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Abstract

In recent years, great importance of the domestic beef market has been attached.
The Taiwan yellow cattle is an important indigenous beef cattle breed in Taiwan.
However, the population size of the Taiwan yellow cattle has dropped dramatically.
Therefore, to preserve germplasm resources and genetic diversity, the conservation
population has been maintained in Hengchung Branch of Livestock Research Institute,
C.O.A. since 1987. The first goal of this study was to develop novel microsatellite
markers to clarify the difference of genetic structure between the Taiwan yellow cattle
and hybrid cattle. Secondly, using single nucleotide polymorphism (SNP) markers in
analyzing their association with growth traits in the Taiwan yellow cattle for future beef
cattle selection and breeding.

A microsatellite-enriched genomic library was constructed from one male and one
female hybrid yellow cattle DNA samples using selective hybridization method with
mixed probes containing different repeat units. There were 15 sets of novel
microsatellite markers were developed and used to analyze 637 cattle sampled from
eight populations. The average number of alleles (Na) and effective alleles (Ne) were
8.2+4.2 and 3.0+1.4, respectively. Among these markers, the average expected
heterozygosity (He) and observed heterozygosity (Ho) were 0.588+0.191 and
0.424+0.164, respectively. The estimated average polymorphic information content
(PIC) was 0.552+0.188, and 10 of these markers were highly polymorphic (PIC > 0.50).
The inbreeding coefficient in the subpopulation (Fis) was 0.184. The inbreeding
coefficient in the total population (Fit) was 0.271. The average differentiation among
populations (Fst) was 0.108. The total probability of identity (Pap)) and the total
probability of identity among sibs (Pupjsib) Were 9.8x107*2 and 3.1x107, respectively.
The neighbor-joining (NJ) trees were constructed among the eight populations on the

basis of the genetic distance estimated from the 15 sets of novel microsatellite markers.



The results indicated that Taiwan yellow cattle populations could be successfully
separated from other cattle populations by using these markers. In the second part of
this study, three SNP markers: MYF5 g.1948 A>G, ZBED6 ¢.680C>G, and SREBP1
0.10781C>G, were selected to examine their association with growth traits in 168
Taiwan yellow cattle. The traits studied were the body weight (BW) at birth, 4, 6, 8, 10,
and 12 months. Association of MYF5 genotypes with BW12 were nearly significant (P
= 0.07), with the genotype AG or GG might have heavier body weight than genotype
AA. Individuals with the genotype CG or GG of ZBED6 gene showed significantly
heavier BW10 than genotype CC (P < 0.05). Association of SREBP1 genotypes with
BWO were significant (P < 0.05), with the heterozygous genotype have heavier birth
weight than homozygous genotypes.

In conclusion, these 15 sets of novel microsatellite markers developed in this study
could be applied for monitoring genetic background structure of Taiwan yellow cattle
and other cattle populations. Additionally, these three characterized SNPs could be used
as potential markers for selection and breeding of beef cattle.

Bovine brachyspina syndrome (BS) is a recessive genetic defect, caused by a 3.3
kb DNA deletion in the bovine FANCI gene. The third part of this study was to analyze
the frequency of BS carrier in Taiwan Holstein, Taiwan yellow cattle and Taiwan water
buffalo population. The result indicated that all of the Taiwan yellow cattle and water
buffalo were normal individuals, and 5 of 53 Holstein cattle were BS carriers. This
genetic defect should be eliminated gradually by large-scale genotyping and selective

mating.

Keyword: Brachyspina syndrome, Growth trait, Microsatellite marker, Population

genetic structure, Taiwan yellow cattle
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T )ili;lr*a;%if‘i:%% c L BB G B AR F‘:h' =

i%@ﬁl’ﬂ TR FghR R F Y kR F ﬁ;}gj»&} e R
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EHOIREL > R3S g AR E 2L (% 0 2000)

FARALBELRPLIFLY B LB ¥ o A L ENE D
BAHAERG  @F 2 ohmr fEEsrs L Fobo g AR 5354 /P
AR erii g o ord 2 W51 TFE 2 (Santa Gertrudis) ¥R T X -
FAR AR EFE A g A A2 £ X R D
RAREE AP A A EE B EANFE RS 4 P A F 63 ﬂﬁszP“%I]}Z]’¥,, %
Apipr o A HE 2 ER B docE a FTRE A (20 2000) - A F 76 £
Biokt 5 20 » B ARG T2 2 33 4MRE 2 BRI 344
MR E AR RS AR ARG A AR AEL R E A2 P S
BopmFrEPLE 2 PP RAE 2R T EHEBEF 20T

TREAE I (555 1998) o PR 99 A ER L € SHAE e

DR b TEREE 102 & k- HREAM BT S b T
ARAZ AP BEIRELATES S EAShFLARE S22
FRASBFI ZAFTLE B R -
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P ot ")

Bl 344kt 1 B 2 562 - — 4852

Figure 3 One of major beef cattle breeds in Taiwan — Taiwan yellow cattle.

(% Ef#)
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(- ) DNA » 3 a5

DNA & 3 388 3ikaian- 8> 7 124395 DNA A 7 d i ki
PIAFIRE - A RBEHIFFTHFY OB TR a8 EY AT o
iR BB S bR FRATE . JRMES R BRET P XERE
AFEEET AU BT RIS A AR B PR )F 2
Brgih 2R g  aFanFRd B LR FU AR LU RIARE D
BB ieiF @ 41 2 (Liuand Cordes, 2004 ) -

DNA A F iz AT RIET %A 5 = 53 % - 8 5 11* *4ps
AR RAHATE B U PR E R S B (restricted fragment length
polymorphism, RFLP )> d 24| fis £ - H3Ed 2. DNA B 7 4 o
FI% 7 &gy 23 o & IFE 7 A A4 3 i DNA B 4]
£ AU* Gkt odF 4 (probe) #4434 ¢ 88 2 % 3R (7 6 4 2 DNA
BE O RSB oA RE P EROER SR DKL R
& pe4ad) & i (polymerase chain reaction, PCR) 3 A # A + 8% 4oig 4y

vy 5 A1+ (random amplified polymorphism DNA, RAPD ) ~ 3 tg 3 BL & &

=F

% fe M (amplified fragment length polymorphism, AFLP) > 12 2 i ¥ & 4§ &
71|( simple sequence repeat, SSR ) » ;I*S’J%tf ¥ & &2 microsatellite marker ) ;
$ =45 DNA B8R 5 Ad#hs 33 29 DNA 57| % B a4
¥ s H- P s s e (single nucleotide polymorphism, SNP) % % 3 fik

efE ~ #7345 4 (insertion/deletion, Indel ) -
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(=) Mtk ik
d 1980 00k o MR F G BARRCE PRARY R b 5 D 2
A R 2 ¢ HeiEE DNA A 3 f il eie i i et 8 o 075 5 8 447 -
AR AREBAITE e RS WA TS 2 R BRI {25
DNA B 7% fittz A4 k7@ v L p* 32 3 @748

VoA~ A3 EXEP- FEF 254 243w

HiEh Rz DNA BA7 L BEEAFAZ > 2 i P47 A7

Y

Yo B3 FAEPRY LRI c BEAFNE AL - 22 BRI L

H =

mk

43P 08¢ ¥ LA P H A £ 47 (dinucleotide repeats ) -
4o (GA)~ (TG)y % (2% -2011) (B 4) - A fgeh A FIRE 5 6] » 2 CA
ErHpmeyg P KEkEv ITFFZ AN RLBIERETIEGT 30
kb -

Mtk i3 T PR EFS S T RREBR Y RS o ¥
B2 4l 2T AR 5 - &5 DNA 4 @ aif & e $
(slippage) : fcfrk st 2 L5 A7 (allele) & R ¥R hE 2 £ A E47
Brlif liE4eY o d 3> DNA € epavedfs g @ #4787 5 DNA 7
W g 0 A2 mAraniiAe (bulge) i AT E AR PG H R
;% (Ellegren, 2000) (@ 5) 5 % = &5 F#&A~ 4 (meiosis) pFenzk
F1€ 2 (recombination) : jFEks B EFEYAEL S B2 B3 A HE ST
(unequal crossingover) » — B4 & R RIS chE4f > ¥ - 154 4 $EF T

U EA oA EERF £ A TG A (Siaetal, 1997) -
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dinucleotide sequence SSR: (GA) 4.(GA) ¢ motif & 43 £ £

T oo HE

trinucleotide sequence SSR: (AAT) ¢

Bl A et Rt 24 P Rz B~ | 2 E4F ko
Figure 4 Characteristics of microsatellite: unit size and number of units.

(2% -2011)

(a) Increase in repeat length (b) Decrease in repeat length
1 2 3 - 1 2 3 4
> > » > Initiation ’ ’ - :
e e e e G e e e e e
1 2 3 4 5 6 7 8 9 10 | 1 2 3 4 5 6 7 8 9 10
4 i 4
3 ! 3
B e LR
Dissociation
1 2 3 4 5 6 7 8 9 10 ] 1 2 3 4 5 6 7 8 9 10
3 §
) §
1 204 Rehybridization 1 2 3 4
—_— e — — ———

and
1234567891omisa'i9nm8m12045678910

3 ! 3

1204567591011 Thenewstrand  , g3 4 5 g 7 8 9
—_— e e e e - —— —— —— —— is a different s ce—-

length to the = -t
1 2 3 4 5 6 7 8 9 10 template 12045678910

tronds i1 Genebcs

B 5DNA 47 2 i did = el Rt chE 47 * B=cdie (@) 4 (b) B> -
Figure 5 Model of microsatellite mutation by replication slippage, cause the repeat

length (a) to increase and (b) to decrease. (Ellegren, 2000 )
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) Rl s it

ORI T EE o T S R R @A {53

1. BiZns#eeg i+ (widely distributed and abundant )

wEmE AFIER LA T NEA AT LY » 3 §3% AN %B ¥
(coding region ) ® ¥ 3" 2L %5 % (noncoding region ) z_ p %z 3 (intron)
i 2 E R T2 T2 25D @t A F RV RT X T
E4L (selection) /R4 > 5 — ¢ PHaB @R RAc P HEH M Ft S 2

e @R o gt > BRI S > B R AT A ] T

¥ s %= (conserved ) T R EFTHO AFIREASNL T T E LB
AT S IR e P 22 2 & (O’Reilly and Wright, 1995) -

2. % & % &t (high polymorphism)

B et BT o MFEEEBROEFE 22 EAA BB R Y
Fpti A pciE: DNA BB ERFADIEM - P H- AFAT i ¢
OB RIFAT ApEOTH R ERER > 5 B fE47 4 (resolution ) -
MU BAEER L FE REMFELESPTRERT EEN BRI D

FEg e i U B WRIEI G 6T R e R4 (Baker, 2000) «
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3. & MiE @ (codominant)

Mtk A3 ﬁf o E, F AaukiEit Bl En i R
kAR k&R koo ®AE S (heterozygote) ¥ &+ (homozygote) ¥ i
FABRID] o 2t R i BV (T3 A3 2 AT EF Y 3

£ (Jarne and Lagoda, 1996 ) -

4. 3 &£ ® (high reproducibility )
ERMEI DI FHR LA > B PR ERRT L E TP g S e
I s R P E e PCRY ¥ a BT AEIFmans &K

EL,/\I”;L

A% iy = &Kk (Youngetal, 2000)
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WA R s - BREY YA R RS s B R R

i@ %4 (genetic structure ) e = + ic 4p ¢ 04 0

32 i B
B R B EHal BE S L BRI U2 RES AL REEL Y R HR

o T AR PR TR G LE -
BLf 8- P#

2% @ % (population genetics ) 7€_ 1930 & % F 3%

(Mendel’s law ) £ H is ;i @ RIT g * *+ 2 Fq 975 FFF F

2 24

£ (genetic variation ) enf§A5 1 2 gt B

A& PRI AR B DR
Foesip feok Bl s ki & e Ll @54 2R
PR R R fhuw 1 i Az (Wright, 1951) © @ 4 fd g i

£ EHF

7L fézﬁ"‘" o

:'i

EEG @ ‘Lf#
%’f#—xf T LR Rw it et s AEE A g B ey DT

i (Schemske, 1984)  §255— 88 @ B4 hFF % 3 wf P fE A h

% (genedrift) ~ & %]

Bz o # kit > =% (natural selection) ~ & 72

- fljé N R eRTE -}

%KJ o

Euhn

o (geneflow) Edud 53 F it i &8 p 284

7;,;.,

m AT g

a

Qﬁ'

(Hardy-Weinberg equilibrium) - v4 i§ = 2 & 45— BT L fechs %¥

F b4 end oo pE s Rl 2 BFH A F R AR 5 (allele frequency ) 22 A F1AHE &
ME_EY

(genotype frequency ) 12 % %@ # =% (Wigginton et al., 2005) -

AT
# % % Az (random mating )

EHEHE & JF 49~ (large population size )
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w
¥
—=

%8 a8 » 38 2 (no migration)

% %% 4 (no mutation)

N
¥
—=\

5. X3 XiEEH (noselection)
PR AP EFEEFID L ET RF AR DR T P E
B BT E A P AR TR SN AR F] A e o
B A P BRHAF LS T R BRI FAL P LA BT
FhriEe-HhIPE g @ st E®E (parameters) & 4 7
LA RO KT BREDTRMNG BT JEEFE DI o F]P R I E

’{v‘l}ﬁ B ‘fu;"' A 1‘f 4T 1E‘_]"r £ ﬁ” o

(- ) 3l @R
1 EH @
HHEG L E RPN AR ORE R LR RN LT

M @E G2 F s R E AN T o

(1) =353 3 £ Fl¥ (the mean number of alleles per locus, A) @ 5 %%

P AR FIR A Pl e A TR e v

m

1
A=— Zni
m .
=1

NS N R S CE T

M erg A FIL iR ke -
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(2) 7 =% % & Fléic (number of effective alleles, Ne) : #* 1 3E 5 2 F]
b A A F T oz & (Kimura and Crow, 1964) < 4 & B 2%
7R TR 2 7K FROE FARARIT A AR e BF 0 PG o A Tl g ARRIT R

RIFI2 2 FAF g A F R T ATFIEARF > AFRDE B

» ¢ #B (Nei, 1987)

n -1
Ne:<zpi2>
i=1
He pit 2HAF AR A FLF2HF o

NS EIRE R AT B

(3) B & B & (observed heterozygosity, Ho) : % 77 = i & F] ik @ »#f

Fese s T A AEHE PN L F S (Nei, 1987)

n n-1

0=, ).

l:

]:
HY Dt A5 I BAFAY ¥R UAFAFZAFS o

nTEE AR FATR

(4) # 3 £ % & (expected heterozygosity, He) : 5 134574 R 2=k s
PR BRI Y E (Nei, 1987) - 4 iF 2 & R BEE EHPN B4
BHE-AFRELG Afrad BRAFAF A AZATHESFL p va
ZATFHER G Qo T RFERG AT A F1A AA~Aacaac &

Brb R T Rk T R
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2
p+q=1 (p+q) =p*+2pg+q*=1

R CRFRST T R BT RIT AT R A P A R R A T
APEF o HH R TR 2 0T
n
He=1- ) p7
i=1

Hdopit ZAFRY ERAFAFAME -

ntosAFIRY T R E R

z £ (polymorphic information content, PIC ) : % -+ +
RAEE L FRAFIRD S RMAA Behle - BAFAFIZ PS> L0

MR T RS 4R (Bosteinetal., 1980) -

n n-1 n
PIC=1—Zpl-2 Z Z
i

i=1j

B opip i AHEAFRE 0] BAFATLES
N:ZAFRY T RHFAFL Bk
R s

(6) v 8T = T_ (Hardy-Weinberg equilibrium, HWE ) : #4 g

F

N

- BRI EHEY S B2 A F AR IR RIS S
T3 % o+ 3 ¥ 2 (Chi-squared test) 5 ¥ ¥ * *T B 2 B A FHE &

B E B &R T gren 8 (Wigginton et al., 2005) » e d > jcfErh A 7

#E A A ¥ &A1 * Markov

=k
T
A
&)

Bt R F AR 5 £ B

chain Monte CarlolMCMC) = % i& {7 % Z ## #x#& %(Fisher’s exact test )

(Guo and Thompson, 1992) -
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2. EFEL

kite

1
BAYTEER B EHES G 0 7 B Wright's F-statistics @ &=
i# 7 <4 8 (fixationindex) : Fis~Fir 1 2 Fsr» k3®& FHp e

w2 @ %R 2, (Wright, 1978) -

(1) Fis: 5 %3N Bal2 BiTRpefiiz i oodg ik -

% Fis=0 o 27 B E LM EPRAETRE S 7 Fs>0 BFo 457
EHET G TARADER D Fs< 0 o AT RARA

(outcrossing ) = w 4 (Wright, 1978) -

(2) Firt 5320 BB REN & AR 04 18 -

% Fst<005 pF > &7 %E#FHFF WA A L f2) 5 0.05<Fst<0.15
P dom X CEREEG P EA oA, @ 015 < Fst <025 s =%
HE L3 RALI Ay Fsr>025 o A7 R as itz

# % (Wright, 1978) -
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—_ ~

B P R AFrR* o580 2 I ~ST &6t 4 A
( individuals ) ~ =% *% ¥ ( subpopulations ) » 2 2 % %8 *z 3 ( total
populations) = Ho % 2# P #75 ¥ 2 LRI R F AR T35 He &
HEHN G A EHLD B FR DT Hr 5890 % B R
- AEEL S L P EATEIAEINOERNEHDPIRTR -0

FlS‘FlT‘FST.E?{iRt“Fs’»‘*ﬁ’JFaéf,’?;% :

1-Fr=0-Fsp)(1-Fs)

(=) B
KRR - A FRERBACEEY RS BRI o i B EY
% (probability of identity, Pap)) k% 77 » H 2 % 5 % ¥ PN & BB
M d - ARz AT i F o A BT BT D i S
AL RIS FHeF AR A F A AR o B - AT B2 BAEE S

2 7% 4T (Paetkau and Strobeck, 1994 ) :

n-1

n
Papy = Z pl + Z ( 2plp]

=1 i=1j=1

e opip ANGFAFELY S 0] BRFAFZMS

NG R RTFIEL T R AL Bk

ok R R PEEY S BATIAHBNET I B B BRE

X

SR LA FIR B F LR - R R ST R

%

§ 0 A kR 5 EHARG 0 BT @ PR BRES S 0 6 %
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HAL G EAF AT RBED 0 TV R REEA 2 5

¥
™

BRES S > RHdradFEured v 2 ko) A F Rk E o
Mg TR WS R E G e R R BF R ITM
3 48 #-w) & (probability of identity among sibs, Papysin ) & 738 » H =

7 4cT (Evett and Weir, 1998 ) :

n n 2 n
Pupysi = 0.25 + o.sz p? +05 (2 pl?) ~0.25 Z Dl
i=1

i=1

2P opit R AFREL ERFAFIZAS

ntosAFIRY T R E o

g BHEN S Y B R A BT L R E RE AL
BTG HE R BHMENT VLG REL > RFRED 5 ¢

R BRI &K g I TR B E s T

. EH OB ES F ke (Waitsetal., 2001) -

(=) i# B3ed4r (genetic distance ) £ 3L B x4 (phylogenetic tree )
1~ i Gpegpst ¥
BRI FE L BEASSE LR LR ] adgih o £
PUF R R R SEACEET B AR IFAT] i
2 FEHAEE > G SN EER gl BEEg o » T 5 Nei (1972)
ik iz i BpEdp D o

Jxy
D = —log, <—>
VIxly
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2d )y = ?=1Z;rl=1xij2 /m
Jy = Z?=1Z;'n=1 Yij2 /m
y = Dic1 2j=1 XYy / M
et B XEHEAATIE Y2 T FATIES -

Jy i % Y EHAAFIR Y 2 T F T F o

mt g g e -

nAF R AT L E AT R o

MG G MATEF ERALDEBIFARPIT R 2
Mo @AM AR RS 1 @R T A e b
A5 00 B2 A AT o I A MR R A A B B CRREAE A 4R 5 AR e
A > TR SAGRE R o A g WA A 2 A
& 2 L@ (Barry, 2007 ) > - & 5 A S BT I E 2
(unweighted pair group method with arithmetic mean, UPGMA ) » ¥
- R AR g 3202 (neighbor-joining, NJ) -

A RE T IEHEE - AHEOEL 2 2 H AR LKA
2B A A s T hoE BRSSO S A apiE e £ 0 L (branch)

fou & & 8L (node) sHEEE > £ #-5 A s A - B3 & (cluster)
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FEAHET SRR R U S AR E o s r ke e
A 14 (ultrametric) 2. 3 12 (rooted ) sk B (B 6a) & &2t 75
e A e o ﬁ&%ﬁt?féifﬁ % (Barry, 2007 ) > scif # kb * »baE #
i A e

MR-l 3 B4 Saitou and Nei (1987) #7441 » 2% 231 5
FEAsE BEEg BT N AP AR A KT H 0 @ A F P2 BB A
P FEHE B o AP AR S B A AFE =& - &% (unrooted)
HOR B (B 6b) @ W5:E- B & BApid o dpft K A g 3 aieT 32
WHHEHZ MBIV RIFFEASN T FPELE TG B> &
ENERES - ST RLE v N A K E

BEE NG H A R AR B ap i > T A
£ P~ @& (bootstrapvalue) kT H ¥ g2 Fgitehv B B > 2 @ N
AT N ARG ARG PO A R TR 0 A A AR

& - A2 &akaxe 3 (Felsenstein, 1985) o
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< c ) Root

—

Time

Bl 6 (a) A4ctg B e io832 (UPGMA) #2405 19442 (b) ARzl 2
(NJ) #7ig &4 & 48 o
Figure 6 (a) unweighted pair group method with arithmetic mean (UPGMA) rooted tree

and (b) neighbor-joining (NJ) unrooted tree. (Higgs, 2001)
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Ak R et b2y

MEEEREFEES AR SR A kR R R P
WAL LT N s L SRR RS RSET S A
WO TRENRS > 0 FUkFEE RS LR i a4 B (genetic

linkage map) PFeg i o @ 2 &5 5 i LA R R g

"91‘*

Barendse # % (1994) #7i& 5> &% 7§ FHH 4 For2 T By R
2 1236 m A Emere S s BlEAE S 2990 M s @ Y T MSREAE %
25cM > EEEHRIHH L & ATk 20 A# (Kappesetal,1997)
bAaig @412 G0 B & BMCR s (Food and Agriculture Organization,
FAO) # & £ 30 Zfciwh 3yt e as¥erd @ 5 oy
(FAO/ISAG, 1993 ) i > 2004 & { #7 (FAO/ISAG, 2004) - m {s » W%

i @+ € (International Society for Animal Genetics, ISAG) Ht & £ 12 ‘il

FEE T L et Mg G2 B #kpP A FA& (ISAG Conference,
2008 ) -

¢m

31F % 3t (multiplex system) £ 22 ‘= piciEmh 28 o

AN

FEAIIT 6 &
4t E FE R 1,022 B2 0 2% $27(Red Angus )~ @ F* #5( Simmental ) ~

% 168 (South Devon )~ 4t W& 2 (Gelbvieh) £2 % ¥+ #7 (Salers) % 7 # &4 >

S+

311 FFp LR M B2 T o SR AT 0 W 22 EicER ERE PIC
L imiE i 059 #aAsed Y - MBAFADFERT o FER 1313 &
Pl steh 11 B S R bt 2 B SRS 2k 5 (Exclusion

513 % s d

AN

probability, PE) & 5 95 % 98% > m % & 1 1] 6 %
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Bt Y EPIATE 9996 LI prp S o AT 22 iR R R
Je* A EW 0 ¥ 24 3 AT 3R (Heyenetal, 1997) -

m Peelman % 4 (1998) pl& @ * 7 & 5313 ki 23 wikiFrk s
Bo I 4 BEALL D EFE 0 JIPFEZ (Belgian Blue) ~ it
Iz 4 (Belgian Red Pied) % & # fF4t.#7 (East Flemish) > + 50 gfi& {7:%

SRR BERRT o ERBAFIRAA G A BEALLEY 2 Ne f R
138 = 846 Ho ,%J?]; 065 = 0.71- PIC ;ﬁv%]; 025 7 0.86- @ &
tr BEAEAS EE KA B F ST EHERS BREM HIFE Po) #

Bl % 1.001x10°2% 4r 2.892x1072 2 fF o 32 BIFf3n 5 o 23 EAchrh itk p)

<

Wip 4 BEAL LABHEN I L5 AT AR L EIIER o

¥ g—g STERERYF EBAL LSO BN EE MGG
T 20 mpchEE R 3 BRTE R G B A M A g K EL
(Sahiwal ) ~ ¥4 2 3782 (Hariana) ™ % s g~ 2 (Deoni)» = 136 g2 &
BFHRR S ERET 0 T MR R A 2 B ST 5T A Tl R
= 52 1 65 Ho %Es‘]:é 042 3 059 PIC !pwl?e‘]; 055 1 065> 2
A EL GRS AERRN  JEREd N H REERI AR TS B
L E®E e Fst 5 0113 2 7 &R MY Rend @A V{35 @ Fis
5002420 2z BEEE ET N 5 TARMAS FGEER o TGS M G
FUBET @b L EHIRAZ Bp R £ A R T 28 et (Mukesh
etal., 2004 ) -

Zhang # % (2007a) etk 7 A 472 &3 @ 4R 2 SESH - # * 30
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PR R AT B 27 B K SEE L2 1638 5ous 3 B AS

A s 179 5o ¢ 30 mAcHEL RS LY REEE 2 8 REHAL Lin

)
f

Tyo A FlHA B 5 9.003 fr 6.885 Fst i 0092 %7 SfERE R

B @ e it g o 1% UPGMA 235 i Wpeapstyt 30 B &g 4

RGN Gl SR AT R RSEE Y BEER S 2 RS LT
FALABEEH- L 5 BEAE S (humplessbreed) = 8 > ¥ - # 8
L 22 A& 548 (humpedbreed) 2 & o i&— %% 27 B¢ B&EfF 2&F
HEEEEAS O BEPpNAYRT NG I BHFL AR AEE LY e B
e R 2 (Bosindicus) m %24 & A w1 & A F A BEILIE S IRILIRE
TR F R R oo ¥ - HER S w2 (Bostaurus) s F w2

GO ABATONP WAL TR F A KEF S Fe R REEB LI

ARZ2 "2 EGOP o P W g.%zﬁjg i T T
Hrd@egdp % 12 wichwhha AL kp Y Mw%e 4 Bi 2%
AFHfAEE 2 5 00 FF oo BEET oo 2t 12 BikiEE R KR 247
BRFAF] TR AT LFAFELS 21 B0 Ne 5 119> 975 Kk
#h e Ho 1 4 & 078 098 2> PIC #F 5 077 1 094 2
B2 PIC 2 090 & Bachrh oy B33 & 5B 2 79THRPIZ %
MAEFEE LAATIELG RGBSR T by 12 BakiEL T

B2 Lp #c (fixation index, F) & —0.0076 > i & 3N F 23 £+ B R
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5o Wiy BT grenig 2 2~ (Sunetal., 2007 ) o

TR R ESEN AR e SR

T

d
e

e o 1T i
W B EH AR B EARE BRI P 2 EREE )

P2 R EN TR Y O R R L
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Table 1 Studies on genetic diversity, individual and parentage identifyion with microsatellite markers for cattle

Microsatellite marker Breed Reference
Multiplex 1: TGLA57, MGTG4B, AGLA293, TGLAT73 Holstein-Friesian, Red Angus, Simmental, Heyen et al. (1997)
Multiplex 2: TGLA227, TGLA126, TGLA122 South Devon, Gelbvieh, Salers

Multiplex 3: TGLA263, TGLA48, TGLA53, MGTG7
Multiplex 4: URB060, URB002, URB031, URB036
Multiplex 5: URB038, URB042, URB024

Multiplex 6: URB014, URB037, URB048, URB059

Multiplex 1: CSSM014, CSSM016, CSSM022 Holstein-Friesian, Belgian Blue,
Multiplex 2: ETH3, ETH10, ETH225 Belgian Red Pied, East Flemish
Multiplex 3: BM1818, BM1824, BM2113

Multiplex 4: TGLA122, TGLA126, TGLA227

Multiplex 5: MGTG7, TGLA48, TGLAS3, TGLA263

Multiplex 6: SPS113, SPS115, CSSM036

Multiplex 7: MGTG4B, TGLA57, TGLA73, AGLA293

Peelman et al. (1998 )
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Table 1 Studies on genetic diversity, individual and parentage identifyion with microsatellite markers for cattle (Continued)

Microsatellite marker Breed Reference

BM1818, ETH3, ETH10, ETH225, HELS5, HEL9, ILSTS002, Sahiwal, Hariana, Deoni Mukesh et al. (2004 )
ILSTSO005, ILSTS006, ILSTS011, ILSTS030, ILST033,

ILSTO034, ILST054, INRAOO5, INRAO35, INRA063, MM8,

CSSM66, HAUT?24

BM1818, ETH185, HEL13, ILSTS034, ILSTS054, Yanbian, Zaobei, Enshi, Xiangxi, Wenling Zhang et al. (2007a)
INRAOO5, INRA023, INRA032, MM12, TGLA227, Humped, Wannan, Dabieshan, Guangfeng,

BM1824, BM2113, HELS, SPS115, TGLA122, TGLA126, Minnan, Guanling, Longlin, Hainan, Nanyang,

TGLAS3, CSSM66, ILSTS006, ETH225, ILSTS011, Jiaxian Red, Qinchuan, Bohai Black, Luxi,

HAUT?24, INRA063, ETH10, HEL9, ETH152, ETHS3, Fuzhou, Menggu, Hazake, Yunnan Humped,

ILSTS005, INRAO35 Pinglu Mountainous, Xuanhan, Sanjiang, Ebian

Spotted, Tibetan, Jinnan, Simmental, Charolais,

Germany Yellow

BM1824, BM2113, CSSM66, ETH152, HEL1, HEL13, Qinchuan Sunetal. (2007)
HELS5, HEL9, INRAOOS5, TGLA126, TGLA227, BM315
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£ Ap b i E A T2 ]

(=) 29F3 5 AF2 7y

1.

49uF S 5 AT 2 A%
4 »v% 3 5 (Myogenic factor 5, MYF5) E_J»tsvp a4 #r 7]+

( myogenic regulatory factors, MRFs) A #3722 —- » H s = f R

-~

v

7 4 9wk v 513 (Myogenic differentiation 1, MyoD ) ~ #vim¥®z 4 & %
( Myogenin, MyoG )2 2 4 s»~%]3 6( Myogenic factor 6, MYF6 or MRF4 ) »
@ fsup 4 2 (myogenesis) dBAEY o B RIUE RO 4 o L1 R E A
Bt F3 4r3 2 (Weintraub et al., 1991) o

sup 2 e F]3 % E 4 basic helix-loop-helix (bHLH)

i

oLy g

eq i

-

g1 2 ) L pfEr s 3 F 3 eh E-box (CANNTG) 12§ 4% &
Ay FF kA piep 2R T a4 L (Blackwell and Weintraub, 1990 )
Davis % % (1987) &% #H MyoD A% 2 (SHEFFRE 5 = fFop
AIFF T AR RS fE e 4 AiEARY Ly H AR R 0 A
g he e a st A2 MYFS 5 MRFs ¢ B k343 4 3 engk
1> MYF5 22 MyoD 3-v ¥ rz -4 a* % (fibroblast) 41 5 9vvga
2 mz (myoblast ) & sugh 2 e 5 4 pk i Ed MYFS &2 MyoD -
B4 MYFS ¥ 3 MyoD i > @m MYFS h& 3R ¢ < 3] MyoD
Fr41;MyoG & MYF6 Rl i¢ B Prewop 2 mse g & 5 il K & 5 5 o
# (Perry and Rudnick, 2000) (B 7) -

B Bz vep AR TS f&fﬂ;“]‘,lf (gene knock-out) F 2. &% BT

MYF5 mRNA % & ¢ 7] “,4rf MyoD Pk % — & ot P gsin e F 3
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Tofe g B4 &g g (Rudnickietal., 1992): @ & MYF5 7%&*}'1‘,%5* ’
MyoD ~ MyoG % MYF6 mRNA £ E i # » $Hivg s a4 > ek

Bi AT REPER BT Ut G RERE d ) R

s

F.

A
E-)

&2 vfvm 7= (Braunetal., 1992): & MyoD ¥ MYF5 %f&ﬂ;’d%

P RRF Y o BE R 2 FRyeand 2 (Rudnicki et al., 1993) o

-

a2 8 T ed SMYFS AF3 % b 84 s BRERERFZ 0
X 30cM: Ed = @*tE S+ (exon) %2 & Bp 73 (intron) #rie= > ¥

d % -t %5 bHLH %14 (Lietal, 2002) -

MY-fﬁ lTI]ngEI‘IIﬂ

el

Terminally
Somitic Differentiated
Cell Myoblast Multinuclear
Myotube

Bl 7 9op BEFT 2P gep 4 LA o
Figure 7 Functional and genetic relationships of the MRFs in myogenesis.

(Perry and Rudnick, 2000 )
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ERC RN R R T DS r,

AEd ity g 22 P FERIRREEBFF BT

(o
det
i
B
!
o
b
=)
=
BE
e
|
<

Ll R e S IR S L

e

o2 LA SRR AN SR EAa R b e T
Li % 4 (2002)% . MYF5 A 7>t 8§ 45 & %] & (quantitative trait loci,
QTL) z T imsrddrcnd £ ~ BHZ p Tk B o tcp e 7%
MYFS A Firi g2 824 £ 2 By RkipdaiziE A% (candidate
gene) °

EER LS LS MYFS AR B RIMAT Y

‘F‘_L

2 g,—lﬂz
I MYFS A Flcd 3 %2R 9.-723G>T 22 SNP - 77 7 % &% 7
# I MYF5 %] 9.-723G>T 7 SNP ¢ 82 & K £v? MYF5 A

Flern mMRNA £ R E » & 2 #28F p (sirloin) g £2 q»E 5 ¥

MM (P <005) % GG A M2 84 @i i

=k

( Robakowska-Hyzorek et al., 2010 ) -
Seong % 4 (2011) tkplss M+ 2 € @ 582 (Hanwoo) **#
MYF5 A Fleh? jift > THFEHE 4 Efek WM kafl %> MIFZERT

fainipthe g % & MYFS A %% - p 35 B8 MG5 AL948G H SNP:

14-
e

Fie- HaARMEA Y F o F T AA AT § ) HERS i

m

PRRE oA F T AG AT R EERY T ER (P <
0.05) -

¥ Ujan % % (2011) f#mgiiz (Jiaxian red)~ & & (Luxi)~ %
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5 (Nanyang) 2 2 "2 %7 g+ B3 2 5E2 L83 MYFS A7
$i- MBS RE F AIS53C ¢ SNP %% 2 824 MM 4o MN
AT > Tt mBh2 F f it G TR EAAME AT o B
oS oOMYFS AT % - ¢hEgS+ + ALS53C v SNP 24 & 18
T g (loineye) & & - MEPL G 04 2 -k (water holding
capacity) 7 & &x4pM (P <005): # 3 MM A FAlh2 & & b affd
B ek & R o

FLVHaRKRATRE Voo 2 8 MYFS AF]e ) g2 g
U T s AR 2 BMM R EG - TR ARkt s

L2 BARPREAT AT F LB QE R

=) % BED A#&4pdd 6 AF2]

# BED 4l#4 %9 6 (Zinc finger, BED-type containing 6, ZBED6) & -
DNA i& =3 (transposon) - i a3t Padef fLipde o @ > =30 ZC3H11A A 7]
-pz+1+ o ZBED6 &7 - BhEF o i:EARE 900 BRAEF 0 RS
w22 DNA % & & BED gbfﬁ&é oyt ¢b > ZBEDG A FIEPrif L ipd b
5 ¥ LB RFT o ZBED6 A FIF ¥akh 5 - #EEFF]SF 0 ¥ AR P F Rl 2
BT iRAeY > (T4 IGF2 ##4-pF engrd) 3+ (repressor) (Markljung et al.,
2009) -

Markljung % % (2009) #-| & =3vim?z ¥ h ZBED6 2 F)i& 7k F] 5 &
(gene silencing) :#% - 3% 7% ZBED6 ¢ 5% IGF2 AF|x=p 373 7¢

SNP i=gr'& & > kPrd| IGF2 A Flend o § ZBED6 A F#EF{E > IGF2 o
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FIEAF o mre A R veE A aid & 4e - B Huang % 4 (2014b)
A G A TR AP R %> T4 d ZBED6 AR F] AR e A
PHFER LT o

Huang % * (2013a) # M &+ & ZBED6 7 F1¢ 3 = B SNP =2t :

-826G>A ~ 680C>G £ 1043A>G > Hipl* s B2 %y v B 5 § il ¥
- RN N i RERAR LR R Rl S S A R i

£ (P<0.05) - Aty B %R ZBED6 L Fl2 § it 4 0 2 %3

(Z) FABAS~EEE T 1o AF2#77Y

s HLF SR ERS AEA S RS v 7% (sterol
regulatory element-binding proteins, SREBPs) &_& & &4 %]+ > £ 5 basic
helix-loop-helix-leucine zipper (bHLH-Zip) 4 » * ¥ & & p R4 7]+ 25fcdh
+ % # 7 E-box(CANNTG) 2 #fg 3 & ~ i (sterol regulatory elements, SRES )
SFE o FFPIEATIZ B AREFAMBOE S LR BRES Y FHEHEL LD
3 & (t* (Eberléetal., 2004)

FfEA & A 2SS T 725d 2 MRNA G782 X2 k@ A4 # 4P
e £ 547 o= fiF 1 3] SREBPla~ SREBP1lc ¥ SREBP2-SREBP1 &
F%#5 SREBPla - SREBPlc>SREBPla £ SREBPIc d *t% - *t &3 1%

FoFlam HREP aTYad 3+ 4 A 4 3 g gAz 4 =25 SREBP2 Y d fb
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> ¢ SREBP2 £ Fl%#& @ & (Hannesetal., 2002) - i + > SREBPla 2
T 3B RAEE R R E DS Hx ] 2 FR - SREBPLc Bl %
Z e FafomEfa ) P AR 4ETEY o & SREBP2 i & £ RLEPEFE L
& o

4 ¢ AFwed o SREBPlc AT % 10 344 411 » B AT 2L &

F_k

17,482bp > £ § 21 f *H87+ o L% = § 3% § % rdy 91 SREBPIC A ¥t iicd
ARz g BF PP rg £ - T RSB P Rk
(Tayloretal., 1998; Lietal., 2004) » @ iT#& %k » ¢ 3 7 7 % ] SREBPlc #
Fl2o 5 r e A Bend Lk BF AR > bl4e Huang % 4 (2011b) # 3

2 & SREBP1c A 7% - M 7+ %3 84 bp # 42 A F) 5 L2 H° R &

£

B2 L RARE AR KA WW 2 WD &A% &
kA A R Ao 0 AFAl: WD B s Ap st WW 35 ¥
BB nd 4 £16:12-18 2 24 U SRS E 42 Tiop i € oHuang % 4 (2011a)
"It & SREBPlc A %]¢ ¥4 » % SNP g :9807G>A ~10781C>G -
10914G>A % 12020C>T: #iB* T m B 2 %372 &4 L RApM A 4515
B~ 9807G>A~10781C>G % 10914G>A p' = B =B % ¢ HER T2 L2

FeEgen2 £48E (P<0.05) -
SREBPIC it 3% ¥ & chif4r%]F » 7 & A EFffoig pfieing & (e 3
FEB R IEd > gie- H PR P2 4 L2 ByP Rk H AT L2

AENPREFFr AR LB L LOERT AR E I FNET R o
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2 EARFERZFAY

‘&4 405 & 5 (brachyspina syndrome, BS) 5 — 8% 4 fj7 ff £ e 48

@}ijﬁg ) %;7; j@iﬂé‘,—ﬁ-‘%:]‘iz’%ﬂifﬂ;igg%.jf(g_},_’?;,uél'lﬁ_ﬂj_ = AR AREA

¥

LGN A2 ¢ NRMEFE LA frgEnEE A F TR D
Fous 25T G Rk o R s B S AL AT 2006 £ - 4 (Agerholm et al,
2006) - @t 2012 ##d@E=c£ A4 (next generation sequencing, NGS) =
HERL RS RF] . F A2 T % 21 84 4 # + Fanconi anamia
complementation group 1 (FANCI) A %15 33kb FEcnad 4 > ptad 4 ¥ gL
¥ FANCI %)% 37 Behags ¢ en% 25 3 27 Pl g3 %5 T HRSBBR
% (frameshift mutation) (Charlieretal., 2012) - p # % B3 2 e b 3F 2
P pbpskz 2L 3 BREF AT AE WS 6% (VanRadenetal, 2011) ~ 7
W % 7.4% (Charlieretal., 2012) » &¥ Wi 2.2~4.9% (Fangetal., 2013) -

il B R R B DAL
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FANRY

Wk P o
TERRARSAREEr 22 X 2PEFE AR wrRBRAS
pes 4 > iyt R v EARARAP R 2R E S > T &’]‘én’%ﬂ

WALE 2 A& s WADap Ehie M NERPFREAMAHFLE =

RAE - Z2RABFTAR S BT AT RLAS P 2R 284

HPEFEpg e - 2 p Mo~ 2 FF LR B FF A HAN) o EFR L F]
445 R PSR R BEAVLE chE 2 B A ) A R R AR
EF ST S EY SRR PO TR Y LY S E IS B

R RAE S MEEad B2 0 &) SR BE 2 RHEF R

MEHER S RN

o AR ERPERAGEEP R R BE L S RAF 2
FABP ROFHLE LR LREIERE N RLEFEL L2 BB R
B SFEHEETEREN OGRS R S RELEE BHEYT

WoRFE- BT EL G L LNz B FE AT A M LA 4

T R Rt s g ad BE L REE L SRR 2

Rl EM AR EFHE AL T AR RE S UKL TR LR

e S ST SE T TR
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3~ HE g
- A LATRIFL R R E A

WRFIFEE  ER ML L AL R B

(- ) #&Hb P
PHREFEFHZ A E OAFFPREEY AR AR AL T
J];rs,,gjs SR EPERIFE- -2 EARRH HP 22 g @y B
e 7 %t (Charolais) ~ # 4= & (Brahman) - 4]+ % (Limousin) % 4%
BFEr a2l @F P LA FLE AR 2 (Gelbvieh)
EEBE L REHREPRES £+ 2B H DNA 4 ~ (GenePure Tech. Co.,
LTD., Taiwan) - % H k&R fo&fis et 20C /kia i > orj h Az

BB % w3.p e (GenePure Tech. Co., LTD., Taiwan) (@ 8)

(=) ik RaséiE
1. Rz
Bt s 2 8 BAen gDNA (100 ng/uL) % 20 pL > 1% Rsa |
(catalog #R0167S, NEB ) 22 Xmn | ( catalog #R0194S, NEB ) *4|f% % &
FEEr o F i MAE S 25ul0 ¢ 3 2.5 uL NEB 10 X ligase buffer ~ 0.25

pl 100 X BSA~ 025puL5SMNaCl~ %2 Xmnl £ Rsal & 1puL- ¥ 3%
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37°C kipth»F & 40 & sEofrr fo ) 1% 3 g pEsRiE € AR A S AT

D445 300bp & 1000bp 2 A Eif DNA ¥ &£ B4k %8

@ DNA P EReais

P~ % 8 f SuperSNX24 Forward ( 5’GTTTAAGGCCTAGCTAGC
AGAATC3’ ) £ SuperSNX24+4P Reverse ( 5’pGATTCTGCTAGCTAG
GCCTTAAACAAAA3) 313 > ¥4 » NaCl 2 &% ER % 100 mM > ¢
#3 95°C (S ArE 308 A58 ki 35 (ds SuperSNX linkers) »

BEFUHRELF RIAR# 7 ds SuperSNX linker 5 uM~10 X ligase buffer ~

800 units T4 DNA ligase( catalog #M0202S, NEB ) > ~ 484 = 10puL -

Bk frr A4 (5 21 ul)4e » 10pL & F BiART 53 16
C M®F & » 11 SuperSNX24 Forward i i 313 27 PCR &~ Bfrin
BEFRATSFoF BRAMMA L 25ul, # 45 1 X PCR buffer~25 pg/mL
BSA ~ 0.5 uM SuperSNX24 Forward ~ 150 uM dNTP ~ 2.0 mM MgCl, ~ 1 U
Taq DNA polymerase (TAKARA Co., Japan) % 3 & * g A4~ 2uL- f|*
Veriti® 96-well Thermal Cycler (ABI PRISM, USA) {7 PCR ¥ Ji& » ¥
R EEEL 95C %1 2 »45;95C %1+ 20 5-60C 45 20 #) ~
72C w15 ~48 Pk 20 o Efeibdr: 15C-F e E 0 1%

PR AL 7R 0 Rl PCR A 4% 2.3 & 24 515 -
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W B T2 S F 2 45 B 5|3 4 (biotinylated-oligos) £ 2
FlE ¢ DNA FEses  E 4% 34 “Fo % (streptavidin) shgisger 2 &
£ FPd FEAPFEG R TV I BES AN T AR D
BB e A% 1345 Glenn and Schable (2005) #7352 & 4F A 7| fE 47 %
PSS R B AR E S B E 0 TR RRE S A EG
Fére & - 1 (TG)w2 ~ (ACT)12 ~ (ACAG)s ~ (ACTG)s °

4 s = 1 (AG) ~ (AACT)s ~ (ACAT)s ~ (AAGT)s -
4o 2 = 1 (AAG)s ~ (AATC)s ~ (AAAC)s ~ (AGAT)s

P~ 10pL Az &2 gDNA HE 4o r F R R BB HFA %> 50
pL & 3% ¢ ¢ 3 25 ul 2 X Hyb solution (12 X SSC, 0.2% SDS ) % *
WiE- e s FREIEE 1 uM e # % Veriti® 96-well Thermal Cycler
(ABIPRISM,USA) it 73 & F s » L4 3 95°C 5 A4 5Etsp 70
T 4=% 5 % 02C 21 50C-* 50C ®#F 10 »48 4% %= 5 )

*# 0.5C 2 1 40C > &4 4r2 15C

|

L F ek P> B 50 uL & 3 ( Dynabeads® M-280
Streptavidin, catalog #11205D, Invitrogen™, CA, USA) 4c » 250 uL TE
buffer (10 mM Tris pH8, 2 mM EDTA) 2 3 » M E4BIE F M E 4o =
BATR I & %% i r2gt i e - % 250 uL TE buffers & = 250 L
1 X Hyb solution (6 X SSC, 0.1% SDS) /- 3k » £t 4 150 uL 1 X Hyb
solution £ X7id 5Bk ©

;g_gg,fnénx,ﬁ,,b,gylﬁﬁa,u#ﬁj’%ﬂﬁ?*“*-‘ w3 40 &
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i I B HE 0 T2 K/%j ik e A WA A=t 400 pL
washing solution 2 (2 X SSC, 0.1% SDS ) £ % =t 400 uL washing solution 1
(1XSSC, 0.1% SDS) i@k » # “,4rt ABE45e L gDNA F 8% 7§

A ENEE £ o B fs 4~ — =& 200 uL TLE buffer (0.01 M Tris-HCI, 0.2 mM

~

EDTA) » 12 95°C 4e#t 5 A 4his » BB Fp 2 arenpic B a3
¢ o &b 4 » 22 pL NaOAC/EDTA %% (1.5 M NaOAc, 0.25 M
EDTA) » F4c» 44401.95% ¢ fRfs+ THER S » 3 -20C 20 4
4 1 14,000 xg #rew 10 A4S A kLR 0 02 500 pL 70% 2 fF i
AP - R b s 3 “f Gk FU R 2R gis 0 1425 ul
A R w B oL REF A RS F L PCR F RiFiiE

7 PCR> #itg7 7 £4F A 52 gDNA 2 B (718 F sk o

BEEE C DNA P 5 R T 42
Bt § 1 A4 4t~ pGEM-T Easy vector (pGEM®-T Easy
Vector system, Promega, USA)» 2% ~ -] i & 2 300bp % 1,000 bp > 12
3:1 2 Insert:Vector ' bl:iE 7 & F o F BRAMAF S 10uL> o 7 1
X ligase buffer ~ pPGEM-T Easy Vector 50 ng ~ T4 DNA ligase 3 units % 5 3
R ALY 0 4C F IR R -
#apiggaj it B o~ HIT Competent Cells™-DH5a (Real Biotech
Co., Taiwan) ¢ o P~ 100 pL 2 2 fw% 4c » 10 pL & 2 %4 > 2 3 1

ok b E R 10 z)ﬁ_oi&-ﬁ?j;‘,’%i’a/}&w EipoxEYRE SuULIPTG £
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40 uL29% X-Gal # > % ampicillin (100 pg/mL) 2. LB B 483 % 3L » >

37C % 16 [ PFis - % R ET KPBG F T -

Bl FEER ~ TFEI 3R

BepiE b RRE S F B2 PCR K giEi* i {7 PCR min i &
AFAPEr P @R FT FEP0 d RE AR RIRIRY BE T
To4or B2 4 DNA- 1335 PCR 2 %4018 s B - B2 B E
Fo#r 4 1%3 4mL 7 ampicillin (100 pg/mL) 2. LB # % %<1 15
mL g g > L2230 37C #&B % 16 /) PF o k22 (alkaline lysis)
44 2~ 2 5748 DNA (Green and Sambrook , 2012) » = 1 * T7 31+ 12 ABI
3730XL DNA Analyzer (ABIPRISM, USA) i PCR A4 T & o

BT B S i TG EFEIRIASTAITER > B
Microsatellite repeats finder( http://insilico.ehu.es/mini_tools/microsatellites/ )
BERANY 7y EAHE R BERATERY D EAFRIIEAFE 6
T A EAFRAEAR R 4 T F o RS T A Y L B MR
HofmigE e BB % Primer 3 Plus #25% (Rozen and Skaletsky, 2000 )
P EAFE A RIAEFIEFSIF R T A Forward 513 2. 57 24
+ CAGtag (5’CAGTCGGGCGTATCA3’) - £ {I* = &z FAM (ABI
PRISM, USA) % k2 CAGtag w i #3 3/ + $eh% = Forward 31+ >

-

P TR RIEN T 2 A
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P~ 300pL @ £ 3R 1.5mL Zé&?é_%épu%‘ 5 4 r 900 uL 1 X RBC
lysis buffer (19 %) » ;2 3 {633 B8 E 10 ~ 45

.o 1 13,000 xg/15 sec

\4

#% t jife > f 4o 900 puL RBC lysis buffer

M3 FEFE 10 248

#r.w 13,000 xg/15 sec

A\ 4
g LR SRS 37 TS 4o~ 1 mL Genomic DNA
Isolation Reagent (2 %) ik » 2B T F g 15 448

l

[ 4e »~ 500 pL chloroform » + T iR £ 353 ]
: A
l #r.w 1 13,000 xg/15 min 3
=

[ BB iRt T 15 mL AR g

l

[ 4e ~ 0.7-0.8 &} ik 48 4% o1 isopropanol > + TR £ 353 ]

\

l £ FA ] A g s @ DNA UK

[ # K,ﬁ:j -;—;.%;‘& » 4v > 1 mL 75% ethanol i%i;tmiﬁzi DNA ]

l F 130 L A g @ DNA Tl —

[ B0 1 it o FIEREALE B e~ 50-100 uL A B4 4 ok ]

l

[ # DNA = 23285 > PIeERZ SF > %3 -20C & * ]

Bl 85 ¢ & kPR Fle DNA 2 jndg o
Figure 8 The flow chart of genomic DNA extraction from leucocytes.
( modified from GenePure Tech. Co., LTD., Taiwan )
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s MR b2 PCR#IGS 5 G116 )

SHRBATACHFEESLGFIAF TS REE B 5B § APE
kp ot B4 ¢ % A #%TE S 4“7 (Hengchung Branch of Livestock

Research Institute, C.O.A.) ¥ 32 sg2 L 48 » ¢ 45 21 g2 %F 2 -~ 8 &

31

33 % 2 (Hybrid yellow cattle) 2 3 #p ¢t W3z £ (Hybrid foreign cattle )

g+

AR RS AR BT R 637 B2 L B AFAKR

\m

FpABEELL LNk R ARKES ~ T2 343 A HE 270
e F L 24 FUAREIEE 24 FFAEPE kP AP EE AR
( Kinmen County Livestock Research Institute ) 2. 54 #g £ #§ 2 5 k p 3 & F
% #1371 A& 9 (Xinhua Livestock Research Institute) 2. 26 &g 4 %% 2 & 13

P

WA 3 Rk ph A RERATICEM Y ¥ 55 (Hualien Animal Propagation

5

Station of Livestock Research Institute ) 2. 83 &g & 4k =+ - H P fe 3 § = %3
EEH L HBHOEEF Fed e 2 AT L2 11 3 BAREE S
AR A EE T AP S CEBHMOR B R e 7 2 3 3 BOARE
el (% 2)e k2 637 B2 LA iAo ¥k E B gDNA 2 J

217 gDNA %2~ ([ 8)-

) PCR #1528 & 5% 5 & 24 e
1]% PCR 4 IATAcHE k2 515 5 7 S5 5 5 > & 38 5

uL> # ¢ & 2 30ng #4% gDNA-0.04 uM Forward 3!+ ~0.2 uM Reverse 3!
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+ ~0.16 uM CAGtag ~ 1 X PCR buffer ~ 0.2 mM dNTP % 0.025 U Tag DNA
polymerase- = i i 2 95C %+ 4 »45:95C %1+ 50 #-60C 4424 50
F)~T2C w1 A4 Paok 35 =0 Efs g u 72C W 7 245 -PCR F
Bts o 0 1% 2 P pERREE TR A o FEih PCR AT = # Kty o

ML RS ARgAPERREEOWUE > R ¥ 3R AT % (HI-DI
formamide) % 600 Liz 4~ &+ & & # % ( GeneScan Size Standard GeneScan-600
LIZ) (Applied Biosystems, Foster City, CA, USA) 17 120:1 &2 & » B~ 10
UL 4ex 96 FtfkdF o E 4o B2 PCR A4 1 pLo 75 mg kA
70 Rl H R g A S e B ) o AT P EC& ] B % 11 Peak scanner 1.0 (ABI
PRISM, USA) #t4ie i7 & 514 4 45 o

ESRPRIERG  ENAFATHAES 3 2 15 mATHCHFEE B

efr 2 &z AT AR -

) #5313 PCR i % (multiplex-PCR system )

41* NCBI Primer-Blast (http://www.ncbi.nIm.nih.gov/tools/primer-blast/ )
g A AT TR (Bos taurus; taxid: 9913) i& (7 ATAc R RN A & R
2 3F - d vl SR Y g L &R (product length) i® 5 2] #72 ik 4k o

BEFATRMFLEESEAS YE S LI 4 2% £ (FAM, NED,
VIC and PET ) #hze#riB2 15 fiTikfmh s I A 5= 2 5313 K iigis
PCR Fls (% 3) o % - %313 k¥ 4 513> % - w5513 x5

¥ildom a8 35503F khik 6 HilF o= 3513 kiLd i fpk PCR
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FRiEE > 5 95C %44 4 A4 95C %44 50 4~ 60°C &8s 504 ~ 72

T w1 A4 TR 35 = BGER 0 T2C w7 A4he
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2 2KPpARHL S BEELLED - FTi

Table 2 Number of cattle of the eight populations from different farms

Population® Farm? Sample size
Taiwan yellow cattle Hengchung 343
Kinmen 54
Xinhua 26
Hybrid yellow cattle Hengchung 70
Hybrid foreign cattle Hengchung 24
Brahman Hengchung 24
Holstein Xinhua 13
Taiwan water buffalo Hualien 83
Total 637

! Hybrid yellow cattle: genetic background consisted of Taiwan yellow cattle and 1 to 3

breeds of foreign cattle; Hybrid foreign cattle: genetic background consisted of 2 to 3

breeds of foreign cattle. (The breeds of foreign cattle include: Charolais, Brahman,

Gelbvieh, Simmental, Wagyu, Limousin, and Piedmontese)

2 Hengchung: Hengchung Branch of Livestock Research Institute; Kinmen: Kinmen

County Livestock Research Institute; Xinhua: Xinhua Livestock Research Institute;

Hualien: Hualien Animal Propagation Station of Livestock Research Institute.
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e 3 AR B L3 ik

+ 3

15 & & ATACHR e L 2513 A7

Table 3 Primer sequence of 3 multiplex containing 15 sets of novel microsatellite markers of cattle

using fluorescent-labeled primers in this study

Primer sequence (5 —37)

Multiplex Label' Locus  Motif Chr?
Forward (F)/Reverse (R)
1 PET YCA19 (TG), 29 F: TCTCACCAGTCAGTTGTGTGTG
R: CCCAATCAGTCAGAGACGTG
VIC  YCA21 (AC), 11  F: CAAGTCCTGCTCCTCACCTC
R: CAAAGTGGGGCAGTGAGATT
VIC  YCC21 (AAC), 16  F: TATAGGGGTCGTGGGTTCAA
R: AAGTTGCATTTTTGGCAAGG
PET YCC39 (TGC),, 18  F:AGCATTCTCCAAAGGTGGTC
R: AGAATCCCAGGGACGAGAAG
2 NED YCA20 (CA), 01 F: AACAAGGGAGCAAGGGAAAT
R: GAAAACATAAAGGCGGTCCA
NED YCA25 (TG),(AG), 22 F:GGGGGCTGATGTTTTCATTT
R: TGATGCAAAAACAGCTTCAAA
VIC  YCB03 (AAC), 23 F: TGCAAATTTTCTCTGGCAAGT
R:CAGAAACTGAACAGACCAAGGA
FAM YCB09 (CA), 08 F:CCTTCCCCACTGTCTAAGCA
R: ACTGTTGCCAACCAATAGCC
FAM YCCl11 (TG), X  F:CCTTGGAAAAGCATTCATTG

R:CAGTGAAACACAAAAGAAGACAAGA
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3 3 AEHZ w5513 iy 15 w4 LM R e ¥ ki3 A ()
Table 3 Primer sequence of 3 multiplex containing 15 sets of novel microsatellite markers of cattle

using fluorescent-labeled primers in this study (continued)

Primer sequence (5 —37)

Multiplex Label' Locus  Motif Chr?
Forward (F)/Reverse (R)
3 PET YCAOL (AC), 06 F:ACAGTGCATGGGATCACAAA
R: TCTATTATGGCGACGAGCAG
VIC  YCA18 (CA), X  F: CAGGGAACCAGATCCCATATT

R: TTCAATGGAGTGGCATGACT
VIC  YCA26 (TG),(TA), 20 F:CAGCAAACTGTTTTGGATCTCTC
R: TGCTGACTATTTCCCAAAGGA

NED YCB06 (TG),, 26  F: CTCTCTGGGCAGAACACACA
R: GGAGCCGATGAGAGAGGACT

FAM YcCC18 (CA), X  F:CCATGGGGTCACAAAGAATC
R:TGAGCATAGCATACCTCCTAGTG

PET Ycc28 (CTTT), 08 F: TCTTGGAGATAAGCGGCAAC

R: GTTGGTCTTCCTGGTGTGGT

L FAM: blue color fluorescent; NED: yellow color fluorescent; VIC: green color fluorescent; PET:
red color fluorescent (ABI PRISM, USA).
2 Chr.: marker location on chromosomes from Bos taurus, according to the results of NCBI

Primer-Blast
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S AR
FEHE g g% R A~ 472 1% Microsoft Toolkit (Park, 2001) & = F &
PR F RS W E B TR CGERRE TR S L £:5 % Cervus
FA B 4 o222 F A Pl (Marshall et al, 1998) ; # 12 GENEPOP
(http://genepop.curtin.edu.au ) 4 47 Wright’s F-statistics % ¥4 8 T i~ =_; {!
* ARLEQUIN 3.5 ( Excoffier and Lischer, 2010 ) i& {7 » &+ % = 4 7 (analysis of
molecular variance, AMOVA) > 2: 5 % 2F [ ~ 22 BRIF 2 BN 2 85
B AR RS RS F AW o
i# * Microsatellite Analyser (MSA ) ( Dieringer and Schlétterer, 2003 ) 3+
PEERF e B2 Gy > ¥ 7 f]% PHYLIP 2 % #c48 (Felsenstein,
2002) r2 sl dE (NY) &g W M 4 2 STRUCTURE 2.3.4 (Pritchard
etal., 2000) #c k88 (7 2 dc s F 2 fEE A 450 =35 10,000 = {4 ¢ 10,000 =
v~ (K=3~8) & K E€4f 156 g @WAHE L 170 > 3+ 8
AK & (Evannoetal., 2005) - ¥ 12 GeneAlEx 6.5 ( Peakall and Smouse, 2012)
g A = & & 45 (Principal Component Analysis, PCA) 8] » FEbid sk “7#k Bl &
BN BEERELE L2 A E EE G o
VAL ATHRFLIRSEET BESZ 7T ¥ 4 {1* Cervus $t 8
(Marshall etal., 1998) :+ & B %8 #-%] & (Pap)) &2 173 B %8 #%] F (Papysin )
Tkl PHP 2 ATHFE AFRTA 2 256 BHES I HUITR

B -
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W AT BERAFTENLAT L L R RAMELEFT

—_ N

=S E N R

AipSkorig v B L 168 AR L Ak p TR L € F AERKRNT
BhErdire@Fokid P RE2 LRI EPH DNA 4> 552 2 FE% -
i (B 8) BT HERfrSET S FEFI 200 kgt - BHAEL R
A BRG] L o 2 R TR TR R p B ARRTES AT ek
4+ 45 2 4 & (birth weight, BWO0 )~ = * # 4% & ( body weight at age 4 months,
BW4)~ » % &4 € (BW6) ~ " &4 € (BW8)~ - " &t & (BWI10) %

Lo v #sE (BWI12)-

E A F] S A 4

P kA 3RS 2 A 49 MYF5 - ZBED6 % SREBPIC = B2 8 4 K

>

-3,

Mo Ap B cniEiE A F A h AR 2 EEY S d o

) %A (sequencing)

Fi* R &4 5 & 145 Huangetal (2013a) #1333l 3 B 7] (%
4) i& {7 ZBED6 A F)2. P E Mg A 4785 ZBED6 A T % - MBS F B
g.680C>G z % R g F iR 5 20 uL» 29 ¢ 7 50 ng 4= gDNA ~
0.08 uM Forward 3!+ ~ 0.08 uM Reverse 5!+ ~ 1 X PCR buffer ~ 0.2 mM
dNTP %2 0.025 U Taq DNA polymerase - # PCR F RifE4ck 5 #f3 » &

B d 1% 2§ FqpE R e 7 R4 > msn PCR EE S # Hi by » T :8- 9 )
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# ABI 3730 DNA Analyzer (ABI PRISM, USA) it {7 %% » A 454k~ 2 & 7]
3l e
) R EE R S i (restricted fragment length polymorphism, RFLP)

I G REER S MR L B4 F Bk (PCR-RFLP) 27 MYF5 2
SREBPlc £ F1z. A F Al A 47 » #3728 5 MYFS A F % - p 3 3 % #
g.1948A>G 122 SREBPlc # %1% 4 *t B+ %3 0.10781C>G 2. % £ gL 7
i * *A4|p= e 5 Taq |l (catalog # R0149) (BioLabs, New England )

& MYF5 # %) %4345 Drogemiller and Kempers (2000 ) #73k3+2 51+
(% 4)>41*% PCRH#itgp 5 £ F BAaMA: 20uL- 29 & 7 50ng
# gDNA- 0.06 uM Forward 5!+~ 0.06 uM Reverse 3!+ ~ 1 X PCR buffer ~
0.2mMdNTP % 0.025 U Taq DNA polymerase - 2 PCR & jgif 24k 5 #f
T KRR o 1% HrapEEF LA o i PCR AT S # H g o

& SREBPlc £ 7] %4345 Huangetal.(2011la) #1332 313 (% 4)>
F1* PCR¥MWPEFE-F BAMMALZ 20ul-H2? ¢# 3 50ng #-4 gDNA-
0.06 uM Forward 5!+ ~ 0.06 uM Reverse 3!+ ~ 1 X PCR buffer ~ 0.2 mM
dNTP % 0.025 U Tag DNA polymerase - # PCR & Jgifit4cd 5 #173 » &
B dts 10 1% B aiE s R4 » et PCR AL = 7 H tf o

Fleigdis  #a BAFMHE T 2L PCR A4 4 w1 Ufs Taq | &
AR R BRAA S 12ul- & 7 *341pF Taql & 10 X NEBuffer & 1puL >

Mm% PCR A4 SuL>>*t 65C RigH AR 1B F 2101 2% %
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PPERE T T A R AL AFA  BRFATL VR A ] AP 4o

( = ) TagMan SNP Genotyping Assay

VR R P R KR TSGR BI AT BEE G 5 Gt o I
TagMan SNP Genotyping Assay it 7 ~ @ 2% > %3 2 tk 2 2 MYF5 v
ZBED6 A #4447 0 271288 7 MYFS A %)% - p 73 % ¢.1948A>G
"% ZBED6 A F% - hEF %I 0.680C>G z H R gL HilF 2 IEEE S
dod 6 Pror oo AT * 2 A E K d  Applied Biosystems ( Foster City, CA,
USA) #r&-o #& M 3 40X 313 22 TagMan MGB probe (#3:z FAM v
VIC ¥ k)5 pia 84 5 15uL - & 45 40X #4# 0.375uL ~ 2 X TagMan
SNP Genotyping Master Mix( Applied Biosystems, Foster City, CA, USA) 7.5 uL
%2 20 ng otk gDNA - # 4% StepOne Plus thermal cycler (Applied
Biosystems, Foster City, CA,USA) &7 PCR »~ J&- F BB R iz 5 60C %
t£30 #; 95C 10 ~4&; 95C 15 2 60C 1 ~ 4%k 40 = & 5 60
C 30 #) - PCRiE#2" giesy 4 ME » I3k =2 #* StepOne
Software v2.1 (Applied Biosystems, Foster City, CA, USA) #ic#8 » & 474 & 2.

G EEEF LR
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# 411 PCR %2 PCR-RFLP 447 ZBED6 - MYF5 £ SREBPlc A %]z 51+ B 7] ~PCR #{tgi=% ~PCR A4 /| ~ R4 |fsfhsp

2GR IR f52 B A]

Table 4 Primer sequences, SNP region, PCR product size, restriction enzymes, and genotype for ZBED6, MYF5, and SREBP1c by PCR

and PCR-RFLP

PCR product size

SNP Primer sequence (5° —3°) SNP region Restriction enzyme  Genotype (bp)
(bp)
ZBEDS (g.680C>G) F: CTGGAGGGCTATTTGTA Exon 1 809
R: TTGCCTGACTTATTTGAC
MYF5 (g.1948A>G) F: ACAGCGTCTACTGTCCTGATG Intron 2 445 Taq I, T"CGA AA: 445
R: CGTGGCATATACTAAGGACAC AG: 445, 352, 93
GG: 352, 93
SREBP1c (g.10781C>G) F: CGACTACATCCGCTTCCTT Exon 9 534 Taq I, T"CGA CC: 272, 262

R: CCTCAGCCCTGTCTTTCTTC

CG: 534, 272, 262

GG: 534
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# 5 ~ 47 ZBED6 ~ MYF5 £ SREBPlc # %] % iiit2. PCR & Jif &

Table 5 PCR conditions for ZBED6, MYF5, and SREBP1c gene

SNP

PCR condition

ZBEDG (g.680C>G)

MYF5 (g.1948A>G)

SREBP1c (9.10781C>G)

95°C /3 mins — 9;1°C/30 sec = 57°C/35sec = 72°C /45 s?c — 72°C/10 mins

35 cycles

94°C/4 mins = 94°C/30 sec = 58°C/1 min = 72°C/1 min — 72°C/4 mins
4 [
38 cycles

95°C /3 mins — 94°C /30 sec — 63°C /35 sec — 72°C /45 S?C — 72°C /10 mins
*

35 cycles
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% 6 MYF5 ¥ ZBEDG6 iz #]i=2:12 TagMan SNP Genotyping Assay 2. 313+ % § &
FER 5
Table 6 Sequence of primers and fluorescent probes of MYF5 and ZBEDG6 genes for

TagMan SNP Genotyping Assay

SNP Sequence (5’ —37)

MYF5 (g.1948A>G)
Forward primer TTTCTGTGACCACCTGACCTTT
Reverse primer GCTTATTCGGCCGCTTAAACTG
VIC-labeled A allele reporter CACCTTTGAAACCC

FAM-labeled G allele reporter ACCTTCGAAACCC

ZBED®G6 (g.680C>G)
Forward primer CTTTATCTCCCTCTTCTGCTGGAA
Reverse primer CCCTCAGGGCATCAGATACTG

VIC-labeled C allele reporter ACCCATTGCATTATC

FAM-labeled G allele reporter ACCCATTCCATTATC
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B 4
REZARKTESZ A 52 2 HF 24 L7 $2 ¢ B2 £
TEREEEFREG T TR ATE T 13 2 478508 SAS v9.2 (SAS
Institute, 2009 ) - i * — 445 (general linear model procedure, GLM )
BEFRS 4T T BT 3 359E (leastsquaresmean) 2 FH St F LR
/2 (Tukey’s honest significant difference ) i {7 st 247 > A w2t &2 4 £
T4 MYF5~ ZBED6 % SREBPIC # F]2 & F]Alie 74 B {24 45 o a3t A
TR 4T T
Yijk = p + Si + Gj + €ijk

Yik - &HPRBERE

\.J

u DEF T IaE
S i HERATRE (i=1,2)
G ARAHIE (=1,2,3)

Gijk - WEREAL

LHEFOLHFLERANEL  FHANA P<005 LMk o

# B Rl Rk G P8 ks 0.05<P<0.10 Bl % 7 B 2ok

o

Tt 1k § ABE 1 P
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ALl RFEEATIHS AN
— BB
ARREFE2EYRFEREZ AT AN FRb 4 B3 g
4,829 13 g okp B ARKATAICAAT40 R p B2 4% 9 (National
Taiwan University) o ¥ & * 229 g4 % § £ > 27 168 gk p 3 AR T
B ot 35 FERp EMBAE ARBZKAT NE 26 FFhp H A BKRITATC G

ST B R R ARKRITICEA L E A2 83 AL o

’

- S b A

AR RELR S PR TFS A2 EE 21 844 M 1 FANCI & %)
4 33 kb ¥Rk 2 o @l mEp 33 kb H g2 3132 PCR F
(Charlier et al., 2012) - 3 tg4F = DNA P E kPR A2 A T3] - F B3
WH 5 20uL > 2 ¢ # 7 50ng #H% gDNA - 1 X Phusion buffer ~ 0.2 mM
dNTP  ~ 05 mM MgCl, ~ 008 uM Forward il &
( 5>-GCTCAAGTAGTTAGTTGCTCCACTG-3’) ~ 0.08 uM Reverse 3!+
(5-ATAAATAAATAAAGCAGGATGCTGAAA-3’) ~ 2 0.2 U Phusion DNA
polymerase- = J&if it 5 94°C %4+ 5 ~45:94C %1+ 30 #/-64°C 42& 45
Fp~T72C w25 2480 BTk 35 s Bts g 72C w10 448 - PCR
FRsis o 0 1% 3§ P pEvi i 7 R4 > i PCR EF S # ity > o 2|87

R i3 AT -
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2.2%
We- 2 AL R LR AR
— AR ATIR 2 B RR AT
AzEAI 15 e RTHOF 2 Mrirh iR A48 8 B2 LR S 637
BRAEFATFIR AP SR MFLESAFIA YCA25 2 YCC28 &

FWACEREY 3R S A k2 RS > % AT YCBOG

(B 92 11)-

Rip 22 EEE2Z AFFREFEABL ISR T FRE%
Bpom oot 156 wATHCHE A R X F A FIA < ] (alllele size ) # ] & 133 bp
3 251bp 2 R > £@mBF 123 B HAF & B AF AT F A FHE(N)
Mt 3 (YCBO3 2 YCC28) % 20(YCAL9) B2 > Ny T2 5 82
$ o F A T (Ne) 2 4 & 1.4(YCB09 2 YCC28)# 6.3(YCAL9)
2. Ne LT3¥Esi 3.0 o

$o 15 EATHCFA RO 2 S §RE 2 Y R F AR (He) # & 0.285
(YCB09) % 0.843(YCA19) 2 - # Ti5f 5 0.588; il E ¥ A& (Ho)
#H 7 0162 (YCCLL) 3 0.696 (YCAOL) 2 f¥ » # Tiafe 5 0424 5 fi
B i 3£ (PIC) #F e 0269 (YCB09) & 0.826 (YCAL9) 2 fF » =

32 5 0552 (4% 8) -
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BEREF B2 TR e 0 Fis ;ﬁvﬁﬂ A& -0.171 (YCBO09)
I 0648 (YCA21) 2. > T32iE 5 0184 d pt T35 5 ¢ B ¥ s &
WY 2 & % ¥ (subpopulation) poje & F ot bt arIEd  Fir 2 A

-0.105 (YCB09) = 0.673 (YCA21) 2. F » T35 5 0271 d pt T35E 5

=

BV AOREME EEHET L RE T L PR For 2 & 0022
(YCC39) 2 0.290 (YCC11) 2. & » I3=i@E 5 0108 d THEw (F 248
2 EoEEN 3 A RA 2 A (0.05<Fst<0.15) - f1* fisher’s # /xtk
THRPISE TG BRI LT O BAFLERATFIREFY HArs BTG
(P<0.05)> 2 »482 & 35350904 A TR B ¥ # s i T #7(P <0.05)

(% 8)
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Figure 9 The result of first multiplex PCR capillary electrophoresis using ABI 3730

sequencer.
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Figure 10 The result of second multiplex PCR capillary electrophoresis using ABI 3730

sequencer.
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Figure 11 The result of third multiplex PCR capillary electrophoresis using ABI 3730

sequencer.
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Table 7 Results of range of alleles, number of alleles (Na), number of effective alleles

(Ne), and locus location on chromosomes for 15 sets of novel microsatellite

markers in the total cattle population

Locus Allele size (bp) Na Ne Chr.!
YCAO1 160 - 178 9 5.2 06
YCAI18 133 - 159 12 3.5 X
YCA19 150 - 190 20 6.3 29
YCAZ20 220 - 240 10 4.1 01
YCA21 138 - 161 9 2.7 11
YCA25 152 - 179 9 3.5 22
YCA26 203 - 216 6 2.9 20
YCBO03 175-181 3 1.8 23
YCBO06 161 - 199 10 2.9 26
YCBO09 142 - 168 6 14 08
YCC11 204 - 220 7 15 X
YCC18 172 - 190 8 3.1 X
YCC21 225 - 236 5 2.8 16
YCC28 234 - 246 3 14 08
YCC39 236 - 251 6 1.6 18
Mean 8.2 3.0

SD 4.2 14

Na: number of alleles; Ne: effective number of alleles.

L Chr.: according to the results of NCBI Primer-Blast.
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Table 8 Genetic variability of the total cattle population genotyped with 15 sets of novel

microsatellite markers

Locus Ho He PIC Fis Fir Fst HWE test

YCAO1 0.696 0.807 0.780 0.074 0.157 0.089 NS

YCA18 0.432 0.715 0.666 0.380 0.401 0.034 *

YCA19 0.662 0.843 0.826 0.023 0.252 0.235 *

YCAZ20 0.514 0.757 0.716 0.260 0.339 0.107 *

YCAZ21 0.208 0.623 0.586 0.648 0.673 0.070 *

YCA25 0.615 0.717 0.690 0.092 0.159 0.074 *

YCAZ26 0.300 0.656 0.604 0.526 0.548 0.045 *

YCBO03 0.421 0.453 0.397  -0.030 0.093 0.119 NS

YCBO06 0.611 0.658 0.621 -0.021 0.095 0.114 NS

YCB09 0.319 0.285 0.269 -0.171 -0.105 0.056 NS

YCC11 0.162 0.319 0.305 0.337 0.529 0.290 *

YCC18 0.353 0.674 0.630 0.361 0.501 0.219 *

YCC21 0.396 0.645 0.586 0.330 0.402 0.108 *

YCC28 0.312 0.307 0.273  -0.050 -0.005 0.043 NS

YCC39 0.353 0.360 0.329 0.003 0.025 0.022 NS

Mean 0.424 0.588 0.552 0.184 0.271 0.108
*(Total)
SD 0.164 0.191 0.188 0.239 0.233 0.079

Ho: observed heterozygosity; He: expected heterozygosity; PIC: polymorphic information
content; Fis: Wright’s F-statistics, within subpopulation inbreeding estimate; Fir: Wright’s
F-statistics, within total population inbreeding estimate; Fst: Wright’s F-statistics, among
subpopulation differentiation estimate; HWE test: Hardy-Weinberg equilibrium test, *P < 0.05,

NS: not significant.
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Table 9 Average genetic variability of 10 cattle populations and the total cattle population genotyped using 15 sets of novel microsatellite markers

Population N Na Ne Ho He PIC Fis HWE test
Yellow cattle (Hengchung) 343 6.7+26 26+0.9 0.440+0.185 0.565+0.175 0.522+0.169 0.207 *
Yellow cattle (Xinhua) 26 3.7+16 22+10 0442+ 0.266 0.468+0.219 0.413 +0.207 0.083 *
Yellow cattle (Kinmen) 54 5327 2915 0.459+0.256 0.552+0.240 0.506 + 0.230 0.143 *
Hybrid yellow cattle 70 55+28 2914 0478+ 0.224 0570+0.231 0.521+0.225 0.139 *
Hybrid foreign cattle 24 41+21 2714 0.451+0.214 0.538+0.230 0.479+0.219 0.139 *
Brahman 24 38119 26+1.2 0.305+0.229 0.500+0.292 0.444 + 0.268 0.314 *
Holstein 13 27+13 1.7+0.6 0.313+0.209 0.357+0.220 0.302+0.189 0.103 NS
Taiwan water buffalo 83 0.8+1.7 05+0.9 0.186+0.322 0.184+0.316 0.171+0.294 0.005 NS
Total population 637 82142 3.0+14 0.424+0.164 0.588+0.191 0.552+0.188 0.184 *

N: sample size; Na: number of alleles; Ne: effective number of alleles; Ho: observed heterozygosity; He: expected heterozygosity; PIC: polymorphic

information content; Fis: Wright’s F-statistics, within subpopulation inbreeding estimate; HWE test: Hardy-Weinberg equilibrium test, *P < 0.05, NS: not

significant.

72



d 16 WATHTHFE A FIAR ATHe iR & B d 0t B AR T2 1 AR TR
BEROE-HFEIA SRS EEEL B Fsr 2 A FInd s (Nm) (%

10) 87 & 8 B2 > I F 2B A WL 2 5H N0 LA ] (Fst
=0.019) > @ A~ AER B R A L 8 k2 %3 (Fst=0.637) - i
—Hd Fer R NATFC R & For BESSAAHE > ey 2
R 2 EHFHNDAFIRIARR BB (Nm = 12.777) > @ & Bk 2 E3p) H 8
Bep 7 B2 E%EF REAEDEFILET, (Nm<1)

F1% AMOVA i {7 A 45 > 10 7 f2EERY HEBRE S F R

Z5% &7 8 B2 &% (among populations s > & 4 5 31% (P<0.01)

Riad

¥ N B4R (among individual within populations ) =% = & 4 2 18% (P <
0.01)>m A A g R F 4 F A B4 (withinindividuals) > % = = 2 5 51%

(P<0.01) (% 11)
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Table 10 Gene flow (Nm) and Fst! among these cattle populations examined in this study

Population? BR HO wWB XB XY YC-HC YC-KM YC-XH
BR - 1.002 0.172 3.942 3.578 4.331 6.288 2.270
HO 0.200 - 0.143 2.229 2.706 1.207 1.099 0.854
WB 0.593 0.637 - 0.194 0.215 0.209 0.193 0.171
XB 0.060 0.101 0.563 - 12.777 3.295 3.392 1.727
XY 0.065 0.085 0.538 0.019 - 5.115 4.272 2.330
YC-HC 0.055 0.172 0.545 0.071 0.047 - 11.077 7.421
YC-KM 0.038 0.185 0.564 0.069 0.055 0.022 - 5.809
YC-XH 0.099 0.226 0.594 0.126 0.097 0.033 0.041 -

! The data above the diagonal are Nm and below the diagonal are Fsr.

2 BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign cattle; XY: Hybrid yellow cattle; YC-HC: Taiwan yellow

cattle (Hengchung); YC-KM: Taiwan yellow cattle (Kinmen); YC-XH: Taiwan yellow cattle (Xinhua).
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Table 11 Hierarchical analysis of molecular variance (AMOVA) within and among cattle populations studied

Variance of component

Source of variation d.f. Sum of squares

(% total variance)
Among populations 7 1487.967 1.706 (31)™
Among individual within populations 629 3056.869 1.024 (18)™
Within individuals 637 1791.500 2.812 (51)™
Total 1273 6336.337 5.542

“ Represented significant: P < 0.01.
Fixation indices: Fst = 0.308, Fis = 0.267, Fir = 0.493. Fst: Wright’s F-statistics, among subpopulation differentiation estimate; Fis:
Wright’s F-statistics, within subpopulation inbreeding estimate; Fir: Wright’s F-statistics, within total population inbreeding estimate. The

significance of fixation index was tested with 10,000 permutations.
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PRSI AR SERALR P LT 2RSS L s 53 RHE
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Table 12 Genetic distance among these cattle populations examined in this study

Population® BR HO wWB XB XY YC-HC YC-KM YC-XH
BR - 0.431 0.637 0.139 0.152 0.150 0.132 0.212
HO 0.431 - 0.532 0.222 0.201 0.383 0.378 0.486
wWB 0.637 0.532 - 0.536 0.559 0.600 0.580 0.646
XB 0.139 0.222 0.536 - 0.057 0.170 0.158 0.286
XY 0.152 0.201 0.559 0.057 - 0.092 0.097 0.188
YC-HC 0.150 0.383 0.600 0.170 0.092 - 0.059 0.081
YC-KM 0.132 0.378 0.580 0.158 0.097 0.059 - 0.112
YC-XH 0.212 0.486 0.646 0.286 0.188 0.081 0.112 -

! BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign cattle; XY: Hybrid yellow cattle; YC-HC: Taiwan yellow

cattle (Hengchung); YC-KM: Taiwan yellow cattle (Kinmen); YC-XH: Taiwan yellow cattle (Xinhua).
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o HO
WB

==

Bl 12 2 2 853 15 EATHCHFE T i@ Al 4572 (NJ) 2 A5 B Tl o
YC-KM: £ %52 (&M ); YC-HC: £ 4% 2 (1% ); YC-XH: £ #
4 (#71v); BR:#f 8§, XY: 3252, XB:*He22,;, HO:
@2, WB: % #-k2 -*1000 =% £ 4§ P~$c 2. bootstrap values -
Figure 12 The neighbor-joining (NJ) tree among 8 cattle populations based on the 15
sets of novel microsatellite markers. YC-KM: Taiwan yellow cattle (Kinmen);
YC-HC: Taiwan yellow cattle (Hengchung); YC-XH: Taiwan yellow cattle
(Xinhua); BR: Brahman; XY: Hybrid yellow cattle; XB: Hybrid foreign cattle;
HO: Holstein; WB: Taiwan water buffalo. *Bootstrap values generated from

1,000 resampling.
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~- Axis 2 (25.16%)

Axis 1 (62.09%)

B 13 2 S EipEi-d J1* ¥R Bpdprig @2 2 047 (PCA) Bl -
YC-KM: £#% % (£F); YC-HC: £#% 2 (E%): YC-XH: 44
T2 (#1v); BR-HC: & ;5 XY-HC: 32§ 2 ; XB-HC: ¢t R

P HO-XH: @2 i WB-HL: £ik2
Figure 13 The principal component analysis (PCA) plot among these cattle population
relative positions by population genetic distances. YC-KM: Taiwan yellow
cattle (Kinmen); YC-HC: Taiwan yellow cattle (Hengchung); YC-XH:
Taiwan yellow cattle (Xinhua); BR-HC: Brahman; XY-HC: Hybrid yellow
cattle; XB-HC: Hybrid foreign cattle; HO-XH: Holstein; WB-HL: Taiwan

water buffalo.
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Figure 14 The neighbor-joining (NJ) tree among these cattle individuals based on the 15
sets of novel microsatellite markers. YC-HC: Taiwan vyellow cattle
(Hengchung); YC-XH: Taiwan yellow cattle (Xinhua); YC-KM: Taiwan
yellow cattle (Kinmen); XY: Hybrid yellow cattle; XB: Hybrid foreign cattle;

BR: Brahman; HO: Holstein; WB: Taiwan water buffalo.
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YC-HC YC-KM YC-XH

BR HO W'B
28 @Rl r 15 witikchith Eaerg 2. STRUCTURE # & 4 9B (K =3~
8): K &% STRUCTURE A 47¢ fEk 2 ¥ Blic M A s 27 4 B3 o 4idh
afﬁﬁgﬁﬂgﬂ%iﬁﬁ?fiﬁ&i% B> & BRiEAF- BEHe BR:# 3§ JHO:
A SWB: £k XB: AR A XY 13 F 2 S YC-HC: 45 2
(%) YC-KM: %% 2 (&£ ); YC-XH: 8% 2 (3714 )o

Figure 15 The STRUCTURE cluster analysis plot (K=3~8) among these cattle individuals based

on the 15 sets of novel microsatellite markers. K is the number of clusters assumed in
STRUCTURE analysis, and colors corresponed to clusters. The vertical axis is the
proportion of gene resource in individuals from clusters, and each individual is
represented by a single bar. BR: Brahman; HO: Holstein; WB: Taiwan water buffalo;
XB: Hybrid foreign cattle; XY: Hybrid yellow cattle; YC-HC: Taiwan yellow cattle
(Hengchung); YC-KM: Taiwan yellow cattle (Kinmen); YC-XH: Taiwan yellow cattle
(Xinhua).
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RS BoE BREN A A2t E 15 e TiciEh ko AR E &
(Pupy) ~ 3T B H &% 5 (Papgin) * % & 238 15 e iricfrk 352 Pup) &
Puoyio * H 3Es % 7|20 4 130 % B7 » 202 53200 15 2378 &
] & 2. Pap) ?‘7 Bl & 0.041 (YCA19) = 0527 (YCB09): @ % & Pup =
9.8x102 - B 7 4 22 C R BPFIT RBEFRYE W EFA L LB A
Bt 15 mATHCEA R T WM S AP AT -

MO AR EFE B ARG %o 4o e (full-sib) & £ F #2 (half-sib)
Rl st B BAREES] S PF > F 02 Papsip &R G g 0 Tl AREREK TG R
Bl EEEE 5 T G 3R Pupsib o Sk S R AT 0 15 EATHHE
2 F1 A 2. Papsib %%} 7 0.339 (YCA19) ® 0.739 (YCB09) - * & Pupsib =
31x10° > Bgm 242 BR3P L M B2 2 CREFAETIF LA € RS B
t 15 mATAclTE g Lan b & T2

ek > B 16 A -2 g Pupy 22 Pupyip Bo¥tEc (2 10 F &) fkow -1
¥ P AT S B TR TR o 8 8P AT 2 5K & Pap)
BiEE Puosib “THE A THTARY 0L TG TS DREFERT OFRT 0 F

o RAEIR F AT RE B BT AT R R MR o
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Table 13 The probability of identity (Pap)) and the probability of identity among sibs

(Papysib) of the 15 sets of novel microsatellite markers in the total cattle

population
Locus P(|D) P(ID)sib
YCA19 0.041 0.339
YCAO1 0.064 0.363
YCAZ20 0.099 0.397
YCA25 0.107 0.419
YCA18 0.130 0.425
YCC18 0.150 0.451
YCBO06 0.154 0.460
YCA26 0.170 0.465
YCC21 0.185 0.474
YCA21 0.186 0.485
YCBO03 0.356 0.613
YCC39 0.441 0.680
YCC11 0.478 0.710
YCC28 0.514 0.725
YCBO09 0.527 0.739

Combined 9.8x10 3.1x10

Pup): probability of identity; Papysib: probability of identity among sibs.
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Figure 16 The probability of identity (Pap)) and the probability of identity among sibs

(Papysib) of the total cattle population on the number of novel microsatellite

markers of the line graph.



W AT BERAFTENLAT L L R RAMELEFT

— “MYF5 ATt 4 5 22

E“’

WA

*a%iﬁégk%ﬁﬁ v A2 & MYFS A %] 1948 gk - p 23 RBE
7 A>G 1% £ ( Drogemiller and Kempers, 2000 ) - # & 5% 5 £ f *
PCR-RFLP 12 Taq| fsr> A 454 8% = MYF5Q.1948A>G £ F13]2 % fifte
7 PCR Htghi$-p 5§32 ¥ EE 445 bps w00 Tag | 22 %% 7 %
A AAS AG 2 GG =27 B ATA (R 17) 27 AA AR Tk h
BE 5 445 bp =% 1 ERTF o EF AG AT R ANESE S 445 352
2 O3bp =% 3 k%A -a GG AFAIRZ 352 2 93bp =F 2 iFFHkF o
SERETRBHFATRILG FEE -

Gl B RS AETL MYFS g.1948A>G 4 43 2 54 5 i 0 AR

%2 41* TagMan SNP Genotyping Assay £ 7 > 88 %+ 4% £ 2 2 47
BB AFIUBPIEETET OB RR LSS T R A D AACAG 2 GG
2 RAFA (B 18) o Fie- A 47H AT A F RS > B i e
% 14 %7 > MYF5Q.1948A>G =2 4 4+ 218 5 GG A %4 & AG
2 AA AFA2 L BT RS > A 168 2 8¢ 5 AG 2 AA AT
AU F G 12 FFE 2 o RFAFTSMF G A PBA LFAT A 2
L 005, 2FAF G 5 095- - HF1* o & T MYF5 g.1948A>G
AT E T 2 RELT ST R R R T RBIhE R 2 %

FOTL A VBB B s B (P<0.05) -

86



1 2 3 4 5
M AA GG GG AG AG

445 bp
352 bp

93 bp

B 17 8% 2 MYFS A% % - p g+ #5020 Taq | "7 Fl2 A F3 5] 2 0
Lane 1 : AA A 714 ; Lane 2-3: GG £ 717] ; Lane 4-5: AG A F]4] ; M :

100 bp DNA ladder marker -
Figure 17 The genotyping of intron 2 fragment of MYF5 gene in Taiwan yellow cattle
by Taq I restriction enzyme digestion. Lane 1: AA genotype; Lane 2-3: GG

genotype; Lane 4-5: AG genotype; M: 100 bp DNA ladder marker.
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B 18 & #F 2+ MYFS5 A 7% - p 33 % ¢.1948A>G =22 TagMan SNP
Genotyping Assay 4 47 2. f F] 4] 2% % o KA 4c DNA $iitr 17 5 $ B %2
(negative control ) =4 ~ 12 (m) %7 o

Figure 18 MYF5 gene intron 2 ¢.1948A>G cluster plot between TagMan SNP
Genotyping Assay in Taiwan yellow cattle. One no template control (m) was

included as negative control.
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Table 14 The genotypic, allelic frequencies and Hardy-Weinberg equilibrium test of MYF5 gene intron 2 g.1948A>G in Taiwan yellow cattle

Genotypic freq.2 Allelic freq.
Breed Sample size AA AG GG A G HWE test
nt Freq. n Freq. n Freq Freq. Freq.
Taiwan yellow cattle 168 2 0.01 12 0.07 154 0.92 0.05 0.95 X

! n: number of specific genotype at specific site.
2 Freq.: genotypic frequency or allelic frequency.

3 HWE test: Hardy-Weinberg equilibrium test, *: significant, P < 0.05.
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fifbgr 28 F 2 4 BB M A 45

AN

= ~MYF5 £ %
MpErriE 2 2 L RRATA e Y R TR uEC] T B s oL
MEFARZEF- BAPBKENE > 247 2178 %40k 15 17 > 7 3 &
AT a2 8 aprp 4 ERMELalEF L8 (P>005) a2 8 12 7 &
WEL A% PP (P =007) AFA 5 AG 112 GG i 4 4p gt

AA AFA BT RF h 12 P ML o

% 15 % &% £ MYF50.1948A>G A 7|4l 4 £ Mz qp it 4 47

Table 15 Association between MYF5 ¢.1948A>G genotype and growth traits in Taiwan

yellow cattle
MYF5 genotype
Growth traits! P value
AA(2) AG (12) GG (154)
BWO (kg) 24.0+2.9(2) 251+ 1.5(8) 238+05(89)  0.679
BW4 (kg) 781+142(2)  91.0+58(12) 91.7+18(132) 0.633
BW6 (kg) 100.4+16.9 (2) 126.3+6.9(12) 1265+2.1(143) 0312
BWS (kg) 1204+ 19.4(2) 147.6+7.9(12) 151.5+23(149) 0.259

BW10 (kg) 138.9+22.0(2) 168.4+9.0(12) 172.4+3.0(128) 0.302

BW12 (kg) 140.7£40.7 (2) 194.1+135(9) 196.6+4.0(122) 0.071

Values are the least square means * standard error for the trait.

Numbers within parentheses are sample sizes.

! Traits under study were body weight at birth (BWO0), 4 months (BW4), 6 months
(BWS6), 8 months (BW8), 10 months (BW10), and 12 months (BW12).
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+ZBED6 AFP 4 #E A2 F jptta At

PR L 2 edpr o 2 & ZBED6 A F1% - A R & 680 mEhf
C>G =% % (Huangetal,2013a)- #3% % £4|* Huang % 4 (2013a) %
3251327 PCR F > % #tgehY B+ ] 5 809bp (B 19) £ 54 %
B A+74 %% £ ZBED6 9.680C>G A F3z 5 it o ¥ K TR EET R A
CC-~ CG 2 GG =2 FATFIA] (B 20)> #7923+ CGC AFA P
33 C 2 G aBRE - S%BFBHUTATIAANES 51

‘g4 A FEiL ZBEDG g9.680C>G 4 45 2 B4 1S 0 AR
f1* TagMan SNP Genotyping Assay i {7 > #8354 45 2 2 &2 A 7]4|%

CRAFARREEETEIAESPR T EAL D CCACG 2 GG = &
AR (B 21) « FiE- HAFE AR, F FR{odE S > B 4ok 16
“777 » ZBED6 9.680C>G =2t & #F 21 & 5 CGC AR x5 GG >
m CC AFA £ CRMiEs " A% 168 g2 87 »CC A% 73 11
BoRFATFC 2HFL 0305 2FAF G & 0700 @ Ak T R
¥ > ZBED6 ¢.680C>G ' AL Fl ik 4 B R 2 Lt B T ek i (P >

0.05) -
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809 bp

B 19 & 4§ £ ZBED6 £ %) PCR A% 2. 1% = "o %487 A B - Lane 1-4:PCR
A% ; M : 100 bp DNA ladder marker -
Figure 19 PCR amplification of ZBED6 gene in Taiwan yellow cattle on 1% agarose gel.

Lane 1-5: PCR products; M: 100 bp DNA ladder marker.
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(a) CC genotype

(c) GG genotype

B 20 % 4% = ZBED6 A %1% - *tA 3 %3 0.680C>GC %R =g (MF ¢ &7 )

2 &R % (@CC A 513 5 (b)) CC AF3 : (c) GG A %13 -
Figure 20 Sequencing results of ZBEDG6 gene exon 1 g.680C>G mutation site (highlight
with yellow color) in Taiwan yellow cattle. (a) CC genotype; (b) CG

genotype; (c) GG genotype.
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Figure 21 ZBED6 gene exon 1 .680C>G cluster plot between TagMan SNP

Genotyping Assay in Taiwan yellow cattle. One no template control (m) was

included as negative control.
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=t R

Table 16 The genotypic, allelic frequencies and Hardy-Weinberg equilibrium test of ZBEDG6 gene exon 1 g.680C>G in Taiwan yellow cattle

Genotypic freq.2 Allelic freq.
Breed Sample size CC CG GG C G HWE test
nt Freq. n Freq. n Freq. Freq. Freq.
Taiwan yellow cattle 168 11 0.07 80 0.47 77 0.46 0.30 0.70 NS

! n: number of specific genotype at specific site.
2 Freq.: genotypic frequency or allelic frequency.

$ HWE test: Hardy-Weinberg equilibrium test, NS: not significant, P > 0.05.
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m ~ ZBED6 TP i £ AF 2 2 K kA RS AT

%43t ZBED6 A T % - ¢t A3 F & 0.680C>G =BL S Gk gE £

3R AP MR L S § BAATIY S S B TR T

G EfrE R I HFLAR A RARENE Ao AR R 17 #F

7 Bt CG & GG AR 3 CC ARG MFRF T HHE (P <

005)> @ A s fFfen2 EMER ARFHE (P>0.05)-

% 17 % %% 2 ZBEDG6 9.680C>G # 74|22 4 £ |4k 2 4p B 14 47

Table 17 Association between ZBED6 g.680C>G genotype and growth traits in Taiwan

yellow cattle
ZBEDG genotype
Growth traits* P value
CC (11) CG (80) GG (77)
BWO (kg) 23.4+2.1(4) 243+06(47) 235+0.6(48)  0.600
BW4 (kg) 90.7+ 6.4 (10)  940+24(69) 888+25(67)  0.327
BWS (kg) 119.8+7.3(11) 1283+7.7(77) 1244+3.0(69)  0.432
BWS (kg) 1406 +8.3(11) 154.4+3.1(78) 1483+33(74)  0.186
BW10 (kg) 1525+ 104" (9) 177.5+3.72(70) 166.3+4.12(63)  0.024
BW12 (kg) 190.6+17.0(6) 201.0+52(61) 191.2+54(65)  0.398

Values are the least square means * standard error for the trait.

Numbers within parentheses are sample sizes.

! Traits under study were body weight at birth (BWO0), 4 months (BW4), 6 months

(BW®6), 8 months (BW8), 10 months (BW10), and 12 months (BW12).

&b \alues with different superscripts within the same row differ significantly at P <

0.05.
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Z ~SREBPIC # Tt 4 85 22 § fifri 47

AT v fRBTF 0 o & SREBPLe A FH 4 HaES Rad 10781 inmk
£3% C>G e»%¥ % (Huangetal., 2011a)- §]* PCR-RFLP 2 Taql g=r » &
174 %+ £ SREBPIc ¢.10781C>G #A F412 % filt o 2 PCR st €y & 4 ¢
B3 2 P B K 534bpy #0 Tagl 2. %7 %A J CC» CGC 2 GG
22 R AT (B 22) ¢ CC AFAT AahigE s 272 2 262bp =

B2 %A oeEIF CC AFA|IRANESE S 534~ 272 2 262bp =% 3

EBEA > A GG ATAR L 534bp =B 1 EHRY o LEET BHMEAFA

>

;'J',ETJF % h:t:"_o

(=

i

BEFLE- H AR T 2 L BHE RTINS F R S B S e
4 18 #f7+ » SREBP1c ¢.10781C>G =gt 4 %3 21 &8 5 GG A 773 » 2
%4 CGrm CC AFA2 8 BaskEs > ax 168 g2 8¢ »CC AT
Art 11l R FAFIC 2HF5 025, A FAF G 5 0757 g if
T @ B¢ > SREBP1c g.10781C>G j* 3k /& & & 4 F 2 & st es B T freahk

& (P>0.05) o

97



1 2 3 4 5
CG CC GG CG CG M

534 bp

272 bp
262 bp

Bl 22 %% 2 SREBPIc AF% 4 *hAg+ ¥ g Taq | "LH|fs > B2 A& F13] 2
%_o Lane1,4,5:CG A 74| Lane2: CC A #)4] ; Lane 3 : GG £ #17]

M : 100 bp DNA ladder marker -
Figure 22 The genotyping of exon 9 fragment of SREBP1c gene in Taiwan yellow cattle
by Taq I restriction enzyme digestion. Lane 1, 4, 5: CG genotype; Lane 2:

CC genotype; Lane 3: GG genotype; M: 100 bp DNA ladder marker.
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&2 ek B T e P

Table 18 The genotypic, allelic frequencies and Hardy-Weinberg equilibrium test of SREBP1c gene exon 9 g.10781C>G in Taiwan yellow

cattle
Genotypic freq.2 Allelic freq.
Breed Sample size CcC CG GG C G HWE test®
nt Freq. n Freq. n Freq. Freq. Freq.
Taiwan yellow cattle 168 11 0.07 62 0.37 95 0.56 0.25 0.75 NS

1 n: number of specific genotype at specific site.

2 Freq.: genotypic frequency or allelic frequency.

8 HWE test: Hardy-Weinberg equilibrium test, NS: not significant, P > 0.05.
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*SREBPIc %] 7 jifder 4 % = 2 £ fkdp {2 47

L4531 SREBPIC AT % 4 * A %4 0.10781C>G =2k 5 fi{he 4 4
FEA R R AR BT 2 S BHA TS B R TR A
PTG ErgE S SR FLR R - LRSS AT AT R AR
19 #i7% » Bmfe s+ CG AR CC 2 GG AFIAG HFHRS 448

T (P<005)  m cH e pgend ERERalgF 8 (P>0.05)-

# 19 % %% 2 SREBP1cg.10781C>G A #1424 £ M k2 4p Ml HE 4 47
Table 19 Association between SREBP1c g.10781C>G genotype and growth traits in

Taiwan yellow cattle

SREBP1c genotype
Growith traits! P value
CC (11) CG (62) GG (95)
BWO (kg) 22.5+ 0.6° (6) 25.510.7% (33) 23.2+0.5°(60) 0.0178
BW4 (kg) 89.6 £ 6.0 (11) 94.2 £ 2.7 (54) 89.8 £ 2.3 (81) 0.4437
BW6 (kg) 130.0+7.3(11) 1249+3.2(57) 126.4+2.7(89) 0.7963
BWS8 (kg) 153.1+83(11) 1493+3.6(61) 151.6+3.0(91) 0.8503

BW10 (kg) 1762+ 9.8 (10) 164.9+4.4(52) 1755+3.7(80)  0.1472

BW12 (kg) 198.2+13.6 (9) 197.0+6.4(43) 195.4+4.8(80)  0.9667

Values are the least square means * standard error for the trait.

Numbers within parentheses are sample sizes.

! Traits under study were body weight at birth (BWO0), 4 months (BW4), 6 months
(BW®6), 8 months (BW8), 10 months (BW10), and 12 months (BW12).

&b \alues with different superscripts within the same row differ significantly at P <

0.05.
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W AT RFEREATHF AN
— A F L E2 FANCI & 734 #

Stipl2 8 FANCI A2 F 4 5 33 kb 4% 2 2 F AT fl* g
33kb #E 2 313 (Charlieretal., 2012) i£i7 PCR ¥ J& > 3 tg4F <. DNA *#
Btk A2 AFA o % krd BB (T ¥ BH) 2 Bb(F 4 BS 23

L3 BH) A EA A (B 23) - #2¢ BB AFAIT A% 5 3738bp =
B 1 ERF LT Bb AFATAPEE L 3738 2 409bp % 2 iE

Tt o FHEEFHT o RTRPBIZFFE R G + FAE DR o

kS

—~EFHSFE 2 FANClI AFAPE A #

B BHL 53 A2 22 FANCI £ 7% 33 kb # 2 2 A F A F 4 #
drd 20 7T o S EMT AATICH 13 g2 8¢ > 5 3 g5 Bb AFA
L FAEF L 23%; hE A B 40 gL LY o3 255 Bb £AFA 0 2
AEF S B%eF e F2 el BRORIUES L 94% - ¥ A HZ B
20229 FEAAF A 0 2 CEH2 83 4 k2 iF FANCI £ 7 3.3 kb

A2 AFARR > BRI 2R LW B (£ 20)-
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1 2 3 4
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3738 bp -
-

E
-

-

-

e

——

-—

409 bp -

B 232+ & FANCI A% PCR # 42 1% 3f 1" 48T /A B - Lanel: 2 & 3 By
Bb A F4];Lane2-4: 1 ¥ B %% BB £ F]7];M1:100 bp DNA ladder marker;

M2 : 1 kb DNA ladder marker -
Figure 23 PCR amplification of bovine FANCI gene on 1% agarose gel. Lane 1. Bb
genotype; Lane 2-4: BB genotype; M1: 100 bp DNA ladder marker; M2: 1

kb DNA ladder marker.
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4 202 % FANCI 2 7%133kb # 4 2 £ 732 I F AT F RIS 5
Table 20 The genotypic and allelic frequencies of the bovine FANCI gene 3.3 kb deletion

Genotypic freq. Allelic freq.

Breed Farm? Sample size BB Bb B b
n? Freq. n Freq. Freq. Freq.
Holstein Xinhua 13 10 0.77 3 0.23 0.88 0.12
NTU 40 38 0.95 2 0.05 0.98 0.02
Taiwan yellow cattle ~ Hengchung 168 168 1.00 0 0.00 1.00 0.00
Kinmen 35 35 1.00 0 0.00 1.00 0.00
Xinhua 26 26 1.00 0 0.00 1.00 0.00
Taiwan water buffalo  Hualien 83 83 1.00 0 0.00 1.00 0.00

! Xinhua: Xinhua Livestock Research Institute, C.O.A.; NTU: National Taiwan University. Hengchung: Hengchung Branch of Livestock

Research Institute, C.O.A.; Kinmen: Kinmen County Livestock Research Institute, C.O.A.; Hualien: Hualien Animal Propagation Station of
Livestock Research Institute.

2 n: number of specific genotype at specific site.
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Appendix figure 1 The line graphs of AK. The best K value is K=3.
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Appendix Table 1 Alleles and allelic frequency (%) of eight cattle populations by YCA19 locus

A”:;)p BR HO wWB XB XY YCHC YCKM YCXH Total
150 1.49 1.95 6.48 7.69 2.10
152 10.00 2.99 0.30 0.81
154 5.00 0.16
156 100.00 13.41
157 217  69.23 25.00 2537 2102 1852 1154 18.50
159 1750 2463 4009 29.63 4231 29.16
161 7.69 2.24 0.30 3.70 0.89
163 15.38 500 11.19 2.10 0.93 2.91
165 3.85 0.75 0.16
167 13.04 10.00 9.70 1081 12.04 1.92 8.80
169 36.96 17.50 4.48 3.00 6.48 4.60
171 1.20 0.93 0.73
173 0.75 9.26 0.89
175 17.39 5.00 4.48 1.80 093 19.23 3.15
177 7.41 0.65
181 19.57 8.21 7.81 2.78 1154 6.54
183 0.15 0.08
184 6.52 5.00 3.73 9.46 0.93 5.77 6.22
188 4.35 0.16
190 3.85 0.08

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 2 Alleles and allelic frequency (%) of eight cattle populations by YCA21 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
138 19.23 16.67  27.54 0.47 7.78 5.92
142 23.91 290 30.08 3111 26.09 23.88
147 69.57  80.77 83.33 6812 4858 56.67 56.52  55.63
149 0.94 0.58
152 0.72 1.26 0.87
155 6.52 0.72  10.06 444  10.87 7.48
157 0.47 2.17 0.39
159 5.50 4.35 3.59
161 2.67 1.65

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan
yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).

Mt 3YCC21 A TR 8 B2 & %3z 2 FATF (%)

Appendix Table 3 Alleles and allelic frequency (%) of eight cattle populations by YCC21 locus

A”j;)pl BR HO WB XB XY YCHC YCKM YCXH Total
225 1522  19.23 18.75 7.46 1.20 3.70 2.00 4.07
228 80.77 3750 3881 2021 8.33 21.76
230 41.30 3750 2463 25.00 1481 1200 23.98
232 43.48 6.25 2910 5314 73.15 86.00 49.91
236 0.45 0.28

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 4 Alleles and allelic frequency (%) of eight cattle populations by YCC39 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
236 0.71 3.70 2.37
238 0.30 0.18
242 11.54 0.71 0.15 0.46
244 5.18 0.93 3.28
248 95.83  57.69 79.17 7786 7530 9444  80.77 78.42
251 417  30.77 20.83 20.71  15.38 463 1923 1530

'Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).

4 S5YCBO3 A F|A> 8 B2 & %3z I FATF (%)

Appendix Table 5 Alleles and allelic frequency (%) of eight cattle populations by YCBO03 locus

A”::pl BR HO wWB XB XY YCHC YCKM YCXH Total
175 56.82  11.54 56.52 39.23 1915 36.79 1346  22.63
178 4318 88.46 100.00 4348 60.00 67.88 6038 82.69  70.05
181 0.77 1297 2.83 3.85 7.32

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 6 Alleles and allelic frequency (%) of eight cattle populations by YCAZ20 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
220 76.92 39.58  41.30 9.37 7.84 1042  15.98
222 4.35 0.19
224 3.85 0.30 0.28
226 5.80 5.44 5.88  20.83 5.61
228 4.35 0.19
230 34.78 3958 16.67 13.60 13.73 208 15.23
232 56.52  19.23 2083 2464 3097 40.20 2.08  30.09
236 0.60 0.37
238 1159 39.73 30.39 6458 3187
240 1.96 0.19

'Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 7 Alleles and allelic frequency (%) of eight cattle populations by YCA25 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
152 2.08 4.29 4.69 4.63 4.00
154 11.36 8.33 3.57 4.69 4.18
156 22.73 100.00 66.67 7214 4633 3148 19.23  48.09
159 31.82 6.25 857 1144 3426  48.08 15.36
161 0.15 7.41 0.82
163 4.55 2.08 3.57 8.65 10.19 7.69 7.45
173 2.27 3.57 17.89 278 25.00 13.09
177 27.27 14.58 3.57 2.64 7.41 4.55
179 0.71 3.52 1.85 2.45

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 8 Alleles and allelic frequency (%) of eight cattle populations by YCBO09 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
142 0.63 3.33 2.38 0.67
146 0.47 4.44 0.59
152 93.75 8846 100.00 91.67 9412 7814 7444 7143  83.89
154 11.54 0.94 0.76
156 6.25 8.33 2.21 487  10.00 9.52 4.53
168 3.68 1494 7.78  16.67 9.56

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan
yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).

44 OYCCIL A FE>t 8 B2 & %32 A FAFHE (%)

Appendix Table 9 Alleles and allelic frequency (%) of eight cattle populations by YCC11 locus

Por BR HO WB XB XY YCHC YCKM YCXH Total
Allele

204 100.00 5208 40.71 91.17 9519 100.00 81.95
208 2.08 2.14 1.35 1.20
212 26.92 33.33  34.29 1.35 2.88 7.64
214 7.69 3.57 0.75 1.10
216 11.54 10.42 8.57 0.75 0.96 2.39
218 53.85 208 10.71 4.64 5.62
220 0.96 0.09

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan
yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 10 Alleles and allelic frequency (%) of eight cattle populations by YCAO1 locus

A”:;)pl BR HO XB XY YCHC YCKM YCXH Total
160 2.94 7.06 2315 15.38 7.74
162 0.15 0.09
164 2.94 1.76 8.33 2.28
166 27.08 3.85 2292 1544 2824 1759 1731 2423
168 1.47 2.35 23.08 2.73
171 14.58 1250 1691  38.09 9.26 23.08  28.87
174 27.08  96.15 3125  25.74 191 1759 10.93
176 14.58 20.83  25.00 2.06 0.93 6.01
178 16.67 12.50 956 1838 2315 2115 17.12

'Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 11 Alleles and allelic frequency (%) of eight cattle populations by YCA18 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
133 11.54 1.43 0.44 0.73
139 4.17 2.08 2.86 0.64
141 0.15 0.09
143 2.08 6.25 0.36
145 2.08 4.17 5.00 5.59 0.93 1.92 4.54
147 3.85 1.43 0.44 1.85 1.92 0.82
149 10.42 10.71  18.09 1944 36.54 16.61
151 39.58 2083 2571 39.26 25.00 4423  34.66
153 0.93 0.09
155 3.85 0.09
157 27.08 4231 6250 40.71 33.68 50.00 1538 36.48
159 1458  38.46 417 1214 2.35 1.85 4.90

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).

137



24 12YCA26 AF A 8 B2 L% 2 I FAFHSF (%)

Appendix Table 12 Alleles and allelic frequency (%) of eight cattle populations by YCAZ26 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
203 1.45 151 7.45 1.80
206 8.89 4.26 5.70
209 39.58 21.74 1087 2651 2021 1731  23.00
211 8.33  34.62 1739 4203 16.44 9.57 18.60
213 43.75  65.38 60.87 4565 4648 5851 82.69  50.40
216 8.33 0.17 0.50

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 13 Alleles and allelic frequency (%) of eight cattle populations by YCC28 locus

A”::pl BR HO wWB XB XY YCHC YCKM YCXH Total
234 2.08 4.35 6.52 18.68 1759 23.08 1548
238 97.92 100.00 95.65 9348 7691 8241 7692 81.79
246 441 2.73

'Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 14 Alleles and allelic frequency (%) of eight cattle populations by YCBO6 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
161 4.17 6.52 1071 2515 2593 30.77 1981
169 0.29 0.17
171 29.07 2.11
172 56.25  69.23 56.52 4857 6176 3519 6346  53.12
174 16.67  11.54 10.87  21.43 0.15 5.56 3.85 4.64
176 1538  40.70 6.52 5.00 1.18 8.33 5.56
178 22.92 3.85 116 1957 1429 1147  25.00 192 1248
182 8.14 0.59
195 10.47 0.76
199 10.47 0.76

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign

cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan

yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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Appendix Table 15 Alleles and allelic frequency (%) of eight cattle populations by YCC18 locus

A”:;)pl BR HO wWB XB XY YCHC YCKM YCXH Total
172 1.16 0.08
176 9.30 0.67
178 23.08 0.50
180 1042  73.08 3125 3143 1312 1481 30.77  17.17
182 2.08 385 8953 27.08 8.57 3.94 5.56 11.47
184 31.25 417 4000 6443 4167 6731  49.83
188 41.67 2500 17.14 1851 37.96 192 1884
190 14.58 12.50 2.86 1.42

Pop: population - BR: Brahman; HO: Holstein; WB: Taiwan water buffalo; XB: Hybrid foreign
cattle; XY: Hybrid yellow cattle; YCHC: Taiwan yellow cattle (Hengchung); YCKM: Taiwan
yellow cattle (Kinmen); YCXH: Taiwan yellow cattle (Xinhua).
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