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294 ThAZ ol 8T areke] BALGARA 1Y

'Sty velgdrIeted FRAANFEAT - MRt fFRAFERATA
2 d

017d 94 64, AA=A 2017

29

B AFE 4F 7 F5S AR (Saanen (83), Laoshan (67), Toggenburg (32), Alpine
(12), Anglonubian (9), Jamnapari (7), Black Bengal (4)) 1352 ZAA v}# (microsatellite
marker) & #8350 1384 b4 A4S AAISATE dHFAA = 47] (INRA005) & 187)
(SRCRSP23)717] #RlE gom, A& 8-S (Hops) T 71HOIBHITE (Heap) 123 THEAS
HAH 24 (PIC) & Z+7} 0.482 ~ 0.786, 0.476 ~ 0.923 12|11 0.392 ~ 0.915F UElth &3
d fAA AgE FAs] Aste] AAE F4EEA (PCoA) Zie 8dus#4 (FCA) 2434
FARE 23S Hygon, FANASINEE 247 x 10715 o2 =y weiy B A7 A3}
09} EE AT % B glo] AZAREA 43 ARE BE b5 @ A0 Amurh

e 4

>
2

280 AEEE, FAA A, 2484 .

N

1. A&

i

20003t S04 At (Naemorhedus caudatus raddeanus)el] tst #AL A AAIH o7 ZF7)sla
Q= FAo|t}. o] AbFo] AJAEHE= AR (goat milk)Q] & FSHA 7px]7F 98 (bovine milk) R
T} AZre] Ef (Human milk)d] A& 9 243 FARE S4S BEdtke 743 oe 55 2
A HAJYt (Kim 5, 2014; Jung 5, 2016; Haenlein 2004; Raynal-Liutovac 5, 2005; Albenzio%}
Santillo, 2011; Yangilar, 2013). A3y AF2AL Aot 2™, 2010d 7€ o2 bRl dd {4
£2 avlsie A7E oF 1o oaugel Rson, Ba AU B AT A AFTE o
e} A BAZA S840 HA= Atk B uskAct (Jung 5, 2016; Haenlein 2004; Albenzio 5,
2016; Faostat, 2012; Talpur 5, 2009).

Ee 9euele] 49, 20114 ERe TAG AR ol F 5L TiE Dol TR A 2
4 (Holstein) $15:9] Ssatelel s Agol 28 FF02 uRAL, A% (Saanen)3h 2E F44%
42 $43 o] MgAsths T A7 At (Kim 5, 2014). o]&s Aoz i 4]
£ RAE AR A% s AR ASIAE 4 BEol UE W F44 WAL o 7]
49 Ak 7ol T olok & Rolth. Teu} ofd7hA A FEol T A4 SAL shefshe

f 2 adze st 2016d% sted 72 A dol| o 2.
L (17579 1= HA AT S U2 327 AU FA7|EA YA E 2035, thshAA.
2 (17579) A7 A AAE F4= 327 AU SR S o) stm A
3 (17579) A7 = QA AAS SI= 327 At N A
4 WAARE (17579) A= A AAF F 42 327 S, 37

E-mail: kebinkhs@hknu.ac.kr

) 37
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tder e Ve

|

ri

3 FolAAL YA 2 AAoltt mEbd e Y 52 g
|oto] 5o 44 54 2 o84 B4e o A4 w5 ARz 71 Alaret HE Ul
% Nl Bt A o] Jz

N

¢

Z9A4A (Microsatellit)= o2 ulA e} vlwste] F-AWH 0]7]- ol ok 7k WA W B, Z
A= sjofol] thak Aol Bolatel 1990T) FHRE AelslEe) $8A A, gelsh A, §4
2 EAQ H RE 5o BEXHoz dy o]&H 7| AZSATH (Shi 5, 2010; Lee 55,2007 Blott 5, 1999;
Ciampolini -5, 1995; Loftus 5, 1999; Martin-Burriel 5, 1999; Moazami-Goudarzi -, 1997; Peelman
%, 1998; Ruane, 1999; Schmid 5, 1999). wefx & A= 24 tlAE o]&3to] djx: 3l Al
% (Saanen) EFSIe] 8 BE7] G0 A2 B4 0 F5E 04 B 5o AR B4
2 ANT T A% FFS F28 ASRAAALEA AN B BE0) §A4 A ¢
FAe BEs 59 ek ol 71z AR F8aknA A s,

2. A8 2 9y
2.1. FAAE

B Aol 247 A B4 Ao AR BAARE BT ASAIE 5 3F (TeaPa,
Pangchong, Yala 57%)o|A A% 1 Saanen (88), Laoshan (67), Toggenburg (32), Alpine (12),
Anglonubian (9), Jamnapari (7), Lamansa (5), Black Bengal (4)2] genomic DNAE ©]-&3}ic}
(Table 2.1).

Table 2.1 The number of sample in the study

Population The number of sample

Saanen (SS) 88
Laoshan (LO) 67
Toggenburg (TG) 32
Alpine (AP) 12
Anglonubian (AG) 9
Jamnapari (JM), 7
Lamansa (LM) 5
Black Bengal (BB) 4
Total 224

2.2. ZYAA vlA AW

B Ao AR 29 A uAE FA|FE7AES] (International society for animal genetics;
ISAG)o A A= 137) goat markerE ©]-83FAt} (Table 2.2).

d

2.3. PCR 24 9 1}

2

PCR WRZd9] 4L Genomic DNA (20 - 50 ng/pl) 1 ul, A'&A] (Primer)= Forward £ Re-
verse Z+Z} 0.5 pl, Hot start Tag DNA 5384 (polymerase) (Genetbio, Korea) 0.2 pnl, 10x Buffer
1.8 ul, dNTP 1.5 gl & H#7}8F &, vkgdS & 15 pl2 ZA35t9] GeneAmp PCR system 9700
(applied biosystems, USA) & o]&3}lo] PCRS F3itt. PCR Zﬁ% 95Co Al 10 EZF Pre-
denaturation= AA]EF & 95°Co|A] 30 X%, 58 Coﬂfﬂ 30 &, 72CA 3 £ 1 cycleZ 3} 30 cycle
AASIATE I & 72T A 30 £ extension & 4°Co| A SE3} T
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Table 2.2 Primer information for 13 Microsatellite markers in study

Dye Marker Size Primer Sequences (5’ - 37)
FAM-6 SRCRSP23 79-115 F TGA ACG GGT AAA GAT GTG
R TGT TTT TAA TGG CTG AGT AG
ILSTS019 142-158 F AGG GAC CTC ATG TAG AAG C
R ACT TTT GGA CCC TGT AGT GC
CSRD247 218-244 F GGA CTT GCC AGA ACT CTG CAA T
R CAC TGT GGT TTG TAT TAG TCA GG
INRA005 119-125 F TTC AGG CAT ACC CTA CAC CAC ATG
R AAA TAT TAG CCA ACT GAA AAC TGG G
ILSTS087 141-157 F AGC AGA CAT GAT GAC TCA GC
R CTG CCT CTT TTC TTG AGA GC
VIC INRA023 195-215 F GAG TAG AGC TAC AAG ATA AAC TTC
R TAA CTA CAG GGT GTT AGA TGA ACT C
SRCRSPO05 163-185 F GGA CTC TAC CAA CTG AGC TAC AAG
R TGA AAT GAA GCT AAA GCA ATG C
NED ILSTS008 168-182 F GAA TCA TGG ATT TTC TGG GG
R TAC AGT GAG TGA GGT TGG C
INRAO006 98-124 F AGG AAT ATC TGT ATC AAC CTC AGT C
R CTG AGC TGG GGT GGG AGC TAT AAA TA
MAF065 116-152 F AAA GGC CAG AGT ATG CAA TTA GGA G
R CCA CTC CTC CTG AGA ATA TAA CAT G
PET OarFCB20 86-124 F GGA AAA CCC CCA TAT ATA CCT ATA C
R AAA TGT GTT TAA GAT TCC ATA CAT GTG
McM527 158-176 F GTC CAT TGC CTC AAA TCA ATT C
R AAA CCA CTT GAC TAC TCC CCA A
SRCRSPO08 112-242 F TGC GGT CTG GTT CTG ATT TCA C
R CCT GCA TGA GAA AGT CGA TGC TTA G

2.4. 28 FA48 4

PCR ZZ 22 Ao wel Hi-Di™formamided ©]€3te] 10 ~ 1008]2 3] A3k t}e, 345
PCR ZZ2422 t}A] 8 Hi-DI™ formamide®} GeneScanTM -500LIZTM size standard 2 3] 4]
3lo] Genetic Analyzer 3130x] (applied biosystem, USA)E o]&3lo] BAF A7|95S AATE &,
GeneMapper version 4.1 (applied biosystems, USA)< o|§3}o] ZF 2 A A ul7 ol ofst gl g-/-A =}
o] 3718 ZA3AT. Z2AHE dHFAAE2 MAEZE Microsoft Excel (Microsoft, USA)& |83}
o] ZARE At o) 3 SAEA A A8t

2.5. Awe] ALY

hF-FA=Le] = (No. of allele), 7]tho]& A &4 (expected heterozygosity; Hezp), HZ01 B H TS
(observed heterozygosity; Hops), TF8 A R A4 (Polymorphism information content; PIC)E AlAt
3} 7] 913 MS Toolkit software (Park, 2001)& o] &3}lAth A vlA F9E 532 A (homozy-
gosity; Hop), ©]8ZA (heterozygosity; h;)+= Th3} Zro] Z A8}

Ho=»_ P?hi=1- H. (2.1)

P 29147 viAe] 27 By fant MEolth. wa
4 (H)e thest 2ol 4Z5gin.

HE mE 29497 S BF o9

S
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H=Y H_i. (2.2)

Hi= i37) 2944 viA 9] o]|@AAoln r& FAUG 2 vbA elth. Zhzre] zdol 13y
AR A4 (PIC : Polymorphism information content)+ t}23} .

K K—-1 K
PIC=1- (Z Pf) - > > 2pPp}, (2.3)
j=1

=1
4714 Pi, P 22F o8 jA) o) A7k e s S8eln], ne oy Saxe] A4elt,
7 #9d AW mE Al o] o8 Augte] Aol AEE Hoksr] S5l Wright

(1951)° oJ3ll AAIE F-statistics S ©]-83F2AF Weir2} Cockerham (1984)°f 2J3] 1 9te ¥y
of| o3l A4kttt (Table 3.1).

Fd BAES FRol uig BEIF A gle 4% (NE-1P), 3% 2SS 41 3l& o e & %9
4 23& (NE-2P)9] B¢, AT Aee 25 &2 = 4% (NE-PP)9] 24 2385, vj¥8d A
@ UellA TE FAAES B ¢ e T A 28§ (NE-1)3 7 Fuj| AtoloA L3 /4
A8E RS 4 S ol v FE0A 288 (SI), HiE8d Jd WellA 54 fFAAEe Bad &
JE L AA 235 (NE-1)7} F Fuff AojollA] U3 FAAF S H/E 5 Qe ol ol 5L
A £38& (NE-SI)= Cervus ver 3.0 (Marshall 5, 1998) 2 13§ o]-&-3}o] 22314

fin)
o
N
N

FA74 ADVAL BA] AN 7 AL ARAA NS o B3e] FAREA
(principal components analysis; PCoA) @ & 21t]-3-84] (factorial components analysis; FCA)<2 Z}
Z} GenAlEx 6.4 (Peakall and Smouse, 2006) 2} Genetix (Belkhir -, 2004)5 ©o]83}o] £33t}

qul

3. 7:1_,,]_1:1] ;}j_]—

3.1. 2184 v 9 ©¥A4

£ A7+ "5y 7HENERE 57 33 (Tea-Pa, Pangchong, Yala 57322 R AF¢e 8 £F
dez 1359 ZAAA vAS E8ste] 5 8 384 e B4 A AR
gidez 13%2e ZAA4A niA o dlst dyd-/FAX 4= (No. of Allele), #Z0]FH TS (observed
heterozygosity; Hops), 71tHolE HeH& (expected heterozygosity; Hesp)
phism information content; PIC), F-5A% (Fit(F), Fst () ¥ Fis (f)
At

ANADE WA 2 1359 2P A ntAS B8 A7 47) (INRA005)FE 1871 (SRCRSP23) 7t
2] B¢ 10.15712] P72 A7F 1= 9Tt Botstein 5 (1980)-2 2944 vlA9 thdAd =& o
Bohs 122 Aol RYTE (Heuyp) 0] 0.6 o 40) 7, LhIAARAS (PIC)2] gko] 0.5 0|4
7= Aol =L uiF el Budk v ok (Albenzm and Santillo, 2011). & A7 A} 13%29]
ZAA4A AL Heypp3he 0.476 (INRA005) O A 0.923 (SRCRSP23)7HA] - 0.758 2.2 FHlE gl o
], PIC 3te] 7% 0.392 (INRA005)o]A 0.915 (SRCRSP23) 0 2, 7 0.725% Sl qr). welA
2 ol o] 8" INRA0OS (Herp;0.476, P1C;0.392) PHAE AT 1252 ZHAAA viAE 4F =+
T vy A B4 Aol glo] &8V =& 20 AlsHh

U o

) AR A4 (polymor-
)& A4Fske] Table 3.191 Al
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Zh 244 vbAY FRA 1R mE 23 et JAY ApEA ARE FAs] $5ke] F-
statistics ¥4 AFE &3} (Table 3). F-statistics 42 o] 3 F§hx

=2 A U 448 14 Bx 2 231 A= (Fis(f =

(F), AZ o2 Ak Hell AAE 2 ol FH/TA 24 A= (Fst (0))E ebdth & 75 S 29
A vAYE Fis (f)ZHS B 0.0128 FAxglon, -0.053 (INRA023)oA 0.341 (SRCRSP8) Ale]
o yelugton, (Fit (F))$}F (Fst (0))+ 7 0.177, 0.168% Z+zh 4H&= i)

)
i—"l
i)
ay)
2
)
o
Ho
)

Table 3.1 The statistical analysis of No. of Allele (k), heterozygosity (Hops and Hegp), polymorphism
information content (PIC), F-statistics value using selected 13 microsatellite markers among the Goral (daily

goat) breeds

Locus k Hops Hegp PIC Fst (0) Fit (F) Fis (f)
ILSTS019 7 0.500 0.770 0.735 0.116 0.350 0.265
INRAO006 11 0.741 0.865 0.848 0.255 0.303 0.065
MCM527 8 0.582 0.649 0.618 0.270 0.404 0.184
OarFCB20 9 0.638 0.707 0.662 0.116 -0.037 -0.173
SRCRSP23 18 0.634 0.923 0.915 0.167 0.240 0.088
SRCRSP8 13 0.527 0.776 0.747 0.149 0.440 0.341
CSRD247 10 0.786 0.836 0.813 0.163 0.061 -0.122
ILSTS008 7 0.728 0.724 0.686 0.115 0.002 -0.128
ILSTS087 9 0.723 0.749 0.711 0.122 0.029 -0.106
INRAO005 4 0.482 0.476 0.392 0.261 0.138 -0.167
INRAO023 11 0.673 0.772 0.741 0.194 0.151 -0.053
MAF065 14 0.754 0.849 0.831 0.117 0.089 -0.032
SRCRSP5 11 0.701 0.755 0.727 0.141 0.130 -0.012

Mean 10.15 0.651 0.758 0.725 0.168 0.177 0.012

SRCRSP23 ul7+= £4 RI&3 F4MA 288N 7P w2 % (NE-1P; 0.227, NE-2P;
0.161, NE-PP; 0.043, NE-1; 0.012, NE-SI; 0.293)2 eyl on, INRAOS uAE= 7Hd =2 3
= Jehiitt (NE-1P; 0887, NE-2P; 0787, NE-PP; 0.671).

1359 2944 wHAE ASste] A EHE 2 ¢ AA 2d&L #9l & 43, NE-1P;
0.00078447, NE-2P; 0.00000797, NE-PP; 2.00 x 107%, NE-1; 3.03x 1075, NE-SI; 0.00000506 2.2
e gk olgst Axe AE A A7 o) vERG ASE AlsEHW Yoo 7|7 A-FE
ENAR AAE 4L 5 g 2o AZEr

metA 2 A7 o]8H 13FY 2HAA HAE 85t TR B4 594 E4S AAE A
T, vHAY A e S8 & 2 oE AsHr
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Table 3.2 Average non-exclusion probability for one candidate parent (NE-1P), Average non-exclusion
probability for one candidate parent given the genotype of a known parent of the opposite sex (NE-2P), Average
non-exclusion probability for a candidate parent pair (NE-PP) Average non-exclusion probability for identity of

two unrelated individuals (NE-I), Average non-exclusion probability for identity of two siblings (NE-SI) and

Hardy-Weinberg equilibrium (HW) using selected 13 microsatellite markers

Locus NE-1P! NE-2P? NE-PP3 NE-14 NE-SI® HW®
ILSTS019 0.621 0.441 0.254 0.087 0.388 ok
INRAO06 0.434 0.275 0.114 0.034 0.327 ok
MCM527 0.744 0.559 0.353 0.154 0.465 NS
OarFCB20 0.702 0.527 0.339 0.130 0.430 NS
SRCRSP23 0.277 0.161 0.043 0.012 0.293 ND
SRCRSP8 0.599 0.417 0.224 0.078 0.383 ook
CSRD247 0.499 0.329 0.155 0.048 0.345 NS
ILSTS008 0.675 0.495 0.301 0.114 0.417 NS
ILSTS087 0.648 0.468 0.278 0.100 0.401 NS
INRA005 0.887 0.787 0.671 0.359 0.602 NS
INRA023 0.603 0.424 0.231 0.082 0.386 NS
MAF065 0.463 0.299 0.128 0.040 0.336 NS
SRCRSP5 0.621 0.438 0.237 0.087 0.395 NS
Combined 0.00078447 0.00000797 2.00 x 10799 3.03 x 1071° 0.00000506

1 NE-1P: non-exclusion probability for one candidate parent.

2 NE-2P: non-exclusion probability for one candidate parent given the genotype of a known parent of the
opposite sex.

NE-PP: non-exclusion probability for a candidate parent pair.

NE-I: non-exclusion probability for identity of two unrelated individuals.

NE-SI: non-exclusion probability for identity of two siblings.

HW: Significance of deviation from Hardy-Weinberg equilibrium. Key: NS = not significant,

= significant at the 5% level, ** = significant at the 1% level, *** = significant at the 0.1% level,

ND = not done. These significance levels include a Bonferroni correction if the Bonferroni correction

3
4
5
6
*
option was selected.

ozl KA @ FABA

3

£ 7] &89 8 FF9] 4t Ao §AA FABAE ] flte] Jukzke] {FA4 Ao
FAEE A (principal coordinates analysis; PCoA) @ 2 QIt]-3-+4] (factorial components analysis;
FCA)< A A8l Figure 3.1, Figure 3.20) z+z+ A A 8FSA )

PCoA £4 23} Al 14&9] #4A= 22.43%, Al 24129 4 4= 19.62% 2 &A= len, o] W
S50 osiAE SS F57 LO £%F 123 TG £35S A2 732 s AL &9 & 5 dgnt
(Figure 3.1 (b), 3.1 (c), 3.1 (d)). 1 & t}& FFT52 A I77F Zol THPFAEE o|FA £ A
oz gt o] =3 FAe A7]E uEste] F7F EA o] o]RolXitkd 7+ He] o] ¥4

Ao ® Ag )

LSRN A} F BAXE 62.31% (Axe 1(23.55%), Axe 2 (22.74%) Ax 3 (16.02%)) = &l
Hk 33 =3 A A, A7 FF0l AR thE PAE @A As g 3 5 st

2 AT A 8ESS e 13+«l 25184 UHH E‘rﬁM =4, Xé 4:% 454 WA =

A4, S 4 2 594 -Erﬁfﬂ] 2ol £E0 B8 A% 9 u}ﬂa}z A}E%u}. = 49
8% 29 §44 Ae Ans % AN B3}, 3 FF (S8, LO 183 TG)e)

=
o] Sh=2
¢ 4 w5 2Re e A ot 2Eu 54 559 744 1A Eoe Al

r
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Aoz thAe 21 9
o glo] EHAY Ao
¥ 329 e

oz FA Yk oleld Ak 4 Fxol Ue e A U
A} AERAALoEH Yy HES

2oz Atgdrt

Principal Coordinates (PCoA)

«PBB s AP s AG * JM * M » [(

Axis.1 (22.43%)

(a) PCoA with total breeds

Principal Coordinates (PCoA)

Aods.1 (22.43%)

(b) The highlight of only SS breeds
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Principal Coordinates (PCoA)

M o LM »

(c) The highlight of only LO breeds

Principal Coordinates (PCoA)

(d) The highlight of only TG breeds.

Figure 3.1 Principal coordinates analysis (PCoA) of allele frequencies from 13 microsatellite loci typed in 8
population using the GenAlEx, SS: Saanen, LO: Laoshan, TG: Toggenburg, AP: Alpine, AG: Anglonubian, JM:
Jamnapari, LM: Lamansa, BB: Black Bengal
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Axe 2(22.74 %)

Axe 3 (16.02 %)

2000 -1.000 ° 1000 200 3000 =) 500 500 700 300 9000
Axe 1 (23.55%)

Figure 3.2 Factorial components analysis (FCA) of allele frequencies from cattle microsatellite loci genotypes
calculated using GENETIX, SS: Saanen, LO: Laoshan, TG: Toggenburg, AP: Alpine, AG: Anglonubian, JM:
Jamnapari, LM: Lamansa, BB: Black Bengal
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Abstract

In this study, genotyping was executed by using 13 microsatellite markers for ge-
netic diversity of 224 Gorals (Saanen(88), Laoshan(67), Toggenburg(32), Alpine(12),
Anglonubian(9), Jamnapari(7) and Black Bengal(4)). The number of alleles was ob-
served 4 (INRA005) to 18 (SRCRSP23) each markers. Observed heterozygostiy (Hobs),
expected heterozygosity (Hesp) and polymorphism information content (PIC') were ob-
served 0.482 to 0.786, 0.476 to 0.923, and 0.392 to 0.915, respectively. Principal Com-
ponents Analysis(PCoA) results were similar to the results of FCA. NE-I(on-exclusion
probability for identity of two unrelated individuals) was estimated at 2.47x1071%. In
conclusion, this study shows the useful data that be utilized as a basic data of Gorals

breeding and development.

Keywords: Gorals, genetic diversity, Microsatellite marker.

T This work was supported by a research grant from Hankyong National University in the year of 2016.

1 Graduate student, Department of Genomic Informatics, Hankyong National University, Anseong,
17579, Korea.

2 Assistant professor, Department of Biotechnology, Hankyong National University, Anseong, 17579,
Korea.

3 Professor, Department of Biotechnology, Hankyong National University, Anseong, 17579, Korea.

4 Corresponding author: Associate professor, Department of Biotechnology, Hankyong National Univer-
sity, Anseong, 17579, Korea. E-mail: kebinkhs@hknu.ac.kr



