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Abstract

Holstein is the major dairy breed in the Israeli milk industry, supplies about 45% of fresh
beef marketed to the Israeli market each year. Holstein's meat quality, which is cultivated
for the production of milk, varies according to age, physical condition, management,
feeding regime, and genetic characteristics within the breed. As of today, the selection of
Holstein as dairy breed, does not take into consideration the quality of meat. Since
Holstein is a significant source of fresh meat marketed locally, it is necessary, to detect
genetic markers that will serve as a tool for cultivating meat quality traits in this breed.
Establishment of a phenotypic database will allow the measurement and quantification of
organoleptic, chemical, and physical parameters) (=traits) that define meat quality in the
Holstein breed. At a later stage, it will be possible to genetically map chromosomal
regions harbouring genes and polymorphisms that are associated with such traits, aiming
to improve the quality of the meat by means of markers-based selection.

In the current study, we created a phenotypic database for the meat of Holstein fattening
calves. For this purpose, we collected (from the slaughterhouse at Beit Shean), the
longissimus dorsi (LD) muscle of Israeli Holstein calves (N = 116) used to measure 12
parameters for meat quality, including key phenotypes such as tenderness, intramuscular
fat content (IMF%), and water holding capacity (WHC). In addition, we extracted
genomic DNA from the blood samples of these calves, which we used to detect
genotypes of known genetic polymorphisms, derived from four genes (CAPN1, CAST,
DGAT1, FASN) found to be associated with either with tenderness (shear force, IMF%,
and fatty acid profile in meat in several cattle breeds and populations.
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20 2 A AT DPMIND Wwan MY Aernrna QTLS 1w RN 9paa 18 Dinmda L[9]
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18 DINMITIA AT NPRY IRII .[12] 20NN PPOVIINN NPYDIYIIR 29N MIN3Y "wHw QTL rym
MNINRD DIV 20N XY MM WA MR MNINY IPNRNA DIRXNIN DNOR P2 25VN
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0V DIV (0IY PN MY NIDM MIT HY WITI) 1WA MR

NTIAYN I TOIN
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nmo HW 90N 25V NR 1H0pNRN MNP DR (diacylglycerol O-acyltransferase 1)
TNN IMVYN D00 DY 121 25N2 MVN NINR DY PRRIRIORI R¥NI 721,291 DITINI-10

9w de-novo ntMoaY MM wnwnn omr (Fatty-acid synthase) FASN .nma v
25wn Yy RINRN thioesterase (TE) »ipn domain 2 ,niwiw mnaR jmw mxmn
DYawnI WReN TE domain 2 om»pn Dmranema . jmw memn Yv Amoa »Hrnion
TagMan allelic ) »9°¥90 assay 1 VIW NYYI A0 Y3 MY NN 1MIVN MINMN 25970 HY

PNY NN HY 1AXIY VR ,0YTY? DA D190 TR (discrimination; Applied Biosystems
D2XIN 110 Y3 N2Y DIYTIPN DYORM D290 .JAD 93 MY DNYPN DIYHRN VN TNR 93 NR

.3 nY20a

INR NNON 19507 1PN DIPN DY5R DM 12/ 1No

SNP rs# 1no’ nxmn 2y P P12
JIPON DITYMION Ilalen]
(UMD 3.1)
rs210072660 maI T182A 08,535,683 AlG 7 CAST
rs17872000 m G316A 44,069,063 CIG 29 CAPN1
rs109234250; -Pn MY K232A 1,802,265- A/K* 14 DGAT1
rs109326954 Y 1,802,266
rs41919985 1590 A2266T 51,402,032 AlG 19 FASN
nxnm
Y

Shor- inn NPv) MINTIH MTIAYA DIIINR IRXNI YR NNINN DNMIPPN D1V DIND .2 1YV
.(2016 n»123M Shimoni

[ amemp

3 9310 39 297D
CAST Calpastatin TGTCGATCTTTTAGACCAAGTCACA  Forward
AGCTGGTTCGGCAGATGCT Reverse

AAAGAGCACTGTTCC VIC

AAGAGCGCTGTTCC FAM
CAPN1 p-Calpain AGCTGCTCCCGCATGTAAG Forward



GGCTGGGCAGGTCAGT Reverse

TCCACGCCGTTCCA VIC
CCACGGCGTTCCA FAM
Diacylglycerol-O-

DGAT1 acyltransferasel CCGCTTGCTCGTAGCTTTG Forward
CCGCGGTAGGTCAGGTTG Reverse

AGGTAAGGCGGCCAA VIC

CAGGTAAGAAGGCCAAC FAM
FASN Fatty acid synthase GGCTCCACCACCGTGTTC Forward
ACCTCCTGTACACTGTAGGCCATAG Reverse

TGGCCACCAAGCT VIC

TGGCCGCCAAGCT FAM

(2016 1™M2yM Shor-Shimoni inn NpY) DMN™S DA a8 .3 1YY

JMP10 statistical software; SAS ) JMP niomn myxniRa w1 —_D»uDoovo nnan
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Chi Square likelihood ) y12>92-'n Maanon jnan myxnrRa 1avmn (HW equilibrium) 3720m
MYRNRL PRI PRI ]P0 — VI KV PRRIOR Nan .p<0.05 mpnamh qo 71 oy (test

(p<0.05) F jnan
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DNMN MM 9w Npvre—- (Cohen-Zinder et al., 2017) yiap 51710179 2 %Y MIRPNTH
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M3y N3 TY vapnnw oyxnn SF a7y (Cohen-Zinder et al., 2017) qor y1an DIRY0 YW

9217 MI9DAN NPRPITIR 29 5P (2 9R) [N] Y1) 32 5 D7my LD n 9wa prowsinn snm
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SF »1pa M1 P2 weYMp) (LD 1 97w) 10w9n 1vn 9912 mma Impao JHR .3 IR

™M1 12 M2 orNn Yy Pym (R?=-0.59; P<0.001) »5>® DrRnnA DTPN .DMIMPIO TR
27932 DMIMIPIDN TIIRY VA

(intra-muscular fat content; IMF%) »17% 73N 191WN 1PN Do Y nhon

MIADN IRXNN NR NARIM 2.67% HY NTMY PPOVNNN YHIN DI5IY NN ARXNIY NYXINNN
TNRY NPT DMR ,AIPN IFIVDIR YIIN DD22PN DNMY IRNYIA AT PIVN DINM 12y
(4 99R) 1NV MM R POVWINL 1MIWVWD MINT 23 RN ,ARNIVD

7] °7 2.20%
< 2.67% < :
- HéL BF§H h

990018 P (HOL; n=116) 10w50 91y HW» 791 "Mnia MY PN 1mw NN .4 998
PN 19982 NYTAN 2.67% Y nTMY powmn mma v nvan (BRH; n=103) 271yn
[(P<0.05) 2mynn »Y700181 9pa IRXMIY 11N

PYOVNNN PII HY TWIN MNIA D’INAIN DD DTN 1112120 MM 47N T IR MNIN
Y1 YV 0PN DNMIA NYR MNONA DYAPNNA DITTNRN DARIN DI9II .2 19202 DINDN
YW NYRY DINT NNN 19N N21IN P2 DPYNAVHN NN DIADRI NYR DINNI) INYPN DIV

NYI19N 7 RN VIPMIVIR :NNIN ND,12-13 MYHY P2 M mpon LD v .(povhinn
(0.0005) 271YNN YYIVDIRN NN HVY TN PRAIN JOIRA ANV NN POWIINN TV NN PAYNN
DYTIIN NHINA PPOVNNN NMY PN NRXN TIY .NIT NPMITN M2WN Tw1aa Pad>nn nH»ond

219220 INRY 1TARY DYY1MIN NNy (Pp=0.0001) (thawing loss; TL) nawann IRy 17aRw
(p=0.048)
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nm nm

P-value "HI00IN PoVNN
2PN [%] 121 TN
0.0005 23.7 24.1 [CP] 993 112a5n nYon
0.1783 25.6 25.4 [DM] w2’ 90N
0.1783 74.4 74.6 DN N9ON
0.6050 43.9 43.7 [WHC] nnia o9mi nanr
0.0001 6.69 3.60 | [THL] nywan InrY o¥om 772X
0.0480 24.0 23.1 [CL] %23 oona 7218

,MIVAN INRY NMIN DM 1TIR NN DY NI%R ,0M "N ,1adn nH)dna o9 T1an .4 nHav
90018 YIYH RNV 170NN 23 YW LD 1 9w mmaa 5 wan 1onna oodm TR

AN
v NPYIR

M”MTNN .5 19202 NN PPOVNNN PII DINDN NYIIR YV D901 DIYOR NINPTN
2 992 110 93 MaY YV PHINYD THA ,DINR TP PNY IRNVIL NVNIN

CAST CAPN1
Breed N* AA AG GG A G CC GC GG C G
BAL 18 050 0.12 038 056 0.44° 088 012 000° 094 0.06°
LIM 33 088 009 003® 093 0.07° 052 045 0.03° 074 026
HOL 216 026 044 030° 048 0.52° 034 046 020° 057 0.43°
SIM 105 046 019 035 055 0.45° 092 008 0.00° 0.96 0.04°
X2 66.9* 26.5* 128.2* (<.0001) 68.3*
(B)
DGAT1 FASN
Breed N* AA AK KK A K GG AG AA G A
BAL 18 006 063 031° 038 062 063 031 006 0.78 0.22°
LIM 33 027 058 015 056 0.44° 0.8 040 0.42° 0.38 0.62°
HOL 216 072 023 0.05° 084 0.16° 028 048 024> 052 0.48°
SIM 105 077 020 003° 087 0.13" 065 033 002¢ 081 0.19°
X2 58.5%(<0.0001) 28.8* 74.4% 18.2*
((0.0001)

FASN -y DGAT1 ,CAST ,CAPNL 0’12 02100 712y 09010 0998 m”71Tn .5 1Yav
DGATL1 132 .(SIM) Svin0 ,(LIM) prinvh (BAL) »792 ,(HOL) 1ow5n :apa w1 nyaana
KK - AA/AA ;AK - CG/AA ; AA - CG/CG :Ran 19182 9701130 ROANNN HHR-YT 100 DPP
*P<0.0001 .nmvp NPIVY NPMIRI NNNMDN PN (9IRI MIVD DV DYIR MNTN
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- (G/C :p29HR ,G316A - MmNk I¥mn MW 29 oinmd 3"y mpn) CAPN1 1non

n%onY (p<0.0001) 7wa Mma1Y 713 ,shear-force Y npnan NIXRINIORL R¥N)

20130 RN C/C nmn ma7 NR 79wnn 90N TwRI (p=0.0048) 17w 70 mw
121909 PRI 19IRA TINR AT 90NN 2D NIRN TIV 2IY TIND 1MIVN NYIdDN NR NHYNN

R¥n1 ,C/C qwan M1 R nYynn 901N .5 998 (p=0.0024) nnia »"n Hw InY tmay
,C 9 031110 970123 73 RXN1 , D901 TP 'YL ,IVRI ,MINADN IR¥NIN DY NNIDNA
IRNNIYV NPNAINN NONRNN TRY ,NOR DIReNN . (14-16) nma nmax ma» N 0
NR DTN, D9y 116 YV on? jvp Dy YT shear-force Pay pa oraHMan 2

,PP0V9NN YN INY 19T DR POY)IR nnn CAPN1 12 jnon nxk inad 7nsn
M0 29 Yy ,ayn 19183 A1 NNINY 1RD 12 WANWAY 107 DRA Y12pY min Yy nR

1POYVNNN Y132 N NN MrTNa Ren) C HHR v AR (5 1HaV) 100N YV DIYOIRN

(5 n%av) NN M TN 0N R DR¥NI C/G -1 C/C pav1n 11 (0.57)
60
50

40

SF[N]

—_ =
<=

30

20

10
c/C G/C G/G

CALPAIN

12

DVNRN



IMF %

Cc/C G/C G/G
CALPAIN

,N9YNY (shear-force, SF) 9wa ma» PrRaYp 132 CAPNL jnon mpnamd F ran 5 998
(p<0.05) .nvnH ,PV-PN MY NHOm

— (A/G 0998 ,T182A - 1R nxnin MY L7 0ina "y mip'n) CAST non .2

nYYnn 901N RN A/A TWRI IV MIRY NPNLIN IRRIVIDRI R¥NI N7 10O

Dor¥NI A/G Dy R A/A 970133 DAY 119070 RPN NR DRIN T RN .(p<0.05)
INY NI VYN NYYND HHRN MPTN ,NRT DY TNY .(17-19) NINVN TV MY NPNRNA
.G Y98N YW N

;095K LK232A — mmR ANnIN MW L14 DINmMI2 2"y mp'n) DGATIL jnon .3

TWRI ,(p=0.04) o'nma *Y PINN PMYVN NYIONY NP ANRNAa ReN — (AA/GC
MAI902 NPIYNN NP ,01NY 1193 .7V MWD NYIN DR NYYNN YHRN RIN AA HHRD
5w DNTIAYA ,HWNY Y TINN 1MIVN NYIN NR K232A N1 jnoa nbynn YHRY yana

Ny NMA MY NYI1NY APNRN2 ReNY (AA) K 558N Rena (20) 172ym Thaller
NONRN ARYNI RY (21) »12IM Pannier Yv ,nank nmaya anas 17ovwnn %pa nma

K232A nu%ann nR pnad by ,nt napna 2w pn imw nhion s (K) nr HHOR pa
A21) Iy 9T DITH POIYIINA

:AIG 099K ,A2266T — moynk nxmin Mw ,19 DIinmaa ¥y mip’n) FASN pon 4

DNPNNA INIMA I 1N .DNINAIN DIAYVNANN TNR GRY NPNRN IR¥NI RY 0T 1002
RNV 1Y NMITA ,NT NON APNRD NIPRY Y210, 0NN 1MYWD MXNIN 22979
NINR MAINR MMaya
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PTIT VA MR DPTHIND DMIVNI 12 HPN NTTIND PPN NIIYN ,NNVYRIY 119 : D190
,0771°9 ,070a%1)7IR) D210 D019 NINAY NNTAVYAI WNRYY 1YI T NIIYN . JOVHINN
PNV IRNWNA 7 NRRN TIY .IRXA () DA P2 'Y () w2 MIRY (DPNN1I0V) D1HPIDD
7I% NYIIM V1A NI INI NNAN MTIPIA PPOVIND PTIY PN D7) (R122) 27IPNN IYTVDIRD
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