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—— Background

Expectations of consumers evolve:
Improve the nutritional value of bovine milk for human health

4

PhenoFinlLait: a multispecies consortium gathering
research and industry for fine milk composition
improvement (bovine, ovine, caprine)

¢

Fine milk composition in Fatty Acids (FA)

Basis for genomic selection

B

Recording - Estimation of genetic parameters .
QTL Detection — Genetic/genomic evaluation .
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Lt Data

Cattle : 425,000 MIR spectra (milk recording)
88,000 cows - 1,000 herds
Montbeliarde (MO), Normande (NO), Holstein (HO)
about 60 different FA and 20 ratios or sums

| ¥
Genetic

Parameters 21,947 cows in L1 - 233,395 Test-Day (TD)
| 101,858 TD with FA profiles

Genetic 56537 cows in L1, L2, L3 — 269,751 TD with FA profiles

EvaIuation| — Repeatability model
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—— Data
Cattle : 425,000 MIR spectra (milk recording)
88,000 cows - 1,000 herds

Montbeliarde (MO), Normande (NO), Holstein (HO)
about 60 different FA and 20 ratio or sum

A4

|
QTL Detection

2,867 Holstein, 1,924 Montbeliarde, 2,448 Normande in L1-L2
Bovine 50K Beadchip® (500 more LD genotypes to come)

36,913 to 39,683 SNP according to the breed theao‘f‘“
ot
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¥ —— Traits

» FA expressed in g/100g total fat in milk

= All traits obtained from MIR spectra and prediction equations

___TotalSAT Total UNSAT omega3
____________________________ c40 TotalMONOTotalPOLY ___Omegab
____________________________ C60  Cl4lcis9  C182c9c12 ~  omegal
_— cgo Clelcis9 C182059t11(CLA) _______________________________________________________________________________________________
cioo Cl81lcis9 TotC18:2 Desaturatlonmdex
 C120  Cl&lcsl1 index14
... c4o0 asaiuio index16
....¢casoe Cl81lcisl2 index18
...cdeo TotC181
S VA
180 index14 S
Q200 C14:1c¢is9/(C14:0+C14:1cis9) L
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_ Linkage Desequilibirum and
Linkage Analysis

= LDLA Meuwissen et Goddard (2001)
y=H+Wv +Zu + e

y = vector of performances defined as the mean of TD
records adjusted for environmental effects

v = vector of random haplotypes effects

u = vector of random polygenic effects

e = vector of random sampling error

= Genome scan with a sliding haplotype of 6 markers
» Test statistic : LRT = 2 [Log(L1) - log(LO)]

L1 = Likelihood under H1 (model with QTL) s
LO = likelihood under HO (model with no QTL) e
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— Rules to define a QTL

C4:.0 - BTA 11 - MO

w

8

e

&
:E

N
!j~‘ M“ ‘-*-s;-l'”- T

For following plots,

= |[RT > 13

= Maximum in each 2 Mb
interval

For QTL counting,
= Distance between 2 QTL >
10 Mb

&€
0’(\0\3\\
e

i
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= Short and Medium SAT

QTL for SAT FA - MO

LRT ‘ “ Nb  Total 3
g

. 5 QTL breeds
e SAT
2 e C4_0
~ ® C6 0 L °* o C4:.0 36
e C8 0 :
¢ - G120 : C6:0 29
e C14_0
o | e C16_0 . . C8:0 30
° C10:0 28
S - . 3 .
‘ o ) C12.0 20
Q . - -
- ® 3o c C14:0 13
- % - ; o :
ST . ? ‘e % o * ° Cl16:0 23
.' .s. [ ° n - e
w * .-_‘ ’ °e ° * e ® oo o
. ® R c =° S S, s e
1 T T T T T T T T T T T T T T T T T TTTT1TT]1 “900'““
5 1314 1 24 2526 2728 \N\N‘N‘Q

BTA
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" — UNSAT FA

LRT QTL for MONO and POLY FA - NO
3 . . Nb QTL Total 3
s i - tovo breeds
o | ° o : C18_1g:zg
¥ * o | o Cretass omega3 24
e TotC18_1
e 5 . . LA’ omegab 19
. s . TCie g
o - . - C14:1cis9 28
. * C16:1cis9 29
c(?) o [ ] ' °
s . . . C18:1cis9 28
9 - ? o : . .
'g s @ : o ° .: CLA 17
. S X T
R o - cet Y .y Tot_C18:1 24
o . t,-.’.!‘ A * st d < C18:2cis9cis12 12
- bl I }oo" el t o lY ¥ 2*. L\
| | | I I | | | 17 7T 1T 1T 1T 17T T 1T 1T T T T TTTTITTl “900"\“
1 2 3 4 5 5] T 8 9 10 11 12 13 14 15 16 17 18 1% 20 21 22 2324 2526 2728 WN\N ‘Q

* 0 4 & i
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— Known regions

BTA 14 - C8:0 BTA 26 - C14:1cis9 BTA 19 - Tot C18:1

HO ji MO NO

\
Ly MM b { !

o T 0
! % [] 0
| | pos

DGAT1 SCD1

)

&
MN ;, PJ N UU Ur' )
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= O
— Focus on some regions 7

BTA 16 — Omega3

NO

Fine localisation

w —

AN
MML_U“«J | t.MMLJJuLﬂUmﬂL J‘ M\LJ‘U!E




— 4 =
A French dairy industry R&D program on fine milk composition PhenOF |n

—

— BTA 16
QTL for 17 traits detected in the 70.6 — 72.5 region

1 Mb
LRT < =
40 -
index16
35 ]
30 -
poly
25 C18:2cis9cis12 TotC18:1cis
] [
1 TotC18:2 index18
20 = omegi7 omega3 =
i Mono “1ci
15 | Cl6:lcis9 a2 -I]» ACL00 A C18:1cis9
A B g mono sat A
. unsat
10 - poly  index16 c10.0 indexl6
C16:1cis9
> 7 C18:1cis9
CLA
0 omega’
70,5 71 71,5 72 72,5 73, &
Positions Mbga\?"
. . ne®
B Montbeliarde B Normande A Holstein w\N‘N‘Q

g



BTA 16 — Omega3

— Focus on some regions

NO

i

poF

Fine localisation
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BTA 5 - MONO

HO

uk UM%J M w
Imprecise Iocallsat|8‘ﬁ >
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™
— BTA 5: MO and NO
QTL for 23 traits detected - Probably 2 regions

8 Mb 10 Mb
—————m———————— > ———mmmm e ——————— >
60 |LRT
index18
index16
50 C18:2cis9cis12
-
o 8 :C18: 1cis9
o MONO
40 SAT
#® TotC18:2 MONO ¢ SAT
| H Poly omega’ I
30 oo 9 . C18:1cis9 M
LCISICIS
: TotC18:1
® Index14 g indek14 gl # C16:1cis9
. . . ¢, TotC181
Atheroginicité
] . g
omega7 | & g AP - Colgégl-o ® 00
CLA € Cl4:1cis9 : ¢ : : B omega3
10 C18:0 | indexl6 -
87 92 97 102 107 112 117 122,‘-\“\'5‘\'

. ne
Position Mb w\N‘N‘Q

P

¢ Normande = Montbeliarde
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— BTA 5: MO, NO and HO

The first region is shared across the three breeds

8 Mb
PR —— >
00 Tl il
LRT index16
C18:2cis9cis12
50 1 ABA A A
%A A
A ﬁ ihgexld C18:1cis9
0$oh( A > ¢
A MONO
o = SAT
’ T 18:2 ’ SAT
o iP | MONO
30 - 0meg€6‘0 oyA omegcj7 !
B C18:Dcis9cis12 C18:1cis9
W R el TotC1&:1 # C16:1cis9
* ® clbo ® TotC18:1
20 1 A &
. B omegab B (180 theroginicite
omega7 | & g on ® C40 ® 00
CLA ® Cl4:1cis9 - ¢ . . B omega3
10 C18:0 | indexl16 «
87 92 97 102 107 112 117 122
oW

, , » ne®
¢ Normande ® Montbeliarde 4 Holstein Position Mb W\N‘“‘Q

-
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PhénoFin

ummary of QTLs shared accross breeds

QTLs are assumed to be shared if the distance between peaks < 2 Mb

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

c4:0 N N

C6:0 ]

C8:0 ] ]

C10:0 | ]

Ci12:0
C14:0
C16:0
C18:0
C20:0
C14:1cis9
C16:1cis9
C18:1cis9
omega3
omegab
index14
index16
index18
CLA
C18:2c9c12
TotC18:1

B Ho-mo-no T Ho-NO HO-MO
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Conclusion and perspectives

= With restrictive LRT threeshold of 13, arround 20-30
significant QTL detected in average per traits.

= Regions known: BTA14, BTA26, BTA19.

= New regions shared for some traits: BTA 5, 11, 13, 16,
20.

= Regions shared between differents FA, and/or
between breeds.

= Next step: improve localisation with multi-QTL
analysis
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