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 Working hypothesis

* Association of ACAA2 polymorphism with
 milk traits
> in a closed nucleus } Chios sheep
> in an extended population |

* with FA profile
* Functional ACAA2 study
 Conclusions
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ACAA2: Acetyl-CoA acyl
transferase 2

ACAAZ catalyses the
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Ovine chromosome OAR23

Content between Markers MCM136 and URBO3! (sccording to virtual sheep genome v2)

QTL for milk, fat and protein yield on
ovine chromosome 23
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PROJECT TITLE:

USE OF MOLECULAR AND QUANTITATIVE GENETICS
FOR THE IMPROVYEMENT OF CHIOS SHEEP

= Data obtained during the project
rPeeCcil)lrgdrg %fat?gits (blood for SNP identification and
for 43 years genotyping, milk for chemical

(1968-2012) analysis)

Agricultural
Research
Institute
nucleus flock

Work flow of the project
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All exons were monomorphlc EXCEPT of one SNP
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ACAA2 IS SIGNIFICANTLY
ASSOCIATED WITH
MILK YIELD AND FCM

0 318 genotyped ewes
Q Offspring from 104 sires ACAA2 genotype Allelic frequency
Q 717 records for
% milk yield 5 cC CT IT C-allele T-allele
s fat corrected milk (FCM)

P<0.05

250

s fat percentage

200

L (BcCcC
ECT
oTT

150

Hardy-Wemberg 34 7 100

kg

Prediction 50 -

1st lactation milk 1st-3rd lactation 1st lactation FCM 1st-3rd lactation
yield milk yield FCM

ACAA2 association with milk traits



ACAAZ2

Genotype means for first lactation milk yield

Homozygote

Genotype‘lx ) midpoint CT

Class s

Class 161.7 175.1 182.9 188.4
Mean (kg) THE GENE EFFECT COULD BE REGARDED AS

A MAJOR GENE EFFECT

ot oo o I HQMQZYQQU:NIISFFEBINQ BYQ.5SD '

Partial dominar ¢ye 33 TR SNP EXPLAINED 10% OF THE
Orford M., Tzamaloukas O., Hadjimpg.[mgim EIIIQSXAMEA

Papachristoforou C., Miltiadou D.* (2012) J. Dairy Sci. 95:3419-3427

ACAA2 association with milk traits



=1

ACAA2 s
Confirmed previous associated with

association of milk protein %

ACAA2 with milk P W

yield in an extended

population of Chios zUFEMELLLE 1% lactatipn
ilk yield milk yiel

mil
protein protein
percentage : yield

ilk fa
yield

aL+SE 6.81+2.95 10.61+3.56\ [-0.05+0.02 |/ -0.03+0.03 A 0.23+0.18 |/ 0.28+0.17
p? 0.021* 0.003* 0.003* 0.370 0.200 0.100
JP4SE 8.67+3.53 13.02+4.26/ | 0.02+0.02 | 0.04+0.04 || 0.41+0.21 | 0.46%0.21
p* 0.014* 0.002* 0.41
% Vp due . . INI.V.VATS
t0 SNP® 2.25 1.68% ) NOT
~— — i E associated with
Results from 742 animals from all sheep farms keeping dgEsyitiss milk fat% and
i ot ) milk milk IS associated
all lactations 1> lactation rotein fat m with fat vield
milkyield  milkyield® P y y

Trait percentage percentage
Genotyped means+SE?

CC <245.23+4.487> 170.21+5.28°C5.29+0.02° _5.19+0.05

CT 260.71#2.76° 193.85+3.33% 5.23+0.01° 5.20%0.03

TT 258.85+3.88° 191.44+4.77° 5.20+0.02° 5.14+0.04

8.7810.2
9.42+0.16
9.23+0.25

72.87+0.26
)13.6240.17°
3.44+0.23°
~— \_/

ACAAZ2 association with milk traits




PROJECT TITLE: ][
IMPROVEMENT OF LIPID FRACTION IN OVINE MILK AND HALLOUMI CHEESE,

TOWARDS HEALTHIER LOCAL PRODUCTS
Collection of milk samples
: : 7

4 Chios Farms = 18 OI171 ewes At least 3
> 2" 118 ewes samplings/animal
> 3d 94 ewes [
- 4th 46 ewes

Total 429 Chios ewes

IR ~1300 milk

samples

MILK - fat, protein, lactose =<
. fame —>fatty acid profile (GC-MS)

~430 blood

= DNA extraction = Genotyping
samples ¥

- (Sequencing)
i s | GGATAAAAGGTATGCC




GCMS RESULTS

mean

FAME %w/w  sd FAME %w/w  sd
C4:0 327 156 C16:1 cis9 092 055
C5:0 004 0.2 iso C17:0 034 015
C6:0 3.18 1.56 C16:1 other 0.44 0.29
C7:0 0.07 0.04 anteiso C17:0 049 032
C8:0 DR T 057 0.23
C9a:0 mean 0.21 0.11 "

C10:0 FAME Yow/w sd 870 3.25
Cc10:1 SFA 72.93 7.21 214  3.00
: C11:0 SCFA (4C-10C) 18.98 8.67 18.70 5.23
4 3 o C12:0 mammary origin C4-C14  35.96 10.70 096 061
1254 o 2 g C12-1cis9 MCFA (12C-14C) 16.86 2.83 045 028
L ose louo wm o o
T iso C14:0 SUEA 285 154 272 110
| _ Clc41:go UFA 26.25 6.88 g';; 8'3‘11

075 | IS214:1. giig 23'2; §'§§ 027 013 —
, ant C15:0 030 0.22
0 | cis1l0C15:1 0.07 0.04 Linoleicacid (9Z,11E) 056 0.31
C15:0 1.03 0.35 Cis-11-C20:1 016 0.12
o8 iso C16 028 0.24 C20:406 021 0.10
2 00 C16:0 2496 3.74 C22:0 014 007
| | - cis 13 C22:1 w9 015 0.08
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ACAA? associatio
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A dataset 72072 entries of phenotypes and
genotypes for association analysis

 ACAA2 association with FA profile

giget
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- 0.113¢+ 0.004 0.109¢ + 0.002 0.115¢ + 0.004
ratio w6 / w3
C11:0 0.136 + 0.005
145
C12:1 cis-9 0.1524 + 0.005 14
135 w I

0.089 + 0.003
13 w
13.67°+0.29
125
12

CcC cT T

Simoni Symeou?, Ouranios
Tzamaloukas?, Georgios BanosP¢,
Despoina Miltiadou?

ACAA2 WAS ASSOCIATED WITH ACAA2 and FASN polymorphisms

o6/03 RATIO affect fatty acid profile of Chios
sheep milk; under reviewing in

Journal of Dairy Research

ACAA2 association with FA profile
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ACAA2 IS ASSOCIATED WITH

DAIRY TRAITS

TT and CT animals produce more milk with lower protein percentage, higher fat yield
CC animals produce less milk with higher protein percentage, TT animals with higher w6/w3 ratio

milk yield all lactations milk fat %
53 milk fat yield

2 milk protein %

260 52 14
5,4
250 5,1 i 135
240 5,3 5 13
cc CT TT
5,2 ratio w6 / w3
220 12
cc cT T : cc CT TT
cT T

ACAA2 3UTR SNP Effect ACAA2 3UTR SNP
IS the causative mutation? observed is in linkage or LD with
the causative mutation?

No aminoacid change, may affect the expression of the gene

CcC CT TT

cC

Miltiadou D*., Hager-Theodorides A.L., Symeou S., Constantinou C., Psifidi A., Banos G.
and Tzamaloukas O. Journal of Dairy Science doi./10.3168/jds.2016-12326



A RNA expression analysis
14 12
ab
matched anirhals for
12 Age
Parity

10

Birth
| Litter size

TT are expressed 2.8
and 11.8 times more
than CC

Liver Udder Liver Udder

normalized relative ACAAZ expression

th‘

No preferential
amplification

Differential allelic
expression

Comparison of gDNA and ¢cDNA
from heterozygous animals

allele T:C ratio in ¢cDMNA corrected by

mean gDNA ratio

T is expressed by 20%
more in heterozygotes in
udder

Liver Udder gDNA
cDMNA cDMNA

Functional ACAA2 study
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The variants in the 3'UTR of the ACAA2 gene are associated
with milk yield
protein percentage
fat yield
w6/w3 ratio

NGO Y

« are differentially expressed in homozygous ewes of each allele and
« exhibit AEI within heterozygotes in a tissue specific manner

=>suggesting the existence of a cis-acting regulatory DNA

mechanism. '

ImRNA expression=>likely IACAAZ activity=> Ienergy and carbon
substrates for lactation and FA synthesis

Miltiadou D*., Hager-Theodorides A.L., Symeou S., Constantinou C., Psifidi A., Banos G.
and Tzamaloukas O. Journal of Dairy Science doi/0.3168/jds.2016-12326
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