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BEEY BREEC EHEC WO kMO RO
EEEC FsC SEEC EEE O
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W B

WS [T B2 SR Ry AT ARAE fe ] LA S8 FR A — R PR M (s - ELRESI RS BRIERY (/- & B OIS 2I0 T > s
kI 2 P RSB ARL - INIE > AT H RE L B M AL B R G S E AR R Y - R AR AR 28 AL A B AN
R > MERRRIERCS S - BIEREE 6 AL A5 E a1 539 BB SETIRM - &EREUR > MESAUER 1.86%
(10/539) » Herptiim e BIEH A BURREREIRR GO E RN RSt LS U R AR AL R BRI
&1L 2% » ABYE B EA B - DA (kI — A RARRAE e L2 MR S AR PL AR - 1RSSR

R MEEEREERCE ~ AR - AR - AREEE -

4

{6 T A LB T 1 R R P 2 (B [ 5 MR EE BR BE 7 RSE (bovine leukocyte adhesion deficiency, BLAD) ~ %f
MEG A2 E7E (complex vertebral malformation, CVM) ~ 45 & ME4FEE (brachyspina syndrome, BS) ~ BEEHE (deficiency
of uridine monophosphate synthase, DUMPS) ;2 JIF#ZEEE (citrullinemia, CITL) (Windsor and Agerholm, 2009; VanRaden
et al., 2011) » o B HETE B T o e i CH 3R (R 157 Rl - BE HYAH 2 EAH & (K (Robinson er al., 1993; w55 » 1998 5 pR%E
2001) ° 21 ARSI — TR EA S 7 (5 52 A RA R B M R fe - 8 RS BE EIBEERSE (cholesterol deficiency, CD) » A
AR AR A H 88 4 B S RV N RER T ERCREE H % SET (Kipp er al., 2015) < Kipp et al. (2015) FI|H
GWAS (genome-wide association study) Ei[&E]&F-E R EAL (homozygosity mapping) £:1iy @ 28FREL CD fHEIAYELRIAL 7>
A58 11 544088 | - Menzi er al. (2016) #E— JE RS FPReily - T4 440188 LAY APOB (apolipoprotein-B)
LR exon5 A 1.3 kb £AYBEE T (transposable element) 4 Al 5 |45 1 8 VEHER > IERKIIRERT « & H ARG
B BLECIR Rl » #3FR/\2F Maughlin Storm (NAAB: 073H002012; HOCAN000005457798) £y n]fEHET CD F:RAVIE
tH (VanRaden and Null, 2015; Menzi et al., 2016; Schiitz et al., 2016) -

CD Fy—Tfi) 2 e a5 - AR AL A A R E R U e R AVAEE - HIk  48RE RIS (total cholesterol,
TC) ~ JiFEEIEEEE (free cholesterol, FC) ~ =% & A58 /& & & IS (high-density lipoprotein cholesterol, HDL-C) ~ {5
&R E'EHEERE (low density lipoprotein cholesterol, LDL-C) ~ filx {2 & B 2E /B HEEE (very low density lipoprotein
cholesterol, VLDL-C) ~ =% H i[5 (triacylglycerides, TAG) 5 i i5’& (phospholipids, PL) BAZE (KN 4 & FF B3 -
FH 7 CD 2SR HT A (U ~ SIS B AR & R S AR DhRE 52 - MEM s B AL AR - 4 & A AR (Gross er al.,
2016) = Mock et al. (2016) f5t} 6 GHAYH CD MERIRYAEHH#EIES - fE RS - HERIERRE ~ (EAEE RS fUE K
ZEEHHERER - TR ER R (H RS N T R AR E AR E 2206 K ReB s s e B BN
Maughlin Storm [f[1%% °
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RITEbE R SR Z R e ST RUR - 104 FEIREE B MR F4Y 13.2 B8 - HAUpil44y 6.2 B > FREARL 375
BN > E{EEYEE 98.3 (BT (BRESGHERITHEEZ BG4 E » 2015) - B REIEEEAL S T4
FEA AR > R7AIR R R B L A IR B B (B P B AR AT BACIR S N - TN B PR ELRE 00 5 [ ME T HE (R P VR -
TEHHE U2 B R ETE S R AL T B R B R R B3 » CD Ry BRI A S SR e iy — Tl B B (R s
WML B AR LA CD AN A ER R V2 - ILEIREAT REGRE T E Ay - R i =2 E AR CD %
RERBHR AT - (RELERE RIS -

MR T A

L SRESEYIMR A E T
DIERS L BEe=EIL - |~ MEA4S - WEEAERSAT A AFERENZ B > 4558
HoxIAFE (LE 2%~ PH 1 REME 3 R ) ESMERENETE > 57 HEEETS 113 ~ 61~ 16 -
92 ~ 112 J 145 GA{HE fE 4 MR B AIR B 26 o - 351 539 5 & dn A MRS - Al A DNA ZZH{E4H (DNA
Isolation Kit for Mammalian Blood, Roche, Germany) » £ I8 B {& /4 Fir 2 {1t E!’jji EIETT IS DNA ZXHY » A7 A<
LM IUEE Y (pellet) K /IN » J0A 2 & 775 i 4% 7101 (elution buffer) » #E{T/AME ; B W A REIRBHEE > AI2FE
FH DNeasy" Blood & Tissue Kit (Qiagen, Germany) (f # > DNA % HQ 75 7% (https://www.qiagen.com/it/resources/
resourcedetail?id=a5a065dc- €287-4a61-b917-9792¢25ab42f&lang=en) » #E{THEZE DNA Z5HY > fE{& DA 35 L A EESE
B TIAHE -
II. PCR [ZJE
S8 Menzi et al. (2016) Hi%% » HETF CD SPGB BB LIRS, - (95 TH =8 - SRR B E R
1E[A5[F BCDF1: 5’-GGTGACCATCCTCTCTCT GC-3’ B[ [7]5[-F BCDR: 5’-AGTGGAACCCAGCTCCATTA-3" ;
DU 122 8 I IE [5)5 [ BCDF2: 5°-CACCTTCCGCTATTCGAGAG -3’ © PCR 7 E4H Y43 By 20 — 50 ng FEif
DNA -~ 2.5 nmol dNTP -~ 5 pmol &[5+ ~ 1 x }ifﬁﬁ@mﬁz& 0.5 U ( B8fi1 ) Tag Z¥&TH (TaKaRa Bio Inc., Japan) >
[ FELERGRE Ky 15 pL o 5% PCR SLFEMR(: © 55— %M > 94°C ~ 5 min 5 55 “BEIRIENE 35X - 94C ~ 30 s>
55 — 65C ~30s>72°C ~30s: F=HIER 72°C * 10 min * {KIERBE PCR [ ESE SR BEE R Ry - 55— 208
1 > 94°C ~ 5min 5 5 B EERIENE 35 2 0 94°C ~30s > 60°C ~30s 72°C ~30s; E=2F4EE > 72°C ~ 10 min °
1L PRSI
H{S uL PCR ZEYEL 1 uL & A SR (loading dye) JE &9 5)1% » #E1T 1.5% BIREERGE K 0T - BIki% -
F SYBR safe (Invitrogen, USA) Z4t6 » NI SRAMEEFE H#IG - HUBA G 0T 25 FHEE 45 (Alphalmager
System, Alphalnnotech, USA) - Bk & 7 #~ > CD FRRIIENTF XA 249 bp B 436 bp Miffekdy » HpIERE 4l
GHERAIAE(EH 249 bp | B AR S EREIFE R 436 bp 7 B 0 S EUE RS Al [E]EF L 249 bp B 436 bp
R B
IV. DNA H R EFF
TBFEEVKIE R | 249 bp Bl 436 bp 7k 77 5 B > o BIVIEIECT » #E1{T DNA /E\rﬁﬁ@qﬁ (Clean/gel Extraction Kkit,
Biokit, Taiwan) - DLEFFEE| BigDye Terminator V3.1 (Applied Biosystems, USA) #:{T7E 7 & JE » IiLL BCDR A&
FPol+ - WiEie 2 EYaiBP B - F 2L DNA HEEFFH (ABI3730 DNA Analyzer, Applied Biosystems, USA) fif
Fri% - FEFI %15 MTEkES (Sequencing Analysis Software v5.4, Applied Biosystems, USA) #{T4747 » Fx & EHiR A Eil
Sy AT S DNA %1 {8 % NCBI 49 5 (http://www.ncbi.nlm.nih.gov/) > L BLASTn 2= (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) #E{TEIEORIERELLE 7347 -

e RN B

L./~ CD ENAU R e S e e B i P 22 T
Menzi et al. (2016) BFFE# &R E fe PCR [ MEAH AR 7 BLR FE S R - SCERR N EEE AT - M ASTHETL
PCR [ FESHRRELRE R - [N PCR EEPIAVIME 450 bp DU > SUFEMEERIEIE 2 B8 ~ RhS MER SIS EOREIEH
IRFFEIIE R 30 s BIAT » IMEREERG R 2 HUS - RIMIRERE T =0 55 — 65 CHEfTMIEE - Bh& A Ms EE SR AnlE 1
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Fow > fiem B 2 (B 1A) BGa R (& 1B) Bbh > JEF] 55 — 65 C&fF » B n &S MH R AN AL AV IERE DNA H
EREEE - [E]HF - Kaminski and Ruéé (2016) :XEaTE 1 PCR & {Efy  55—20%8 M > 94°C ~ 3 min ; 5 B {5IRINIE
352> 94°C ~30s>60°C ~30s>72C ~30s;: F=SPMEE > 72°C ~ 5 min » KL - EEPAHILE 1458 5% E
CD E Rl S FEGR R e fE 60°C ~ BFR 30 s 5 S FELEASTE fy 15 uL > £33 20 — 50 ng 544K DNA ~ 2.5
nmol dNTP ~ &5 [+ 5 pmol ~ 1 x [ZFELEENR f 0.5 U Taq GG - FEF a3 E Rl - #EfT IR R EGR S AR
gl > 4ESRANE 2 PR > ARSURRDEPT R RS & > # Kaminski and Rus¢ (2016) iAo i a] FE{RAE
e fgHIEEAS > ELFTRS PCR EY)EE K [ (5 o] B RS 1) (2 T B e 7Y o

- T - ——
B hnh---é

1. CD EANEERMGRFHEEGER - A CD IEHAL - B © CD fG Y  Lanes 1 — 12 @ Z5& mEHHE PCR &

IR B o B RIF B 55.0 ~ 55.5 ~ 56.0 ~ 57.0 ~ 58.2~ 59.4 ~ 60.6 ~ 61.8 ~ 63.0 ~ 64.0 ~ 64.5 } 65.0°C > Lane M :
50 bp DNA AV/IMEF (50 — 450 bp) » FHAATIER 73 7 R 249 bp #2436 bp J5 %

Fig. 1. Optimalized conditions for identification of CD genotypes. A: CD normal genotyping; B: CD carrier genotyping.

Lane M: 50 bp DNA ladders (50-450 bp); Lanes 1-12: PCR anneling temperature gradient from 55-65 °C as follows:
55.0, 55.5, 56.0, 57.0, 58.2, 59.4, 60.6, 61.8, 63.0, 64.0, 64.5, and 65.0 °C for each well. Arrows indicate the target
bands of 249 bp and 436 bp, respectively.

1 2 3 M 4 5 6
bp

436

249

2. CDE:RAIZ§EH] - Lanes 1 — 3 : CD #t&% > Lanes 4 — 6 : CD [E3 %Y - Lane M : 50 bp DNA A/)MEfS (50 —

450 bp)  FHFFTER 777 5y 249 bp 81 436 bp 5 B -

Fig. 2. Identification of CD genotypes. Lanes 1-3: Normal samples; Lanes 4-6: Carrier samples; Lane M: 50 bp DNA ladders

IIL.

III.

(50-450 bp). Arrows indicate the target bands of 249 bp and 436 bp, respectively.

CD FK% DNA F B¢ 751

7 PCR 341 Fi7 15 249 bp £ 436 bp W DNA J5 B (T [RIUG B BLE 7 » WM R B iz 2 751 > TER
NCBI 4815 BLAST T ELETERIEIL BTN - %W BB @ APOB ZH 2 #5751 (& 3) » ST RERR AT
PCR S IERE M LR B AN ARV A R - #E— DRI | B 751182 Menzi et al. (2016) Y45 #EITLLES -
CER TR HE R 2 MR AR [E R R A (([FF R EAZe R ) 2 $HERLR DNA fP5If145 F8s » BFTEsessft—
B e
FL45 CD & AR

6 ZAA G CD BRGNS R AR | For > 88 ASH 2 HBHEAED SHER 1.77% ; B
H 4 TEFEET » BERE 6.56% 5 CI5HE 1 BERFEEH » 35 6.25% 5 E BAIIE 3 MG EL STy 2.68% ;
SAD B F MR R S 5 B IEH A « B > Mol 539 A4 > A 10 HAR SR » SEHMEE  1.86% -
Kaminski and Rus¢ (2016) fHDR 27 SRR A4 45545 F0A 9 H ARG T » FHER S 2 33.33% 5 Gross ef al.
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(2016) gl £ 254 BARKAE TR 4F > AISEERA 36 B R & AL - AFR By 14.17% © Kipp et al. (2016) f5iH > 1£
2012 4¢ APOB L[N BLE R B & RIS ASHAR 7751 Ky 6.35% B 12.25% - {HAE 2016 £EIF > RIEHISHAR IR Fy 4.2
1 7.87% - BRI 2 ha IS SR B AChH S e PR - IR CD FE S RIS E -

A
Cocuanoe 0. XM, (S4TIGR2  Longth 072 N of Wteree: |
;:::is(? 28) ::-:;:)l ‘:‘12:::;: 100%) ;::;;(D%) :I:: ::Ius —
coser s ICUCRREHEE R R =
awser s U EETHa A AT
foset_o1 JINID oo

B
G 0 XM, 015735521 Lanih 023 oror o otam
T SRR N
avser oo KRR T TRty <o
cvsee 5o IMHHTTIITEEAIITH IO
svsee_s1o SN s

3. CD ARFAZ ffE DNA | EGF7IEEE4E R -

A IEFEREEEA (249 bp) | BUEFFAIELESEE - B @ 8B REEELA (436 bp) 1 B E P IFYIELE -
Fig. 3. DNA sequence alignment of two target fragments from CD genotyping.

A: The alignment of normal alleles (249-bp fragment); B: The alignment of mutant alleles (436-bp fragment).

1 ASERILIEE R B S EA R AR

Table 1. Frequency of cholesterol deficiency genotype on six dairy cattle herds in this study

CD genotype .
Herd No. of cattle genotyped - Frequency of carrier (%)
Normal Carrier Affected

A 113 111 2 0 1.77

B 61 57 4 0 6.56

C 16 15 1 0 6.25

D 92 92 0 0 0

E 112 109 3 0 2.68

F 145 145 0 0 0

Total 539 529 10 0 1.86

BHEAISE 10 5 CD #E & MR MG 3R - FLIH n B GHANE Zal &kt Hp PUSARE 73 7l B /24 Braedale
Freeman (200HO03070, HOCAN000006906786) ~ Braedale Goldwyn (200HO03205, HOCAN000010705608) (2 §5)
J Morningview Allstar-ET (007HO08778, HOUSA000136169884) 2 1% {X, » #E— L F|FH Z2 & A L EIm & NIR
44 (http://www.tlrihc.gov.tw/) Z N8 EVEREE A S 248 (R K2R - 2015) » iBH [ = BH2 BRI A 4 HI UL
Z 3 & B BA R > Braedale Freeman 7 i #7 ~ Braedale Goldwyn 2 #ptH X2 5z Morningview Allstar-ET 2 10 X2 & &
Maughlin Storm ; [fij5%5—8H CD & T RH-HYSMESCETFy Maughlin Storm o (R - 75H CD F&BIRHR B By A4
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Maughlin Storm &7 » HUARTFTLEREL RN 24 Maughlin Storm £y CD 358 (BN & 2 &R —2 -

Graa L R RIEES R R E AL - BN P S B AY B R E o (Rt - RARERTT R
PR EE SR U 2 - FECIE B S R SR T RN - BR AR AL PR S T B R B ey R BB (BRI
Hh  HEER IS BRI EF A R EmERedl) « L BRIRBULHAL - U7 AT AR AR B A ACTE T %
RERNREEE AR -

BB

RETHE R EZ B G H SR (105 27} -2.5.1- & -L1) > AEG#H 6 KA IRIREL RO P At SR an LA B
Bk (HSARIFES LAERSERE » S HETE -

ZEXR

TR REZ B GYETE - 2015 < RESHFH - (TEIEEEZEE - ZILT - Online:http:/agrstat.coa.gov.tw/
sdweb/public/book/Book.aspx ©

MEE -~ =555 AR ~ B8R 5% - TRFE - 2001 - ZE LA Z N EEfEfR ] - & AER 5T 34 © 279-
284 -

BRAGH ~ FEIEE - 2015 - IR AN EER A A £ (SIGB) 22 E L BERA PN EHE - &
WF5e 48 © 224-233 -

HEEEE © RAASE - B E - FHE - G1EE - RFE - 1998 - BRI RIBEEERIERES - FEV5 31
299-304 -
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Abstract

Cholesterol deficiency (CD) is an inherited autosomal recessive defect and has been identified recently in Holstein
cattle, which results in idiopathic diarrhea to death of calves, and thus causes unpredictable economic losses to dairy farmers.
The purpose of this study was to optimalize the genotyping protocol and survey bovine cholesterol deficiency carrier
frequency in Taiwan dairy cattle populations, and thereby offered a low risk and basic mating strategy for dairy farmers. A
total of 539 cow samples from 6 dairy herds were genotyped. Ten samples were genotyped as CD carriers, which accounts
for 1.86% (10/539) in terms of frequency, and the others were normal. Although the carrier frequency was low (< 2%)
compared to those in other countries, CD unfavorable allele was indeed introduced to Taiwan’s cattle populations by artificial
insemination. Pedigree analysis suggested that the frozen semen products were originated from the decedents of Maughlin
Storm bull and/or due to imported adult cows. The CD genotypes of bovine frozen semen products need further surveillance

to ensure no CD carrier calves born in Taiwan, and thus, the loss of dairy industry due to CD defect can be avoided.

Key words: Cholesterol deficiency, Dairy cattle, Frozen semen, Genotyping.
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