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EEIVERSEEYEE  hAEYSEEANE N BEER G K ER BB EEZHE 2 — - AUf5RER 29
AHFER T AR - AT 64 BEADE ST ~ 63 BHERRRIT K 62 BHAY B i 2 fEFE DNA i > 51 189 [ - &3tz
1R =B SRR RS O B R (Na) ~ AR B RS (Ne) ~ BUHIEE T (Ho) ~ HHE AT (He) ~ ZREMERE
i (PIC) ~ HEEEHT A5 B (Fis) SOBEEE T EFE 8 (Fsp) 738 55 9.9 ~ 4.2~ 0.615 ~ 0.718 ~ 0.682 ~ 0.0453 J7 0.1459 - =i
GhFETEFE > (E R PIC {EE AR 0.5 - LLILYSE E5E7E PIC [HEA @ B NEFEER B A S S EELEMEER - It
Gb o HERFESREITEEIR > FrA B R =R BRI EHE - EER 0 BB T S A AR
7 95% DA b > HEAFEIREFE IR R CAHE 4L

RESEEE - TS - AR - R E T -

4

i 2015 FRESRHF PR ERT EE SRR » REBIRFEEEZE 717 (8 (hEEmEEZ 43.8% 0 KR
EEMEEEE 2 14.3% » HIL TS AR H R LR AV E I © MEsE & 2 e E E E TN K EHDE - 18 2 E5E
R4y 61 E5H » HHfEAFELY 2 BT - MRFELY 59 B (TTBIRREZ BG4t » 2015) < YIREER M HtE
TR e LAY ERER I 28 AR B PRUELHVSE SR - S ERVERZ M hE & g i ERIRE HE R - ZARRE¥ERZE
HIE R - B0tIR LIPS EERTA ARG E S mf@EaE 8k BV EmEnEE Sl e RS ERYR 12
LfER - MRS RIEE BT A - ERERE - SR ET S BN AR FIRZEMIET » FREAIME
RAFESESN » TN N A G EAREE - Wit BEENESEEERIEZERIREEZSMAIA - 2010 F£1EHAZ %
iR T AV SR LTS 10 EEFLIEIEEE (CBD-COP10) - &5 i 4 5 E & (Nagoya Protocol) B K
H#Z (Aichi Biodiversity Targets) (http://www.swan.org.tw/docdir/24BC539871.pdf) » 43 Hlk 2B EL R &R AV E A1 freE
VLR N ERRAUEM EHAR - BRIEEETE 5 RSRNE B 20 THEEE B AR - H A 5REs HAE 3 Rfri8 ARk A
WAL R 20 Bk 1 DACSGE AR W 2 BRI © TIARRE BARE 13 BHE T 31 2020 4F - {EY) ~ BB HBT A &Y
fe o DL A B & &R B E 2 VIR ES R SR M e - [RIRE 8 W T OReB AR R 2o iR 1 SRS - DA H e
Feo g o 2014 FEBEEEIEE 68 Em A g - IENERERGY k85 BT (SDGs) | Ak - W& HIE " BiaEl 2015
Fi% 52 | (http:/nsdn.epa.gov.tw/files/sdgs/ i &5 B 7k 43¢ I8 H AR TP SCHRIEE pdf) - K@% HAERWTE 17 THE R
B 169 {EAE EAR - HPRERE T ZAEBRE 2.5 7E757T 2020 4EAT - 4ERFE T~ FAEEY) - &R B AR
Br A il BRR AR » EiEE R - BRI 2 58 R AR bV BB Y8R, T » W R PR R R B
BRI E A VTR S MR IS R A EN = ) o HIELEAL PR RS E B -

{2 15550 (microsatellite marker) ¥ {17 /A ZLRI4H FR I E4R ARSI 15 (non-coding region) » [ Fh &S & K BB S A
HWEEE RN HE R AN EERAE S « 5T WYL AR P IR 30 kb giA —(@ e ix H i AT
53U (Stallings et al., 1991) < [t4F - i EAERC A AR LM - FREZ HEEAIRE S - "R EEEIRE
J# (quantitative trait loci, QTL) 5Ef17. (Okamura et al., 2012; Honkatukia et al., 2013) ~ JEEZELSHIE (Butler, 2005) ~ 4%
$27F (Cherel et al., 2011; Hiibner et al., 2012) FFeR M 5711 (Chang et al., 2009; Chen et al., 2012; Regidor-Cerrillo
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et al., 2013; Sharma et al., 2013) &5 - B EEEE M40, (Food and Agriculture Organization of the United Nations,
FAO) Higrh » #3 — 230 A B E T ETESE - L4 - KE -~ W05 - 47F - BEEeRt - &5 - B - SRR EN
Ty AT R B (AR (FAO, 2011) » & {E A Z)‘E Ay EAEEC BT - PR S MBI R R SR RV EE A —
BMERVERAE - HATARISEEER SR TIHSE » SRR ENAfE - (2 EEESE (Chang ef al., 2009) ~ FEITL
FELUZRIRFE (Wang et al., 2006) ~ 75 g 58 (Michailidou et al., 2014) ~ E§3E M Criollo 5% (Revidatti et al., 2014) ~ #kFg 71
{EH 757%4%E (Ha Lang ~ Muong Te ~ Mong Cai ~ Lung & Lung Pu) (Pham et al., 2014) » JR7E/VEHFFEEINE S dr At fE
g 2 BN A (Thuy et al., 2006; Vicente et al., 2008; Chen et al., 2012) © AHWF%¢$1 5 PR BB 58 s £ 4
Y = (ERpFE L& 5T (Duroc, D) ~ Bl (Landrace, L) K 4J5¢ & (Yorkshire, Y) AYESE » #1750 TE{HE2 34T -
FE DA R S & AR 2 R R S -

MRERTS A
L FEimbREE
TEFE MR fn ok B WA DA N v & GiEsa e ek - A R 208 S A58 5 A i AE - LIS busER| EDTA 2
RIMEFREFEMEE 3 — 5 mL > {# DNA ZHZE4H (DNA Isolation Kit for Mammalian Blood, Roche, Germany)

ZEHUZIAN DNA > fEERIO A o E— 0P BE &8 i & 6 8 HLBEERFE S 110 (&) DL EA#ESE 2 DNA » 383
189 &5 + Hrh D fnfd 64 [ ~ L fofd 63 & 5 Y fnfdE 62 ([ -

1L {2 R A

Pk FAO HE 125 FIA I 9T 2 5% 3R B RE 54 72 (4 5B FH BRI A el e B 28 (A a0 3k 29 4H &4 IGF1 ~ S0002 -

S0005 ~ S0026 ~ S0068 ~ S0090 ~ S0097 ~ SO101 ~ SO0143 ~ SO155 ~ S0178 ~ S0218 ~ S0226 ~ S0228 ~ S0355 ~
SW122 ~ SW2008 ~ SW2406 ~ SW2410 ~ SW632 ~ SW72 ~ SW830 ~ SW857 ~ SWI11 ~ SW936 ~ SWr1941 ~ SW240
(FAO, 2011) ~ KS148 (Z% » 2013) kz OPN (B4 - 2001) - JEAATEFE RN ZBEME T - SRS 2 —5
TS e Y'E FAM ~ TET 5 HEX - #{7 D ~ L & Y ShfE 3L 189 UEAESE DNA £ 51~ PCR ° (XI5 & AU i
2 PCR & » #E{T multiplex 4347 = B 1 uL B E ke > PCR EWYJEL 0.25 pL 2 fE4E N, (GeneScan-500 LIZ Size
Standard, Applied Biosystems, USA) > i fill A 9 uL 2 Hi-Di FliiH# (Applied Biosystems, USA) » JE&195){% » BHIY
90° C iy PCR {25 S FERE T 14 5 min » P DAEHE)E 7 # ABI3730 (Applied Biosystems, USA) #{TEE
Bk 7THE A& LA GeneMapper v4.0 (Applied Biosystems, USA) $RAGHETT /3T » DUS S (dA5 in  A [F) 8 EAEEC
TREERE -

ML &5t

H GeneMapper %\E”” ST SRR L 2 AR RN E R 0 B excel fE 2R FHAIH 73712 =X Microsatellite
Toolkit (Park, 2001) #E1T & {E 28 2 HE i » BIESCE AN H (number of alleles, Na) EAAFHA ~ NS E &
(observed heterozyg051ty, Ho) ~ HiZ /& (expected heterozygosity, He) Kz 2 HE14EE1/E & (polymorphism information
content, PIC) « A EENEH (number of effective alleles, Ne) (VETE/A\F0A  Ne=1/(1 — He) - fEfJ FSTAT
2.9.3 FHEREEENYIT I 281 (Goudet, 1995; 2001) » WEEErREEREEE 2 15 8 S 47 17 (Hardy-Weinberg equilibrium,
HWE) (Guo and Thompson, 1992) > Al ¥ F§ GENEPOP (Raymond and Rousset, 1995) ¥ Cervus 3.0 (Kalinowski et
al., 2007) ¥RES5E K © A BE S fE [ £ Nei’s 28 #E#E> A R Dispan #1088 58 5% (Ota, 1993) » SSIEEEEHY 7342
& DL Wright’s fixation index £ 37 (Wright, 1965) > i 2L GENEPOP i FSTAT X #8 57 M1 » % 1% E F STRUCTURE
2.3.4 Wifs (Pritchard er al., 2000) M#ETTEEEI AR 2 B HT - E1EL 5,000 Z07%27 1,000,000 ZXATREAY S EEEL K (K =
1 — 10) » & K {HEEEHEE 3 2 » A F|FH STRUCTURE HARVESTER v0.6.91 f2=, (Earl and vonHoldt, 2012) {{Z
Evanno j% (Evanno et al., 2005) {HE 73 K {4 -

FE R AR i
L fo a2
[ 29 4HAE S — 2t AV > 0T 189 BHMAE S 5% fEFE DNA £ - 5115 287 (AR AR » MifE
= Na ~Ne ~ He ~ Ho & PIC 43 RI[ 172 5 (S0355) — 24 (S0005) ~ 1.8 (S0218) — 13.1 (S0005) ~0.434 (S0218) — 0.924
(S0005) ~ 0.138 (S0218) — 0.873 (S0178) K 0.412 (S0218) — 0.916 (S0005) > {fij EFHE{E HI ST R 5 9.9 ~ 4.2 ~ 0.718 ~
0.615 }2 0.682 (% 1) - AWFST S0005 50 & 7H fix ZHIAS L AL EL H 22 24 {[ > FbEE Chen er al. (2012) 73i2Z/E 52
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FEELHA S EFE LA (U~ BRE - B0 E - MR - Bl AU E ) MEFE] 22 ([EX R > K Vicente et al.
(2008) 434787 - = (&t }5%4F#E (Alentejano, Bisaro, Malhado de Alcobaca) B PU{[E pg (b i ( M 7T ~ BERGHT

KASIBLE ~ EEFIEE ) 15 20 ERCEER Z &5 o 2R Chang ef al. (2009) S3Af REIEFETERS - ESEIRIfE
RRERA o [EAN - ABZEH S0005 2 Ne ~ Ho Jz PIC {H & By FrA a2 et » {2 He {(E{E A S0178 - S0218 HyEL
RS EE > Br Nash > HEgZ Ne ~ Ho K PIC B & A FrARERC Z B (R o IR SEirke E 45 R a3 » 29
{EfEECH - 10 {EfE 7 B E R sk (P < 0.01) » {HA—(EREECHASE R ST HT (S0005) » &K MR e T BB i Al i A

8% BB e R S A R R - B h s SO AR B A BE A TT R B 10 {EREECA EBHRA (% o WS 29 {EiEE0
2 Fis FH9{E B 0.0453 » &[E /1L -0.0879 (S0355) £ 0.6629 (S0218) » S0218 firjit X Zxtafs F 5 FHb Fig (HIRAKHE
75 IGF1 (0.2703) B SW2008 (0.2038) » Fy, SEHI(E 5 0.1459 » /17 0.0146 (SW2008) Z 03191 (OPN) «

* 1. 29 (i 2B EIECRE

Table 1. Characteristics of 29 microsatellite markers used in this study

Locus SSC Na Ne Ho He PIC Fis For HWE test
IGF1 5 9 4.5 0.534 0.780 0.746 0.2703 0.0896 ok
KS148 8 12 34 0.550 0.708 0.673 0.1741 0.0854 wE
OPN 8 11 4.7 0.603 0.786 0.752 -0.0077 0.3191 Hoxk
S0002 3 13 5.3 0.751 0.813 0.786 0.0193 0.0839 NS
S0005 5 24 13.1 0.825 0.924 0.916 0.0429 0.0963 ND
S0026 16 7 3.8 0.561 0.736 0.688 0.0109 0.3088 oAk
S0068 13 16 4.4 0.698 0.775 0.748 0.0192 0.1169 NS
S0090 12 8 4.4 0.667 0.770 0.734 0.0665 0.1055 NS
S0097 4 12 3.8 0.661 0.737 0.694 0.0369 0.0994 NS
S0101 7 7 3.6 0.640 0.719 0.677 0.0389 0.1055 NS
S0143 12 6 2.6 0.550 0.613 0.557 -0.0392 0.1908 NS
S0155 1 8 3.6 0.550 0.723 0.680 0.0349 0.2867 ok
S0178 8 15 8.0 0.873 0.875 0.861 -0.0598 0.0844 NS
S0218 X 7 1.8 0.138 0.434 0.412 0.6629 0.0891 ok
S0226 2 8 39 0.646 0.743 0.696 -0.0229 0.2095 *E
S0228 6 13 4.7 0.725 0.786 0.764 -0.0310 0.1493 NS
S0355 15 5 2.6 0.561 0.614 0.579 -0.0879 0.2217 NS
SW122 6 9 5.1 0.651 0.805 0.779 0.0151 0.2468 oAk
SW2008 11 7 2.6 0.481 0.610 0.531 0.2038 0.0146 NS
SW2406 6 13 2.6 0.550 0.614 0.589 0.0437 0.0921 NS
SW2410 8 7 2.3 0.550 0.567 0.529 -0.0117 0.0593 NS
SW632 7 8 4.1 0.688 0.758 0.720 -0.0539 0.1937 NS
SW72 3 7 3.7 0.741 0.731 0.685 -0.0603 0.0643 NS
SW830 10 9 2.2 0.481 0.536 0.506 0.0256 0.1120 NS
SW857 14 12 5.6 0.783 0.822 0.798 -0.0344 0.1136 NS
SWoll 9 6 2.7 0.508 0.635 0.564 0.0748 0.1903 NS
SW936 15 10 3.7 0.593 0.733 0.691 0.0768 0.1758 **
SWr1941 13 9 4.9 0.646 0.794 0.765 0.0957 0.1447 oAk
SW240 2 9 3.1 0.630 0.673 0.643 0.0140 0.0752 NS
Mean estimate 9.9 4.2 0.615 0.718 0.682 0.0453 0.1459

NS: Not significant.

ND: Not done.

**:P<0.01.

**%: P <0.001.

SSC: Sus scrofa chromosome; Na: Number of alleles; Ne: Number of effective alleles; Ho: Observed heterozygosity; He:
Expected heterozygosity; PIC: Polymorphism information content; Fg: Wright's fixation index, within population
inbreeding estimate; Fq;: Wright's fixation index, genetic differentiation among populations; HWE test: Hardy-Weinberg
equilibrium test.
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M EE 29 S EIE S AR SRR S B - BRGSO AN (total number of alleles, TNa)
Na -~ Ne * Ho ~ He » PIC ~ Fj (% 2) - &S 8 PHEUERFES BB Na: 5.8 (D) — 7.3 (Y) ~ Ne: 2.8 (D) — 3.6 (Y) ~
He: 0.589 (D) — 0.676 (Y) ~ Ho: 0.559 (D) — 0.649 (L) % PIC: 0.529 (D) — 0.626 (Y) ° S fBfiHE R A ML 3 -
D L S 2N E S Ry (i 5 MY @fEER He 7 » HErS U5 {E & fyixs o Berthouly-Salazar ef al. (2012) 4347
R T REAE R SEAESE (L B Y) IF » 253 L fufdAY Ne ~ Ho K He “P39RIN Y fofd ¥ 5 Z8 L mfdify Fig {8 >
R/ N« Vicente et al. (2008) {5144 A3t )7 547 B VU (E G 25 bonfE AR R 2o R M 2 800 - 3830 D sy 28 B
B At =B RGFEALanfEE Fy K o Chen er al. (2012) 32 SR8 B I HREREAESE (B e E - HI&5T - BEsmiT
Je# e E ) B > Horr D iRy Ho B R DUTEEEEFE (R - D infi Ky S 5818 - THEIA R 25880V B H0EE ;
HREZER R LA E 2 S A5 » H e BIaT B 4EuasEs L B Y sufEfEntss fy/) - B THEA D SissEny &N
RSB E =P RE - EVZREAYEN HERR GBI ERE RN —HER T EET T 2
BERZENE » AR ITEUR - il 2 B MEECEEFE 1V RN 215 M 1 228 (He, Ho, PIC) “H5E B KA
0.5 > Botstein ez al. (1980) f5H} PIC > 0.5 BF » R EAYEL R B S E MRS, > DR am TR B R P B g AR5 B
e HL 5 FE A E 2 e A -

*® 2. AEBEEEARZ RS BSE TS

Table 2. The average estimates of genetic diversity parameters among pig breeds

Breed N TNa Na Ne Ho He PIC Fis

Duroc 64 169 5.8 2.8 0.559 0.589 0.529 0.051
Landrace 63 206 7.1 3.5 0.649 0.669 0.620 0.031
Yorkshire 62 212 7.3 3.6 0.639 0.676 0.626 0.055

TNa: Total number of alleles.

III.

5 (R i B RE

=&l mfE (L~ Y Bl D) B {EpEgE - 4152 3 s - D B Y [l 2 Nei’s B EIERGER A - HIHDBIL; ML
ALY [ 2 SRR - FIIE/ N » AHT5245 58 Vicente ef al. (2008) —%X ; {HE2 Chang et al. (2009) A1 Chen et al. (2012)
Z WA RWRIITIEH D B L [ 2 3B EPERER /N © Vicente er al. (2008) {55 22 {EZ& A0/ A& TE i {2
iRt BEAHITAT I Z 29 (EfEECH A 18 {EAH[E] » 7R Chang er al. (2009) Bl Chen ez al. (2012) Fr{H FH Y AR
SO Ry 19 B 1S {l - i BLAWTFEAH RIAVIEECIE & f 13 B 11 (i » RIELATRE Ry i 2= 2R » 25 DA For HER
B =B S TE R > BRI - 45581 Nei's 2 EHPERES 8 B > ChicghamH (A - EF STRUCTURE #E1{TiEEF45 1 EL
AR T 0 SePA 1 210 2 K{E#ETERR - TR K HRHE © 455880 - K= 3 K@ 0 BEEUE (
1) o BIE E o REAZERISHT D ~ L~ Y R[E = (E s S EE R 5 - IR E S E 2 Sl = sy BF R E 2 =
eeAE AR o DR AR T BE A (B 2 BAR 4) 3R ¢ B v EFE R E i (> 95%) 4HAEK 0 Dt 5
AR 3 Ef L i BN E—8F - T Y @Al F 2 AN =08 © B—rBfbR L mfEsh » &
## 3.8% 2 Y iLfE o Vicente et al. (2008) #ET T fLfE (Alentejano, Bisaro, Duroc, Landrace, Large White, Malhado
de Alcobaga, Pietrain) 7rEF/MATHDT © L dnfE (A FITEFZ A Sy 0.891 5 Y (nfd (Large White) {55 2277 BF
ARy 0919 5 1 D mmfd (G iy FEE T RE 2 ARER Ry 0.973 o (I ATHEN > BESBME B FE LAy TIRE & (B
ZH ) AL AT =B A 2/ D EE 95% DAL -

3. FAhOTEME Neis B EEEHE (EAGLIT ) 8 Fy 5{E (HAKRILE)

Table 3. Nei’s standard genetic distance (below the diagonal) and mean Fg; estimates (above the diagonal) among pig

populations
Population Duroc Landrace Yorkshire
Duroc 0.1635 0.1687
Landrace 0.3971 0.1043

Yorkshire 0.4227 0.2740
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Fig. 1. The optimized K value assessed with Evanno method by STRUCTURE HARVESTER.

#4. D) STRUCTURE #8534 & S S B AR
Table 4. Membership coefficient of the breeds tested in the three clusters inferred by STRUCTURE software

Predefined Population

Inferred clusters

1 2 3

Durco 0.010 0.976 0.014
Landrace 0.980 0.007 0.013
Yorkshire 0.038 0.004 0.957
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Fig. 2. The clustering of breeding pigs with 29 microsatellite markers by STRUCTURE.
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BZE - BT - 5RFEEE - 2001 - BT E ST EO RN T @S2 TC BEEEEST - THEREEH 2 1 217-
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Abstract

The genetic diversity protection of domesticated animals is one of the important targets of Aichi Biodiversity Targets
of the Convention on Biological Diversity and the Sustainable Development Goals (SDGs) of the United Nations. A total of
189 breeding pigs including 64 Duroc, 63 Landrace, and 62 Yorkshire pigs were genotyped using 29 microsatellite markers.
In this study, the values of mean number of alleles (Na), number of effective alleles (Ne), observed heterozygosity (Ho),
expected heterozygosity (He), polymorphism information content (PIC), F g and F¢; were 9.9, 4.2, 0.615, 0.718, 0.682, 0.0453,
and 0.1459 for the three breeds of breeding pigs. Moreover, the average PIC values within breed for three breeds evaluated
were larger than 0.5. Particularly, the PIC of Yorkshire pigs was the largest among the three breeds of pigs. The results
indicated that the pig populations possess high genetic diversity. Besides, the clustering results showed that all samples
could be classified into appropriate three clusters and each cluster was composed of one major breed with more than 95% in

frequency. It implies that the tested breeding pigs are quite pure in the specific breed.
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