98 3.24
65.67 97.8 64.34 72.62 92.02
38.65" 45.518 34.3¢ 38.46" 39.12%
47.88 56.93 47.24 47.19 51.55
1,089 1596 1,019 1,167 1,242
195.29% 323.878 121.25¢ 197.09* 189.76"
55.82 73.59 60.57 55.67 66.37
458.43 579.54 433.89 432.24 720.2
3,116.43% 5206858  1921.390¢  3.152.53*  3,030.87*
903.25 1,193 979.05 898.2 1,073.03
7,488 9,250 6,913 7,104 11,599




PCA of genomic relationship matrix of
italian dual-purpose cattle breeds
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| Residual feed intake

S Mean+PSD | CI95%
Heritability 0.293+0.147 0.052 - 0.580

BLUP 0.72 -0.01
ssGBLUP 0.74 -0.01 1.17

(%]




| Genomic selection in Italia
Simmental - lights

vImpact in the genetic trend
v'Development of a in house GS method

v'Strong collaboration with other
European Simmental populations

v'Training of young scientists







