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ABSTRACT: Genomic selection opens new perspectivesthe need to cope with the demand of inseminatiglii
for breeding programs of dairy ruminants. In France concentrated in time will limit the possibilitie$ reducing
several projects have enabled the creation of eeéer  the number of males after first selection. The gaiien
populations in dairy sheep and goats. Early stutiese interval, already short in small ruminants (abautrfor five
shown that the reliability of genomic evaluatiorsing a years compared to eight years in dairy cattle)l khalrdly
GBLUP method in these species is lower than in tdols  decrease significantlyThe last factor influencing genetic
dairy cattle breed. The single-step approach givest progress is the accuracy of genomic estimated brged
predictions for candidates at birth (genomic eviaua  values (GEBV).GS should allow an increase in the genetic
accuracy obtained by cross validation for milk gief 0.47 merit accuracy of candidates at birth by the knolgée of

in Lacaune dairy sheep and 0.43 in goats’ breetisg. genomic information compared to the estimated binged
multi-breed approach is effective in goats by biegd values (EBV) based only on pedigree. The quality of
Alpine and Saanen breeds, but not in sheep. Finallygenomic predictions depends on the methods and
switching to genomic selection is planned in La&adairy evaluation models implemented but also on the
sheep and is under consideration for other sheegdbr In  characteristics of the reference population, ienagyped
goats, inclusion of major genes in genomic evatuati  progeny tested sires. These characteristics @ixeiracy of
should be explored before switching to genomic direge progeny test, Kkinship relationship within reference

programs. population, and with the population of candidatesgult
from the current breeding programs and from their
Keywords: effectiveness.
Dairy goats In France, several projects have allowed to
Dairy sheep establish reference populations for the main bre¢dsnall
Genomic selection dairy ruminants (4 in dairy sheep and 2 in dairgtgh We
Genetics present in a first part the peculiarities of bregdprograms
of these breeds and the genetic characteristicsheif
Introduction reference populations that may impact on accuraty o

genomic predictions. Then we discuss our recemtiesuto
Genomic selection (GS) based on phenotypic,improve genomic evaluations in a single or multd
genotypic and pedigree data, opens new perspediives context. Finally, we give the fields yet to be egeld to
breeding programs. This is especially true forylapecies improve genomic evaluations, and describe changdsru
where the selection of sires on dairy traits isdittoned by consideration in breeding programs of French small
a progeny testing period. For dairy cattle, GS krates ruminants.
genetic progress through more accurate geneticdinge

values of males at birth, an increase of seledtibensity Populations
and a reduction of the generation intervals on riede
pathway with a much earlier selection in life. Maver, the Breeding programs. In France, the majority of

cost of genotyping is relatively low compared tceth goat's and sheep's milk is processed into cheedegbf
economic value of animals and cost of progeny tat.  quality under Protected Designation of Origin (PDDhe
these reasons make genomics schemes immediatelgelection of dairy sheep has been implemented ®mbakis
profitable in many dairy cattle breeds. In smallirga of local breeds. The largest is the Lacaune breedhe
ruminants the situation seems at first sight lesgorfable. production of Roquefort cheese. The second pojuldt
Indeed, the relative higher cost of genotyping ti a located in the Western Pyrenees mountains and sterisi
strong economic barrier, but above all the poténita 3 breeds: Blond-Faced Manech (Manech Téte Rousse:
accelerate genetic progress is less obvious. Amteg MTR) and Black-Faced Manech (Manech Téte Noire:
factors influencing the genetic progress, the pripo of MTN) and Basco-Béarnaise (BB). The Corsica bredth w
candidates retained after genotyping (intensitgefiomic  the smallest breeding program, is not currentlyceomed
selection) will play a key role and will be detenad by the by studies of genomic selection. In goats, breeding
economic balance between the cost of genotypingtlaad programs concern mainly two breeds, Alpine and 8aan
reduction of artificial insemination (Al) livestock with a national geographical distribution. Purebbeeeding
However, the use of fresh semen for Al in dairyeghand  programs of small dairy ruminants in France aretam a



pyramidal structure of populations with, at thetbot the
production herds/flocks, and at the top the opeodleus
herds/flocks. This part of the populations is ttesib of
genetic evaluations with official

2003 and 2009 in Lacaune breed and 94% of bucks bor
between 2001 and 2009 in Alpine breed. In addition,
goats, 1175 Alpine females and 810 Saanen femalesity

milk and pedigree 2008 and 2009 were also genotyped as part of agrotp

recording. Al is mainly used in the nucleus, with fresh detect quantitative trait loci (QTL).

semen for sheep and frozen semen for goats. Bieeder

associations manage artificial insemination centersaise
young males, born from assortative matings in theeus,
from weaning to the age at reproduction, and taoize
their progeny test. The gene flow from the nucleushe
commercial herds/flocks is based partly on Al madesl
partly on natural mating males by sons of Al sires.

Based on these genotypes, linkage disequilibrium
(LD) was estimated because of its influence orettpected
accuracy of genomic predictions (Baloche et al.130
Carillier at al., 2013). Due to accumulation of @mosomal
recombination in time, LD at small distances depend
the effective population size several generatiaqye &hile

the LD at long distances reflects the recent hystirthe

Breeding programs, set up in the sixties and population (Hayes et al. 2003for our populations, the LD

seventies, are now fully efficient and are basedherds
with official milk recording accounting for arourD% of
the entire population for dairy sheep and 30% foatg
(Table 1). For goats, sizes of breeding prograrassamilar
in the two breeds, the number of herds and theatd §20%
for population in official milk recording and 40%n i
nucleus herds) allow testing 40 bucks a year (lcpreoet
al., 2011). The dairy sheep breeding programs MTHN a
BB are similar to those of goats with respectiv&lyand 50
rams progeny tested per yedacaune and MTR programs
are of bigger scale with respectively 440 and 160ng
rams progeny-tested each year, what amounts todfize
French dairy cattle programs before beginning GStr(

was estimated using the square of the correlatiefficient
(rd) of Hill and Robertson (1968), by calculatinget
correlation between all pairs of SNPs on 10Mbp inith
each chromosome. These r2 were then averageddyyaig
of 0.02Mbp between markers.

Figure 1 shows the LD calculated up to a distance
of 2 Mbp between markers, for the Lacaune sheepdbre
and the Alpine and Saanen goat breeds (separately o
together), and for a fictitious population with effective
population size of 1,000The LD decreases with increasing
the distance between markers and becomes constgoridb
1.2 Mbp. For goats, LD estimated for the two sefgara
breeds is close, while it is lower for the blengegulation.

et al., 2012). The use of fresh semen and seasonalAt 0.05 Mbp (i.e. the average distance between SNEs)

reproduction force the sheep programs to use mamg,r
compared to the size of their females’ populatiahjch
limits their dissemination as well as the accura€yheir
progeny test based on only 30 to 40 daughters vin80
goats. The generation interval is around 6 yearsthen
father-son pathway in goats and in MTN sheep vy dnl
years in Lacaune, MTR and BB dairy sheep.

the estimated LD in our different populations isiieglent:
0.12, 0.13 and 0.15 respectively in Lacaune, MTR BB
or MTN breeds; 0.17 in Alpine or Saanen breed aid th
the blended goat population. But it remains lovent the
one estimated in Holstein dairy cattle populatigh26 at
0.07 Mbp in France, Hozé et al., 2013).

In comparison with the decay of LD for a

Table 1 shows also results of a genetic diversity population ofNe=1,000, the r2 calculated in our populations

analysis based on pedigree of females born bet2666
and 2009 (Danchin at al., 2011). The pedigree dspivell
known, from an equivalent generation numbEg® of
5.52 in MTN to 9.9 in Lacaune. The Alpine, Lacawarel
MTR breeds have the largest effective number ohdeus
(fe, from 162 to 191), showing a fairly high diversity
gene origin, while MTN and BB breeds have the |aveesl
the Saanen breed is in an intermediate situatibhis
ranking of genetic diversity remains the same foe t
realized effective population sizR€) except for the Alpine
breed with aNe close to the Saanen ong&he inbreeding
coefficient for females born in 2009 in these pagiohs is
highest in the MTN breed (around 2.8%). With a kmi
number of equivalent generations of 7.86, the Idoist
dairy cattle breed in France has an effective nunudfe
founders of 20.7, an effective population size ®fafid an
inbreeding coefficient for females born in 2007 seoto
4.3% (Danchin et al., 2009).

Structure of the reference populations The
availability, in 2009 for sheep and in 2011 for goaf a
SNP50 Bead-Chip (lllumina Inc., San Diego, CA) aiéml
the start of GS studies by constituting
populations. Table 2 describes the populationsobtyped
males. The effort focused on genotyping the lgtesgeny-
tested cohorts with for example 77% of rams bortween

is lower for small intervals between SNPs and larfge
large intervals,indicating that these breeds showed high
genetic diversity many generations ago and thactieh
has led to increase the LD recently. In Lacaunés th
selection began with the definition of a standaetdune
after pooling several small local breedsr goats, the
difference in LD extent between the multi-breed airdjle
breed populations increases with the distance mestwe
markers. For small distances, this level of r2ug do the
common origin of the two breeds, introduced in Egim
the 1910s and then extensively crossbred, whik Farge
distances reflects separated selection schemesedoh
breed over the last 40 years.

In order to estimate the possibility of blending
breeds with small sizes of the reference populatibe
persistence of LD phases across breeds was alsaired
by correlation of signed values of r between breeds
Between Alpine and Saanen breeds, this correlatinges
from 0.88 to 0.56 for distances 0-0.05 Mbp. Itlizse to the
one between breeds relatively near genetically 8(0.6
between MTR and MTN breeds from 0.01 to 0.05Mbg). A
larger distance, it decreases rapidly to reactvel lgf 0.08

reference (at 0.6 Mbp) close to the one between Lacaune amtl M

breeds (0.09) genetically distantThis illustrates the
proximity of the two goat breeds many generatiays and
their most recent management into separate brdeds.



goats, it was considered that this moderate cdiveleat
0.05 Mbp did not rule out the potential of genomic
prediction across breeds given the small size @& th
reference populations. For MTR and MTN breeds Legar
et al. (2014) shows that these two breeds are rcluse

Single breed context. The first studies were
carried out in the breeds with the largest refezenc
population (Lacaune and MTR) in a single-breed exint
with a genomic BLUP (GBLUP) using a two-step appioa
(Astruc et al., 2012 and Barillet et al., 2012).the first

Spanish sheep populations Latxa Cara Rubia (LCR, fostep, DYDs of males of the reference populationewer

MTR) and Latxa Cara Negra Navarra (LCNNAF, for MTN)
due to their geographical proximity and frequerdh@nges.
Overall, extent of LD in our populations does not
seem very favorable to genomic selection as welthas
persistence of LD phases between bred8issed on the
characteristics of populations two types of sitdi seem
to be emerging. First of all, breeding programshwit
relatively large size of reference population (elés those
of some French medium-sized dairy cattle breedsith
lower inbreeding coefficient and extent of LD, aadnore
limited accuracy of males' EBV after progeny tebhis is

computed and in the second step a genomic evatuatis
performed on these DYDs.

Correlations between EBVs (or GEBVs) and
DYDs for validation rams are presented in Tabl@i3MY,
FC, PC and SCS. They are always higher with GEBV
ranging from 0.37 for FC in MTR breed to 0.57 fdC i
Lacaune breed. These correlations show that GEB¥s a
better predictors of DYD than the EBVs based on
phenotypes and pedigree data oni@orrelations with
GEBVs are higher in Lacaune breed for the threencom
traits but the gain in accuracy is higher for th&Ribreed

the case of MTR and Lacaune breeds for which thefor milk yield. Regression coefficients for milkejd and
relevance of a genomic selection program must beSCS in Lacaune breed are quite different from Iicatthg

evaluated directly in a single-breed approach. otieer
breeding programs have a much smaller size of eeter
population, but also somewhat higher rates of iedirey
and small effective population sizes.
emphasize goats' breeding programs with a veryrateu
progeny test of bucks, and the BB's breeding pragrégth

a shorter generation interval and a higher rateAbf

an overdispersion of young rams GEBVs’ (not shovim).
comparison with the French dairy cattle breedstZFai al.,
2010), the level of correlation is low regardingeth

We can alsoHolstein's results (0.60 for MY) but of the samdearthan

Normande and Montbeliard breeds' results (0.36 GgAd
for MY respectively). Nevertheless, the gain ofiakility
provided by molecular information is low in sheemgdds

compared to MTN breed. For some of these smaller(0.07 and 0.11 for MY in Lacaune and MTR breeds

breeding programs a multi-breed approach seemsardle
to assess when breeds are genetically close.

Improvement of genomic predictions quality

respectively), compared with the gains in dairytleg0.27,

0.17 and 0.15 for Hosltein, Montbéliarde and Nordean

breeds respectively). These small gains in reltgdiégd us

to explore other approaches for estimating GEBV.
Duchemin et al. (2012) compared the reliability of

The results of French GS studies presented herdYDs' predictions in Lacaune breed obtained acogrdo

concern four milk production traits calculated ortoéal
lactation basis (provided by a part-lactation sangpl
design in sheep): milk yield (MY, h2=0.3 in bothesfes),
fat content (FC, h2=0.35 in sheep and 0.50 in gpptstein

three models (markers only, infinitesimal only ajoiht
estimation of markers and infinitesimal effects)d dour
methods (BLUP, Baye§,, partial least squares (PLS), and
sparse PLS (SPLS)). Based on correlations betwé&BMG

content (PC, h2=0.45 in sheep and 0.50 in goats) anand DYDs for validation rams, all methods showetger

somatic cell scores (SCS, h2=0.13 in Lacaune beeat
0.20 in goat breeds), and also two type traits comrmof
both species: teat angle (TA, h2=0.33 in Lacauredrand
0.31 in goats) and udder depth (UD, h2=0.19 in Laea
and 0.29 in goats). The quality of predictions $sessed
using a validation by splitting the population afngtyped
and progeny-tested males in two sets: the traisgtgwith
the oldest males and the validation set with yoshgeales
(Table 2). A classical genetic evaluation and aog&n

quality of prediction than BLUP method. No diffecenwas
found between the GBLUP, the PLS and the SPLS
methods. The method Bay&s gave slightly better
predictions than the others (0.44 vs 0.42 for MYBiayes
C, and GBLUP, PLS or SPLS respectivelWVith this
method the model including infinitesimal effects ttwi
estimatedr gave slightly more accurate predictions for
SCS. The inclusion of infinitesimal effects yieldgression
coefficients closer to 1. The method Bageghus provides

evaluation are performed on a subset of performmncebest prediction accuracies, but is very time corisgm

recorded before the birth of progeny-test daughtefrs

compared with other methods, including GBLUP, for a

validation’s malesThe quality of predictions is assessed on relatively small gain.

the validation population's males by comparingrtitBYV
estimated before recording performances of daughigth
their “pseudo-performances”, i.e. daughter yieldiakons
(DYD, equal to the average performance of theirgiéers
previously adjusted for the environmental effeatsl dhe
genetic level of the damsYwo parameters are particularly
considered: coefficients of Pearson correlation
reliability, and regression coefficients (slopeEpP¥Ds on
sires’ GEBVs for bias estimation.

Recently Baloche et al. (2013), still in Lacaune
breed, have compared three BLUP-like models: 1) a
pseudo-BLUP where phenotypes are DYDs of rams laad t
pedigree-based relationship matrix included all gam
genotyped and non-genotyped) a pseudo-ssGBLUP
(pseudo single-step GBLUP) model same as above, but

for introducing a combined pedigree and genomic reiatip

matrix across rams (therefore all rams were inadude
regardless of whether they are genotyped or ngt)a 3
single-step GBLUP (ssGBLUP) model where phenotypes



were directly the observed performances of sheegd, a
which includes fixed environmental effects as wadl a

a multi-breed model blending the two breeds togethe
per-breed model, and a multi-trait model considg®éach

random permanent environmental effect. For the twotraitin a breed correlated to a similar one inatieer breed,
genomic models, correlations between GEBVs and DYDscorrelation being estimated or set to O or 0.Bhe

are higher than in the two-step approach, arou6e0(.
except for MY (0.45) (Table 4). Compared to theyske
ssGBLUP, correlations with ssGBLUP GEBVs are slight

coefficients of Pearson correlations between GEBYd
DYDs (Table 4) for validation males range from 0@@&
MY) to 0.70 (for PC). Whatever the evaluation model

better. Moreover, except for SCS, ssGBLUP improvescorrelations are very close, those of per-breedainbding
slopes (results not shown). The ssGBLUP takes intoslightly higher in some cases. In the multi-traibdel the

account information from dams of candidates, wlchot
the case with pseudo-ssGBLUP approach, and caeaser
quality of prediction. However, the slopes stilltmmgual to
1.

different correlations used have no impact on tt&igacy
correlations coefficientsThe use of a single-step approach
instead of a two-step one increases the correkation
regardless of the traits. The best regression ictafts are

Legarra et al. (2014) have also recently shown thatobtained with the per-breed model. In the multittnaodel

pseudo-ssGBLUP approach is appropriate in the oése
very small reference populations as the BB breededd, a
two-step approach with only 194 males genotyped §&6
non-genotyped) would not be better than a predidhased
on pedigree. This study shows for this breed an
improvement of reliability for MY from 0.41 on thmasis of
pedigree to 0.46 with genomic data. This resufirisbably

using a correlation of 0.99 improves the bias ekéepPC
(and rear udder attachmentfowever, in all cases
regression coefficients are not as good as in westep
approach. Model accuracies for young bucks caneldate
in all cases, and especially with the multi-breedds,
higher than those derived from ascendance (fron?%+28
type traits and SCS to 37% for MY) and then higthem

due to a progeny testing well organized and a diose those obtained in the two-step approach.

population, so that the candidates for selectioveha
information from almost all parents.

Multi-breed context. In goats, given the small
size of the reference population in each breedje$ibegan
with a multi-breed genomic evaluation using a tweps
approach applied to a GBLUP model (Carillier et 2013).
Correlations between GEBVs and DYDs estimated & th
validation population ranged from 0.32 for SCS 1630for
FC (Table 3).These levels of correlations, lower than in
French Holstein dairy cattle breed, are similathose of

Legarra et al. (2014) have extended the pseudo-
ssGBLUP approach to a multi-trait model blending RAT
and LCR dairy sheep breeds on one hand, and MTN and
LCNNAF breeds on the other hand with a genetic
correlation of 0.95 (sameness) or estimated. Theetge
correlation for MY was estimated at 0.5 between VAR
LCR, and at 0.3 between MTN and LCNNAF. The level o
correlation in the multi-trait model does not chaniie
results of predictions. For MTR and LCR breeds,
predictions are not modified compared with a sixgieed
model. But, predictions are slightly improved foTM and

the MTR sheep breed and Normande dairy cattle breedLCNNAF breeds, what was not expected in view ofrthe

with equivalent reference population sizes. Howgvtbe
results for SCS and type traits (compared to thenldode
breed) are lower. Relative gains in reliabilityngsgenomic
information are lower for milk production traitsrgfn 3%
for PC to 8% for FC) than for type traits, and amech
lower than those of other speciékhis can be explained by
a higher accuracy based on ascendance with arargeer
of daughters by sire (388 on average). The regressi
coefficients range from 0.73 to 0.96 and are higian
0.90 for PC, FC and type traits indicating thatsbis low
for these traits (not shown). In this study, maaieturacy of
young bucks’ candidates range from 52% to 56%, Iby a
including genotypes of 1985 females. These accesaaie
smaller than the ones derived from ascendance ([@:62
MY in average). This study also showed that indnsof
females’ genotypes
candidates, especially in the goats’ context wéhbkl of
preferential treatment. However, being daughtersndf 20
sires, the genetic diversity between these femalesot

connections.

Discussion - Conclusion
The results of the first studies in small dairy

ruminants in France show that the reliability ofhgmic
evaluations is not as high as for large breedsaof dattle.
This can be linked with a smaller size of reference
population and a lower level of LD with similar SsIEBhip
density, and for sheep a lower accuracy of progesting
which leads to a less precise reference population.
However, these results are similar to those obthinelairy
cattle breeds with smaller reference populatioke lihe
Montbéliarde or Normande breedBhey also show that the
small size of the reference population may be lzadrby a
greater accuracy of progeny testing in the cagmpafs, or a

increases the accuracy of youndarger inbreeding and a smaller effective popufase in

the case of BB sheep breed but also in Saanerts lgased.
Clearly the single-step GBLUP approach seems
more efficient to obtain highest correlations betwd®YDs

representative of the whole population and cannet b and GEBVs because it takes into account informdtiom

sufficient to greatly improve the accuracy of young
candidates.

Low accuracies of GEBVs observed for young
candidates and questions about adequacy of gemoutic
breed evaluation for these breeds led us to expbtner
evaluation models. Thus, a one-step approach stedtby
comparing three models (Carillier et al., 2014a aad4b):

dams of candidates, which is an asset for populsitising
partially Al. This approach also has the advantafgmking
into account the selection and therefore to provideiased
GEBVs. However, in this approach the regression
coefficients of DYDs on GEBVs are often lower than
which leads to an overdispersion of young cand&ate
compared to the oldest. Studies are ongoing to dwgor



these coefficientsThis approach should also be improved breeders’ organizations in 2015 held up by a refe
by taking into account the heterogeneity of var@anc population of 4,841 rams in 2013. For Pyrenean ghee
primarily related to herd’s effects and which amtegrated  breeds, switching to GS purebred in the near fuisi@so
into the current genetic evaluation model, but mot considered. This seems coherent in MTR breed with a
ssGBLUP. Finally, approaches combining knowledge of reliability of predictions of the same order thanliacaune
major genes and polygenic effects are to be deedlap breed (and a reference population reaching 1,48% ria
the future for goats, for whom genes with majoeef§ for 2013). The effectiveness of GS is more questioniz 8B
milk production traits (DGAT1 / caseins) were highted and MTN breeds. However, the BB breed with a very
(Carillier et al., 2014a). efficient breeding program has carried on its éffowith

The multi-breed approach does not seem to giveadditional genotyping rams, bringing to 509 theerefice
good results in sheep. Pooling MTR and LCR breeda i population. In addition for these breeds, becatidgheouse
multiple trait model does not improve reliability their of fresh semen and the high costs of performances
genomic evaluations. Indeed, the MTR breed alrdadya  recording and Al, breeding programs require a 6t o
relatively large size of reference population. Boe LCR organization. Genomic selection is then a possgjbild
breed, with a small reference population (148 ggved reduce the complexity of these breeding prograntstha
rams), this can indicate that a lack of intensive number of rams in selection centers through theiedtion
crossbreeding and/or of common major genes can be af progeny testing and a faster turnover of ramsgoats,
brake in the interest of the multi-breed approdagérra et  clearly the single-step GBLUP method combined wdth
al., 2014).In goats, multi-breed and per-breed models give multi-breed approach provides opportunities for GS.
equivalent reliability results in each of the twoeéds However, the presence of major genes in this speaisn
except for FC (highest with a per-breed model inhbo suggests that other genomic models should be eghlor
breeds).Whatever the model, reliability of predictions are
higher in Saanen breed than in Alpine breed, witipes Acknowledgements
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Table 1. Characteristics of French dairy small
ruminants’ breeding programs

Breeds ALP SAA LAC MTR MTN BB

a

No 159,000108,000170,00076,00013,00024,000
females

) b

PNO™ an 30 19 20 16 32
females

%Al° 20 20 85 50 45 50
No®

40 35 440 150 30 50

males PT

No°®
daughters 80 80 40 40 40 40
PT
Generaliol 559 561 409 448 562 4.3
interval

EqG 781 6.34 990 7.61 552 6.13
fed 191 124 190 162 73 102
Ne' 143 120 227 174 89 112
“ALP=Alpine; SAA=Saanen; LAC=Lacaune; MTR: Manech tdé

Rousse ; MTN=Manech Téte Noire ; BB=Basco-Béarnaise

2 females in official milk recording: percentage of females in official
milk recording compared to the entire populatiényate of artificial
insemination?; males progeny tested each yéafemales of the progeny
test by male;: equivalent generation numbet; effective number of
founders”: effective population size.

Table 2. Reference populations

No Training set Validation set
genotyped

Birth No | Birthyear No

year
ALP 470 1993-2005 236 | 2006-2009 148
SAA 355 1993-2005 194 | 2006-2009 99
LAC 2,887 | 1999-2005 1593| 2008-2009 592
1999-2005 1593 | 2007-2008 681"
MTR 1,295 1990-2006 1002 | 2007-2008 293
MTN 362 1990-2006 306 | 2007-2008 56
BB 281 1990-2005 194 | 2006-2007 87

" Baloche et al. (2013);: Astruc et al. (2012)

Table 3. Pearson correlations between DYD and EBWro

GEBYV (two-step approach of GBLUP).

Traits

MY FC PC SCHA UD

LAC

DYD*EBV
DYD*GEBV
Gain

0.350.440.520.39
0.420.500.570.45
0.070.060.050.06

MTR

DYD*EBV
DYD*GEBV
Gain

0.270.320.43
0.380.370.48
0.110.050.05

ALP+SAA

DYD*EBV
DYD*GEBV
Gain

0.370.500.500.310.320.30
0.390.530.520.320.350.37
0.020.030.020.010.030.07

" MY= milk yield; FC=Fat content; PC=protein conteCS= somatic
cell score; TA=teat angle; UD=udder depth; ALP=Alpi SAA=Saanen;
LAC=Lacaune; MTR: Manech Téte Rousse.

Table 4. Genomic accuracies obtained with pseudo
single step GBLUP (pss-GBLUP) or single-step GBLUP
(ssGBLUP) approaches.

Breeds  Traits’ MY FC PC SCSTA UD

LAC! pss-BLUP | 0.320.58 0.54 0.49 0.470.47
pss-GBLUP | 0.430.65 0.62 0.59 0.580.57
ss-GBLUP | 0.470.71 0.70 0.59 0.660.61
BLUP? 0.37 0.50 0.50 0.31 0.320.30

ALP+SAA?ss-GBLUP | 0.430.61 0.70 0.47 0.610.59
ss-GBLUP [0.43 0.63 0.69 0.47 0.590.59
per breed

1. standardized accuracies (Baloche et al., 2F13Pearson correlations
between DYD and EBV or GEBV (Carillier at al., 2@l4nd 2014b)%
BLUP with the two-step approach.

*: ALP=Alpine; SAA=Saanen; LAC=Lacaune.

**: MY= milk yield; FC=Fat content; PC=protein ctant; SCS= somatic
cell score; TA=teat angle; UD=udder depth.

Figure 1: Linkage disequilibrium (average f) in
Lacaune, Saanen and Alpine breeds and in the whole
goats population (Alpine + Saanen).

03

1
1
|
|
|
1

001 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2
Distance between SNP (Mbp)



