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Selection for production has had astonishing results

1950 2021

1746 litres/year 7069 litres/year (DataGene stats 2021/22)
350 kg liveweight 600 kg liveweight
5.6 litres/kg liveweight 11.8 litres/kg liveweight

Doubled efficiency through dilution of maintenance
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Average Fertility Breeding Value in Australian Holstein Bulls
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Genetic improvement of feed efficiency

What is feed efficiency? What happens to feed?
» Feed efficiency can be defined as the
fraction of feed energy captured into Gross energy Nstienergy Energy captured as
prOdUCtS (vandeHaar et al_’ 2016) of feed T’ of feed T’ milk or body tissue
. . Energy lost as feg:es, gas, urine, Energy lost as heat
* Almost doubled in most countries over and heat for digesting and for maintenance
1 OO years metabolizing feed
« Efficiency peaks at 4x maintenance, .
which is 45kg/d at 3.5% fat for 680kg i ' | ]ou}r_nalofDoiry Science
cow (Huhtanen et al. 2009) SEVIER S

Harnessing the genetics of the modern dairy
cow to continue improvements in feed
efficiency !

MJ.VandeHaar * @ =, L.E. Armentano T, K. Weigel T, D.M. Spurlock *, R.]. Tempelman *,
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Residual feed intake (RFI)

RZ2;=0.85

3. Observed DMI

= M + by*Milk Energy ) S . . .
. L i A Residual Feed intake is
+ by* ABody Energy } RFI- Actual — predicted DM intake
+ cohort IR <UD

25-
+ parity

+ DIM

+ RFI

Observed DMI kg
N
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Efficient (eat less than predict)

15 20 25 30
Predicted DMI from milk energy, BWT, body
energy change, cohort, DIM, and parity
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Langhill

« 50 years of 2
Genetic lines on 2
diets

* Feed intake and
feed efficiency

Australia and NZ

 Feed efficiency in
growing heifers

 Feed efficiency in
lactating cows

 Feed Saved ABV
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Outline of my talk

Worldwide

« State of the art feed
efficiency genomics
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& © Quantitative geneticist
: . « 3 passports: UK, New Zealand and Australia
- — PhD in Edinburgh + 3 years at SRUC
— Livestock Improvement Corp (N2Z) in 2000s
— State Gov’t Victoria from 2008 to now
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What happens when we select for only milk yield?

* Langhill experiment
— 2 lines
— 2 diets
— Same selection for 50 years

« There are a number of correlated responses

SRR
XGRS e

— G5 o) DA TA . . .
y S oy Livestock Production Science ABF
; Volume 57, Issue 3, 1 February 1999, Pages 193-201
- -
— Mastitis

ELSEVIER

Genotype and feeding system effects and

— Lameness interactions for health and fertility traits in
. dairy cattle
- Condltlon SCOre Jennie E. Pryce 0,, Birte L. Nielsen * %, Roel F. Veerkamp ? %, Geoff Simm

Show more v

+ Add to Mendeley <« Share 39 Cite

https://doi.org/10.1016/S0301-6226(98)00180-8 A Get rights and content 2
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Body condition score 2 < o

low concentrate control (- -) low concentrate select (- m -), SRUC
high concentrate control (-®-) high concentrate select (- ¢-). =1
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Residual feed intake

Challenges.... Example
Dealing with condition score loss correctly
is one of the Iqlg challenges in defining WAGENINGEN
residual feed intake properly Feed efficiency UNIVERSITY & RESEAREH
CRVD
* Recording of individual feed intake in
. . research and commercial farms
KnOWIng the consequences Of seIeCtlng : E(Ie(\:/::ldt:(i)r:lssandcowsin reference
on residual feed intake or any new trait is population for genormic evaluation for dry
important| » Cooperation between WUR and CRV
Research Farm Dairy Campus, NL
A lot of effort in measuring feed intake
globally
13
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Progeny testing

Reliability
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160

80-100
aughters

required to get
reliabilities >50%

-==Health Production

180 200 220 240 260 280 300
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Genomic selection the game changer

Contribution to
Flroi A0 global GDP worth
billions through plant
and animal breeding

2001 Genomic 2008 Commercial

selection invented SNP chips widespread adoption

by dairy industry




Genomic selection the game changer

JOURNAL ARTICLE
Prediction of Total Genetic Value Using Genome-
Wide Dense Marker Maps @

T H E Meuwissen ™=, B J Hayes, M E Goddard

Australian genetic trends (Holstein) XX World firsts!

Genetics, Volume 157, Issue 4, 1 April 2001, Pages 1819-1829,

https://doi.org/10.1093/genetics/157.4.1819 400 }DairyBio :L\” , ASmcuTUR A ?SSBB\;‘SFI{(R )i:ZSustamnbvll!v Index |
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Feed Saved ABV

} DairyBio

— ZACMNEVAONES

am 2020-2021

(. 3x heifer cohorts ) (. International collaboration\
(Rutherglen 2009-2011) « Individual feed intake
* 900 heifers in Australia * Individual feed intake measurements at « Genomic prediction
« 900 heifers in NZ measurements at Ellinbank equations of RFI cow and
Ellinbank « Individual methane RFI heifer updated
* gDMI research measurements at « 2x reliability of RFI
« Feed Saved ABV Ellinbank « Updated ABV released in
released 2015 Dec 2020
\_ J

e 2008-2011 g e 2016-2020

17
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Using international collaboration to deliver locally.... First in 2015

s‘{.ll\. J. Dairy Sci. 97:537-542 .
EQ.., 2 http:/idx.doi.org/10.3168/jds.2013-7376 R d I
N .!’ & ©American Dairy Science Association®, 2014. eSI u a

feed intake
Genomic BV

Short communication: Validation of genomic breeding value
predictions for feed intake and feed efficiency traits

J. E. Pryce,*t' O. Gonzalez-Recio,*t J. B. Thornhill,t1 L. C. Marett,t1 W. J. Wales,t1 M. P. Coffey,§

Y. de Haas,# R. F. Veerkamp,# and B. J. Hayes*tll

*Biosciences Research Division, Department of Environment and Primary Industries, Agribio, 5 Ring Road, Bundoora, VIC 3086, Australia
tDairy Futures Cooperative Research Centre, Bundoora, VIC 3086, Australia

tFuture Farming Systems Research, Department of Environment and Primary Industries, Ellinbank, VIC 3820, Australia

§Animal and Veterinary Sciences, Scotland's Rural College (SRUC), Easter Bush Campus, EH25 9RG, Scotiand

#Animal Breeding and Genomics Centre of Wageningen University Research Centres (UR) Livestock Research, PO Box 65, 8200 AB Lelystad,
the Netherlands

IiLa Trobe University, Bundoora, VIC 3086, Australia

ABSTRACT Short Communication

Maintenance from

Bodyweight
\‘ Breeding Value

Validating genomic prediction equations in inde- Given the difficulty of obtaining individual animal
pendent populations is an important part of evaluat- feed intake phenotypes and the importance of feed
ing genomic selection. Published genomic predictions costs to the profitability of dairying, interest has been
from 2 studies on (1) residual feed intake and (2) dry growing in combining DMI phenotype data collected
m: mu intake (DMI) were validated in a cohort of 78 at research farms internationally (Banos et al., 2012;

19
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Feed Saved Australian Breeding Value (ABV)

Rabity (%) of Faol Saved ABY . For no additional cost or effort, farmers can breed
(November 2020) a herd that uses feed more efficiently.
d Youn Proven Youn 3-lactation o oo .
PP | gonomic | bullwith | genomic | cow with o The Feed Saved ABV identifies animals that
bull eno heifer enotype c - -
R R Rt R e produce the same amount of milk with improved
jersey |37 |49 37 |4 maintenance and efficiency of feed use
. Our updated Feed Saved has an average reliability
m of 43% in young genomically tested bulls
Example Feed .
Saved ABVs Good Bulls
GUIDE Genetic trend of feed saved in genomic Holstein bulls
\ 100
Holstein Pl ‘ FEED SAVED 80
g 60
: Z (o] >
= Z0x w @
=| 55‘55 a 2 20
= <|.u§ L ;
@ ~ @a= = S o
A | 336 - 43 s
B 320 147 o
C 302 -4 -40
D 301 110
E 285 2 e
F 282 -6 -80
G 277 72 Year of birth of bulls 20
H Co 37 — 2R




CDCB Industry Meeling

November 2 2020

Feed Saved
Methodology

CLOCB

-
.

What is
Saved Feed
Index?

Paul VanRaden, PhD

LESODA Anvmrad Geonomcs andg
mprovement Laboraiony

Feed Efficiency:
Excmnﬁ Feature of New
Australian Proofs

After extensive consultation with farmers, the Dairy Herd Imp Scheme (ADHIS) has produced a new
format for the Australian proofs which has now been implemented with the latest proof release. Proofs are now displayed using
a standard deviation of five, and a brand new total performance index has been introduced. And in an exciting development,
Australia becomes one of the first countries world-wide to have a proof for feed conversion efficiency.

B8 DOUG SWAGE B HAN HOPMAN

Impact of indexes: Expected response to selection over the next 10 years of the
indexes d in trait standard-deviation units.

ustralias total index APR (Australi pecti p
APmﬁx Ratio) is now 2 thing o the past. 1

It is replaced by the BPI: Balanced Per-
formance Index. Two additional alternati 08 M
total indexes — the TWI (Type Weighted Index)

04
Australian proofs more in line with the format a2 |}
used in many countries worldwide, traits will :
be expressed on a scale using 5 points for 7
[ r_

and the HWI (Health Weighted Index) - are
each standard deviation unit. Along with these =

now also published for those farmers who
changes, the new trait

would prefer greater emphasis on either type
sidual Survival will als
COUNCIL ON DAIRY CATTLE BREEDING

Tralt standard deviation units

or health. Additionally, in a step that puts the
The new-look Australi

of an 18-month-long
volving the direct inpu

FARMER SURVEY

For the people at AD}
this consultation prot
important as the final
of the process was t
genetic improvement,
a very positive experit
Abernethy, manager o
genetic weightings wit
based on the scientific
lable. With our consul
we were able to get .
of the range in econc
have for the different
formance index. As a
are scentifically basec
accurately for the spe
Abernethy goesonto
tion process took plac
an onvline survey for f
also had a series of far
would congregate at a .
practices and would (

Feed Saved (FSAV)

INTRODUCTION DATE
monthly and triannual evaluations

BENEFITS OF TRAIT

December 1, 2020, and then in all subsequent weekly,

Feed costs can make up over half of the total costs
on a dairy farm'. Selecting for more feed-efficient

ve

ill help

and energy
d required.
hat are more

PROOF EXPRESSION

The ease of understanding proofs was a ma-
jor factor in moving to a system of expressing
proofs whereby each standard deviation is
given a value of 5 with breed-average being
100. This means that traits are expressed on
the same scale with a range of a minimum of
80 up to a maximum of 120. Unlike the old
system, it is now possible with one glance ata
proof profile to tell which traits an animal really
excels at and which ones could be considered
weaknesses. In keeping with efforts to provide
more complete information, traits such as fore-
udder attachment will now also be displayed.

FEED SAVED

While the introduction of health trait proofs
was the major revelation for genetic evalua-
tions worldwide over the past decade or so, it
has often been predicted that feed conversion
efficiency would be the next era to follow it.
Now that new era has arrived. A highlight of
the changes to the Australian system was the
addition of two new traits, the first of which is
Feed Saved, a measure of feed conversion effi-
dendy. The research for this trait started nine
years ago and involved the measuring of feed
intakes on animals richt from when thev were

Percent emphasis on traits within the APR and

APR BPI
(old index) Balanced Pedformance
Index (new index)
8% 10%
1% 8%
%

Mrodiction Mnpe Wreity Msuvial

mals. However, those animals that have been
genotyped will have much greater accuragy for
this trait as their genomic information can be
compared to the reference group using the
identified genomic predictors.

RESIDUAL SURVIVAL

The second new trait to be introduced was
Residual Suvival. There are many things affec-
ting how long an animal survives, induding
production level fertility mastitis feet and leg
issues’ explains Daniel. Two animals could
have exactly the same prod but one will

the three new indexes BPL TWI and HWI

™ HWI
Type Weighted Index Health Weighed
Index
£
& 1%
%%
5% 14%
scc Mwodabily Mmanerance

we want to avoid double counting production
and so we separate it out and what is left after
adjusting data for the affects of production is
Residual Survival’ The percentage contribution
of the different trait groups to the makeup of
the new indexes can be seen in the pie-chart
diagrams. However, a better way to evaluate
the effectiveness of these indexes - the BPI,
the TWI and the HWI - is to look at the pre-
dicted impact they will have on the indivi-
dual traits over the next 10-year time period.
While each of the new indexes will result in

hat smaller ion gains than the

still live longer because it is more resistant to
such things as metabolic problems or lame-
ness, and it is that part of survival that we want
to measure as Residual Survival. Essentialle

outgoing APR had it been retained, they will
each produce greater gains for health and
management traits and overall type. Australian
genetic evaluations now move into a new era

Trait Reference Sheet
November 2020




ICAR Working group - Feed
and Gas

Focus on measuring CH4

How can we work together to
get the best outcome

Open conversations essential!

Working together....

OFFICIAL

« Christine Baes

- Phil Gamsworthy

« Jennie Pryce

\\\\\\\\\\\\\\\\\

Industry liaison group

« Andrew Cromie
« JuanPena
Masese  Siine Van Beek
? . Marco Winters
9
THE '1! I\ Y

Resilient Dairy
GENOME PROJECT
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Australia’s breeding indices

OFFICIAL

AGRICULTUREVORIA
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70%
60%
50%
40%
30%
20%
10%

0%

ASI

IIIIIIJIIIIIIIIuL

Mastitis Survival Fertility Feed Type Workability
Resistance
N BPI HEHWI Sustainability Index

DataGene

Solutions for Herd Development

70%
60%
50%
40% —
30% —
20%

= 1wl

| T

ASI Mastitis Survival Fertility Feed Type Workability
Resistance Saved
B BPI BWHWI Sustainability Index

Balanced Performance Health Weighted
Index (BPI) Index (HWI)
E ‘Z AN\ -
$ Index units Index units
Eg. BPl of 300 Eg. HWI of 280 Eg. Sustainability
On average this animal This animal is 280 units greater Index of 250
returns $300/year more for the desired objective than This animal is 250 units more
income over feed/herd costs. average. efficient for emissions intensity
The average is O. The Average is 0. then everags. The evertge s 0. ORIA

25
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Metrics

Number of female genotypes nominated

Research herds

1000s cows

Feed
saved

Ginfo

150 Aussie
herds

Health

Heat
tolerance

/

P

New...

70,000 -
Commercial mProject
60,000 -
50,000 -
19,954
40,000 -
30,000;
20,000 -
90 7,503 34998 34593 é
6.386 3,753 27,251
10,000 - 14,212 £ A5 110
445 L 11,798
9,192 ”
T 3.152 T 6’“7 T T T T T T re—
2013114 2014115 201516  2016/17  2017/18 2018119  2019/20  2020/21  2021/22 22/23 to date
DataGene \
. Solutions for Herd Development
5 a
m?_ﬁm\wé
. 'f Ry
;G\_’ em
T k\\
.
1
B —
V-
= - o P
o 73
e
Do you have excellent herd records? = . \[fﬁg‘ -
DataGene is recruiting herds for the Ginfo project* * 4 “4
Participating farmers have their 2-year-old heifers genotyped and ’ !. K
classified for free and the option to have young calves genotyped \\_j
at a discount. \_
T T T T
To be eligible, herds need to be regularly herd testing and 120°E 130°E 140°E 150°E
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How to increase genomic reliability

) Journal of Dairy Science
RN Volume 97, Issue 12, December 2014, Pages 7905-7915

€ra

* Refined Trait Def.
* |D Functional Var.

Reliability

o

T T T T T T
0 20 40 60 80 100

Number of females in reference population (X 1000)

* More Samples
* MIR-Predicted Phenotypes
* International Collaboration

Tim Luke’'s PhD 27

OFFICIAL



OFFICIAL

ncident Infrared Light O Detector Absorbance
O Spectrum

Flow Cell with Milk
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Absorbance
Spectrum

e

y. -7 Flow Cell with Milk

Fat%, PrOteino/O, LaCtose% etc \

E

Fatty acids (—
Animal health and fertili :

0.0

Feed efficiency, methane emissions etc =« « w @ = w w0 o

Wavenumbe (cm )
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R? of prediction models

R2
(Australia)*

Residual Feed Intake  0.30 (alright) 0.28 — 0.38
(kg/d)

Energy Balance 0.48 (good) 0.64
(MJ/d)

CH4 production (g/d) 0.30 (alright) 0.21-0.77
CH, intensity (g/kgMY) 0.38 (alright) 0.63-0.72
CH, yield (g/kgDMI) 0.58 (good) 0.38-0.49

*Methane and feed intake: 240 cows from Ellinbank

SmartFarm measured over 32 days

OFFICIAL

R? (other
studies)

0

20 +

10 +

R2 0.50
Good

0 2 4 6 § 10 0 2 4 6 g 10 0 2 4 6 g 10
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Sustainability — increasing demand for
quality food in line with population
expansion

Importance - agriculture accounts for
around 4% of global GDP

Animal products - increasing criticism
on societal issues (environment, welfare
etc)

Demographic

i — _ i - and demand
qubal warming — pro-active and re el
active
Training — next generation for our
industry

OFFICIAL

Dairy Innovation

Technology
and
innovation

Social license
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Messages

Dairy breeding programs have improved feed efficiency over many years
Improving production per unit of liveweight

Improving the efficiency of production for cow maintenance and production
requirements (residual feed intake)

. For no additional cost or effort farmers can breed a herd that uses feed more efficiently.

. The Feed Saved ABYV identifies animals that produce the same amount of milk with
improved maintenance and efficiency of feed use

. Many countries in the world now using “Feed Saved” or similar
First released in Australia in 2015 (updated in Nov 2020)
A lot of international collaboration

Selection for Australian national index (BPI) will lead to improved feed efficiency,
profitability, sustainability and improved fertility/health

. Measuring feed intake on scale challenging (especially grazing)
Sensors
MIR promising to multiply up phenotypes for genomic selection

32
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Thank you and any questions?

Data

l Solutions for Herd Development

J» DairyBio

Ginfo

ORIA

State
Government

airy
ustralia

>

GARDINER ¥
UNDATION

Agriculture Victori taff (EIIinbank)
And international collaborators

y

Agriculture Victoria staff (Agribio)

UT T TOUITAL

i

“Ginfo is a great tool for the entire dairy industry by providing the
latest genetic information and adding to genetic reliability. At

an individual farm level, Ginfo means you have genetic accuracy
because of genomic testing, and the ability to make informed
selection decisions because of the access to early genomics on
young heifers. There are a lot of really good farmers are involved
in the Ginfo project so it also gives participants access a great
network of progressive famers.”

- Sam McCluggage Allansford, Victoria, milking 700 Holstei

“My herd is now a better, stronger and a lot more consistent herd
today than it would have been were it not for the Ginfo project
and the sum of these gains across all herds strengthens our whole
industry.... Contributing my data to help validate the science and
technology was not any inconvenience as we were already had
good systems of recordkeeping of herd events and were herd
testing monthly. Ginfo is about speeding up herd improvement
and this has been a win-win; | would thoroughly recommend it

“Ginfo has benefits for the broader dairy industry as well as the
individual farm so | can’t understand why more people aren't
involved. The more information you have, the better armed you
are to make the right decisions. Ginfo helps us identify which
heifers to keep and rear and which ones to sell and then join the
best cows to better bulls”

- Bev Carpenter, South Riana, milking more than 900 Holsteins
across two herds.

- Ruth gt WA, milking 320 Holsteins.

“Anthea and | believe in the importance of an Australian Herd
Improvement Industry and that genetic growth creates profit, so
itis easy to be involved with something as important as Ginfo.
One of the big advantages for us comes in the form of subsidized
genome testing of our young stock. We genome test all our calves
and use this information to help build our business strategy”

~ Trevor Saunders and Anthea Day, Shady Creek, Gippsland,
milking 750 predominantly Jersey.
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