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Soddisfare una domanda in crescita

Millions Metric Tons
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Sfide che la zootecnia deve affrontare

Total Meat Production by Model:
Global, Developed, and Developing
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Adattarsi ai cambiamenti climatici

Milk
Yield 30 kg
N150 g

yP27¢g

Mitigare i cambiamenti climatici

Urine/Faeces
N 340 g (69%)

M P49g (64%)

Daily Input &
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Average Cow |
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Genetica: da dove siamo partiti
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Verso |'utilizzo del DNA
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Selezione tradizionale

Parentele

Modello

v

Fenotipi

Fisher

infinitesimale di

BLUP, Test d/ \l
-

Architettura

genetica
dei caratteri
complessi

- UNIVERSITA
£: CATTOLICA

>#  del Sacro Cuore
AN

Parametri

///////' genetici
T EBV

!

Ag/anno =

I X Acc X Og

L




Selezione tradizionale
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Trend genetici per latte, grasso e proteina
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Evoluzione dell'indice di selezione nella Frison? B s
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ltaliana
Carattere ILQ ILQ ILQM PFT PFT
1989-1990(1991-1993 2002-2009| 2009-
Latte kg 0 -27 -21 0 0
Grasso kg 33 6 5 12 8
Proteina kg 67 67 54 42 36
Grasso % 0 0 0 2 2
Proteina % 0 0 0 3 3
Tipo 0 0 4
Mammella 0 0 20 13 13
Arti e Piedi 0 0 0 6 6
Cellule 0 0 0 10 10
Longevita 0 0 0 8 8
Fertilita 0 0 0 0 10




Dove siamo
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Frisona, Indice Economico Salute (IES) (2016)
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IES = 0,32 * grasso kg + 1,37 * proteina kg + 0,043 * grasso% * 100 +
0,0188 * proteina * 100 - 5 * statura + 4 * locomozione +
1 * profondita mammella + 20,51 * (longevita — 100)/5 +
6 * ((scs-100)/5,7) + 18 * (fertilita -100)/5 + 3,35 * ((bcs-100)/5) +
3,51 * ((facilita parto materna -100)/5)

che determina un rapporto tra produzione, morfologia e funzionalita pari al 39:10:51

PRODUZIONE PESO MORFOLOGIA PESO FUNZIONALITA PESO
Grasso 8 Statura -5 Longevita 20,51
Proteina 27,62 Locomozione 4  Cellule Somatiche 6
Grasso % 1| Profondita Mammella 1  Facilita Parto Vacca 351
Proteina % 2 Fertilita 18

Body Condition Score 3,35

IES IES 39:10:51

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mProduzione mMorfologia CFunzionalita mFertilita
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Nuovo millennio: era del DNA
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Single Nucleotide Polymorphisms (SNPs)

Mutazioni puntiformi in specifiche posizioni lungo il genoma

A

...CCGTATCTAG GmﬁT GTACAATCTTG...
C

...GGCATAGATCC ACATGTTAGAAC...

...CCGTATCTAGGT, GTACAATCTTG...
...GGCATAGATCCA\GJACATGTTAGAAC...

Analisi su chip/microarray
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Selezione genomica: un cambio di paradigma

Selezione tradizionale: Selezione genomica:
Raccolta di fenotipi di molti Raccolta di fenotipi di molti animali per

animali parenti per stimare il stimare parentela e il valore di marcatori e
valore dell’intero genoma di aplotipi nell’intera popolazione
un toro o di una vacca

Copyright © 2001 by the Geneics Society of America

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, *Victorian Institute of Animal Science, Attwood 3049, Victonia, Australia
and nstitute of Land and Food Resources, Untversity of Melbourne, Parkville 3052, Victoria, Australia

Manuscript received August 17, 2000Accepted for publication January 17, 2001

ABSTRACT

Recent advances in molecular genetic techniques will make dense marker maps available and genotyping many individuals for these
markers feasible. Here we attempted to estimate the effecs of ~50,000 marker haplotypes simultaneously from a limited number of
phenotypic records, A genome of 1000 cM was simulated with a marker spacing of 1 eM. The markers surrounding every 1M region
were combined into marker haplotypes. Due to finite population size (Ne = 100), the marker haplotypes were in linkage disequilibrinm
with the QTL located between the markers. Using least squares, all haplotype effects could not be estimated simultancously. When only
the biggest effects were included, they were overestimated and the accuracy of predicting genetic values of the offspring of the recorded
animals was only (.32, Best linear unbiased prediction of haplotype effects assumed equal variances associated to each 1M chromosomal
segment, which yielded an accuracy of .73, although this assumption was far from true. Bayesian methods that assumed a prior
distribution of the variance associated with each chromosome segment increased this accuracy w (.85, even when the prior was not
correct, To was concluded that selection on genetic values predicted from markers could substantially inerease the rate of genetic gain in

animals and plants, especially if combined with reproductive techniques to shorten the generation interval.
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Selezione Genomica
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Great impact in (dairy cattle) breedin
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environmental footprint than in 1944, By the numbers:

fu. ] The story of U.S dairy farming in the past 70 years has been shaped
T hen by the science of breeding and feeding. Today, even though more
a I ry & N ow milk is produced overall, it requires fewer cows and has a lower

Gallons of Milk Produced
per Cow per Year

Total Milk Production 1 4 Billion Gal. 22 Billion Gal.

From 1944, there has been a 41% reduction in the carbon footprint of the dairy industry

10a4, modommix 2 1% | 23% [35% [10% =hoitinon

production requires of the animals | of the feed | of the water | of the land kg of milk
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Efficienza e impatto

o

Produzione di latte ed emissioni di metano
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Courtesy of Phil Garnsworthy
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Processi industriali; 33,9;
8% Transporti;

102,5; 24%

Rifiuti; 18,0; 4%

Agricoltura;

29,7; 7% Agricoltura: 29.7 Mt CO,-eq

Zootecnia: 23.7 Mt CO,-eq
Bovino da Latte:12.5 Mt CO,-eq
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1000 bull genomes project

1000 bull genomes project consortium

PR | ryens

P22y e C
G[NOM[ 10K.




UNIVERSITA
CATTOLICA

del Sacro Cuore

Dal genoma al Pangenoma

Previous human genome reference

New human genome reference(s)
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Gene editing I

Making the cut

CRISPR genome-editing technology shows its power

Breakthrough of the Year, 2015
DL‘ l(‘l IL‘Lh ~aihiat ~' -
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And Science’s 2015 Breakthrough of the Year is...
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P . : La mutazione SLICK & insorta naturalmente in
A 1 - Wild type

bovini di razza Senepol del Sud America.

SLICK induce un cambiamento nel gene del
recettore per la prolattina che conferisce
un‘aumentata tolleranza alle temperature
elevate.

=D e _[o//rll.a/ of %
g Dairy Science’

2’ frontiers ORIGINAL RESEARCH
in Genetics putihad: 24 February 2018
. 0ok 10.3389/1gena. 2

Wiczal Jouarm

L00 Articies and Issues ~  ForAuthors ~  Joutnalinfo ~ Media Subscribe ADSA ~  ADSA Meeting Abstracts

A=A | [All Content ] | Search | agvances Search

< Cravious Adichs Journal of Dairy Science Nexd Arbcle >

Convergent Evolution of Slick Coat in Avcs n Pren
Cattle through Truncation Mutations

in the Prolactin Receptor The SLICK hair locus derived from Senepol cattle confers

Laercio R. Porto-Neto!, Derek M. Bickhart?, Antonio J. Landaeta-Hernandezs, 1 svelv P : ~tol
st Sepeilrorioatiopirti i, Sty i thermotolerance to intensively managed lactating Holstein cows

Steven G. Schroeders, Eui-Soo Kim, Jiajie Sun'', Edward Crespo?, Norman Amatis, L I L
John B. Cole®, Daniel J. NuiP, Jose F. Garcia*~*?, Antonio Reverter’, William Barendse* ¥-Dikmen. EA Khao', H tusor', 1.2_Jonstesas. L1 Moss. G.E_Daty. Pl bansen™
and Tad S. Sonstegard™*

Accademia dei Georgofili, Firenze, 14/11/2024
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Morfologia e fisiologia

v"Heat Tolerance v Tuberculosis Resistance
* Gene: PRLR * Gene: IFI16
~Target: SLICK1, SLICK2, SLICK3, SLICK4, SLICK5 ~Target: Zebu Allele
/' Milk Production * Gene: IL1A
. Gene: GHR - Target: Zebu Allele Tad Sonstegard
* Gene: DGAT * Gene: IRF3 @ recombinetics™
»~Target: High Milk Allele ~Target: Taurus, Zebu Allele, Recombinant
/ Size/ Fertility , G:::I:ENODZ
" Gene: PLAGT , . ~ Target: Taurus, Zebu Allele, Recombinant
~Target: Small stature / High Fertility Allele
v Trypanosoma Tolerance * Gene: MARCO
* Gene: DHRS4 ~Target: Taurus Allele, Deleterious Allele
" Gene: FDX2 * Gene: NLRP3
~Target: Tryps Tolerance ~Target: Zebu Allele



Nuovi obiettivi di selezione




NIVERSITA
ATTOLICA

el Sacro Cuore

G

Obiettivi vecchi e nuovi
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— Adattamento <«

<
<

* Benessere animale — " >tress

— Salute <«

— Antibiotici <

* Impatto ambientale > Gasserra «+——

—> Efficienza <

e (Qualita » Caseificazione <




Nuovi fenotipi
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Nuovi fenotipi
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L/ v, J. Dalry Scl. 100:2433-2453
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This is an open access anicke under the CC BY-NC-ND feense (hep-creativecomr]  INVIted review: Large-scale indirect measurements for enteric methane
Persistence of differences between dairy cows Categrl emissions in dairy cattle: A review of proxies and their potential

as low or high methane emitters, as estimated from for use in management and breeding decisions
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;u ‘-‘r,,;‘..@*‘ © American Dairy Science Association®, 2015.
o] . . . D
50 milioni di spettrl Hot topic: Innovative lactation-stage-dependent prediction L
of methane emissions from milk mid-infrared spectra
! Potential use of milk mid-infrared spectra to predict
| My = individual methane emission of dairy cows
2 4] ’
3 Published online by Cambridge University Press: 28 February 2012
r
IEellima
1 Nv‘;’a’:lbe’:udn':’b";e(c(fn”_'i;) F. Dehareng, C. Delfosse, E. Froidmont, H. Soyeurt, C. Martin, N. Gengler, A. Vanlierde and
P. Dardenne Show author details v
© il [P m
Metrics

Acidi grassi, Lattoferrina, Dimensione globuli di grasso, emissioni
di metano, ingestione di sostanza secca
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CERZOO

CENTRO D RICERCHE PER LA ZOOTECNIA E UAMBIENTE

Sensori Meter: =341
Podometri
Ruminometri
Telecamere

RFID Tag Reader

Head Position Sensor

CH, and CO,
Sensors
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Landscape genomics ‘

Comprendere i meccanismi molecolari che sottendono I'adattamento degli animali domestici alle
variazioni ambientali & un fattore chiave per lo sviluppo di un'agricoltura “climate-smart”.

Coanalisi integrata

Landscape
genomics

Adattamento
B/A
A/A
A/A

Hot climate

La “Landscape genomics” cerca di spiegare il pattern spaziale di distribuzione della variabilita genetica in
relazione all’adattamento locale all'ambiente (Joost et al., 2003).
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Landscape genomics

HepopaS

Chr. Gene Position (bp) Gene Size (kb) SNP Fsr |zl Score” Max Wald®
Adaptations to Climate-Mediated Selective Pressures in Sheep — ! EVs CHSTIB-GI1INNGA 23350 OARY_73673800 055 535 1551
— 2 FBXO8 105386295-105423924 37.63 OAR2_113355547 037* 9.74 17.59
— 2 CHN1 134023000-134022999 7092 OAR2_142314137 029" 5.42 14.37
T id 2, &S5 1 . 6,7 ; .2 s 8
Feng-Hua Lv," Saif Agha,>® Juha Kantanen,*® Licia Colli,®” Sylvie Stucki,” James W. Kijas, OAR2_143195752 046 548 15.62
Stéphane Joost,” Meng-Hua Li,*' and Paolo Ajmone Marsan®’ — 2 ACVR2A 160457581-160549550 91.97 OAR2_170004218 035" 699 15.06
: — 2 NMUR1 232366028-232483197 117.20 574305 051" 11.20 16.41
OAR2_245260141 0.32* 871 17.33
OAR2_245638268 039* 835 14.93
Volume 31  Number 12 # December 2014 OAR2_245680195 0.42* 10.37 14.57
— 5 IL12RB1 4854306-4869950 15.64 s33778° 035™ 540 15.87
8 geni coinvolti nella — ARHGEF18 13935201-14021434 86.23 s48780° 038" 802 1488
O I E‘ l l I AR m— 10 ALOXSAP 30365435-30388526 23.09 518834 084" 879 17.66
regolazione endocrina e si083 o7 861 1045
12004 0.54** 7.06 14.67
TOI OGi AND d | . . . . OAR10_30746533 0.70* 724 17.37
el sistema immunitario. — 10 EDNRB 53508345-53534498 2615 OAR10_53694894 023* 683 19.21
L TI N OAR10_54710595 033" 5.46 17.06
e — 15 THY1 29450455-29452173 172 513895 0.36* 674 16.08
02747 038* 638 15.70
— 15 ARAPT 50442784-50529042 86.26 OAR15_55184101¢ 063" 7.54 15.70
— 19 XCR1 53235736-53236748 101 518532 061" 860 18.16
9 geni Coinvolti nel OAR19_56419475 027" 525 16.21
— 19 CXCR6 $3290059-53291081 102 518532 061** 860 18.16
meta bOl |Smo en er et|CO OAR19_56419475 0.27* 5.25 16.21
g . — 19 CR9 $3333188-53340782 7.60 518532 061** 860 18.16
OAR19_56419475 027* 525 1621
— 20 PRL 34258080-34266415 834 OAR20_37437726 057" 954 19.18
539515 0.62** 9.90 19.15
— 2 PLCE1 15009437-15337740 328.30 OAR22_18841208 X* 0.46** 824 14.55
OAR22_18876523 053* 7.75 16.38
OAR22_18929579 047" 590 15.00
OAR22_19052408 0.44* 5.89 1691
— 27 TBCID12 15398171-15490853 92.68 OAR22_18841208_X 0.46* 824 1455
OAR22_18876523 053" 7.75 1638
OAR22_18929579" 047 590 15.00
OAR22_19052408 0.44™ 5.89 16.91

@ Standing variation as source of adaptive changes
“Based on the Fsr-based selection test between the 2 groups of 11 populations (see Materiaks and Methods).

®Based on the LFMM test (Frichot et al 2013).

“Based on the spatial analysis method (Joost et al 2007).
“SNPs within genes

Significant at the level of *P <005 and *P <0.01.
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Central Italian
Europe White Cattle Africa Asia

-

B tourine oncestry M indicine ancestry [ uncertain ancestry

BSW-GIR |}
Bsw—LoH
BSW—THA
HFD—GIR
HFD— LOH
HFD—THA
FLV-GIR
FLV—LOH
FLV—THA

Reference breeds

0.5 step=05

AWI_score exp

1N N CASNY [ O S Y Sy [ |

000 014 028 042 056 070

www.nature.com/scientificreports

SCIENTIFIC
REPORTS

natureresearch

OFEN Adaptive introgression from
indicine cattle into white cattle
breeds from Central Italy

Quattro geni candidati
KLHL36 = funzione ignota
Mario Barbato!*, Frank Hailer?, Maulik Upadhyay?*, Marcello Del Corvo’, Licia Colli*, US P 1 0 9 gl ucone Oge nes |

Riccardo Negrini?, Evi-Soo Kim®, Richard P. M. A. Crooijmans?, Tad Sonstegard® &

Paclo Ajmone-Marsan’ KIAAO513 e FAM92B -2 efficienza alimentare

Mario Barbat:
(UNICATT)
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Biologia dei sistemi
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* Primipare e secondipare
NIVERSITA

e Stesso stadio di lattazione (30-60 DIM) all’inizio dell’esperimento
ZASISS  del Sacro Cuore
L] i YEpioun
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CATTOLICA
Stessa dieta

T sjuc?

Centro di ricerca Romeo ed Enrica Invernizzi
per le produzioni lattiero-casearie sostenibili

B FONDAZIONE
e Collezione sistematica di dati sugli animali (sensori, greenfeed etc.) IT INVERNIZZI

e Collezione sistematica di dati ambientali in stalla

* Sangue, latte, liquido ruminali e feci raccolte ogni 2 settimane e durante picchi di temperatura
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Nuovi modelli
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HEH s 551 LOGS TIPES_ e

_.| TRIGGER = - - . . . -
unincep WESS T DEWTTT Dairy Brain - a continuous decision making engine

PEHBHESAM[]UNI - :VAﬂlETY = o

mli:i"}ir&n

T00LS }N&&?hﬁﬂs‘@” o Pl [&S%EF?WM e sy MOE g
-l =g HUSIHESS 5
) SHARING cire N = T 22 s:mq PH[][:ESSINBY -
STORA [; E [ =T 2 s, S5 A s A @
W-ﬂ.duf’v WUEESSM ; - % 2 accessed at farm via web

CHALLENGES 1% wmy
- = RELATIONAL sy 2 STATSTES 552l
aﬁ'ﬁi’ﬁgam M e o
g’ :‘35 l)ﬁ= LA ";’;" s - . . . . |’ I: &
sy § o SIS S 7 W e Dieta di precisione
S Y S T E M S SZ . . Analytic services 4 Farm data from multiple
* Monitoraggio del benessere . T CV—
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