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ABSTRACT

To test applicability to the Hanwoo traceability system, twenty microsatellite markers were selected and
analyzed. MSA, CERVUS, FSTAT, GENEPOP, API CALC and PHYLIP software was employed serially
to estimate heterozygosity, polymorphic information content, F-statistics, identity probability, exclusion
probability and genetic distance. Eleven microsatellite markers (TGLAS3, TGLA227, ETHI85, TGLAI22,
BM4305, INRA23, ILSTS013, BMS1747, BM2113, BL1009, and ETH3) were selected based on their high
heterozygosity values. Identity probability using these markers is one hundred times higher than when using
StockMakers™ of Applied Biosystems. This indicates the selected microsatellite markers are appropriate
and effective for use in the Hanwoo traceability system. Additionally, estimates of D, genetic distance and
pairwise-Fsr can be utilized to identify genetic relationships between adjacent farms.

(Key words : Hanwoo, Trscability, Microsatellite, Heterozygosity)
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E°] DNA t&Adl 7]
A A Eo] JEENS
of FE H AR FA o]
o] FoyA|aL At} (Peelman 5, 1998).
Microsatellite(MS)= 1-5 bpe] €A 7ML
o] Y= EAE zZtom, ¥R A A
Aol tEF 50,000~100,000 FSjollA LiERE
o ES o5 duidoez =2 YIdS o
ER™, polymerase chain reaction(PCR) 7|9
o] &3t ol TEE Fdte]l g€A olE9 Ul
HraaEs B4 ¢ ok dA AollA oF
Z He] MS #917F BelA glem, ol5e] &
4 F ANAEe f1AIgeto] o] Foj gitt
ol T &, MARE vEAde] =2 MS
marker5S AW¥sle] 3RS A% o
24 AFgE I Qltk(Barendse 5, 1994; Kappes
T, 1997). o] Aol A el 7] primergs &

£

ol

gato] FE3H= multiplex PCR 7] 0] AFE-5]
Il glom, o5 Fake a&X e %
AIA = A4 Fo] WAL 9tk oljg &
Mg Balo] A TR EHF, oF, A%
T WEeR olFoAe FHufrHEerlA
T2 tFdel 71z Juzk JAvu f3d
A AR BAMe 9le F23% DNA

marker24 1A It Achmann 5, 2004;
Ayub 5, 2003; Borrell 5, 2004; Fang 5, 2005;
Jakse 5, 2004; Metta ‘5, 2004).

A AAA SR FAA BEI Avso] A
Ptz FoAdo] FZETHA European cattle,
Spanish native cattle, Belgian cattle, French cattle

= 7} AAS gusts A 2EES5S oy

om Ms BHE B3] 7 B FU4 5§
4g seteln B BEste] Apastel el

71&o]al AtH(Maudet 5, 2002; MacHugh %,
1998; Martin-Burriel 5, 1999; Peelman &, 1998;
Schnabel 5, 2000). 22t} MS #4S 53 &

o fAH B mFte] A FA4
o Aes Aol A1g7hs

O

AT ANEE 4499 54
e 2070 MS 915 wEAste] 7 2]l
g R vwet RES V|22 &
Lo Malol#E Ao AL 7153 MS setS A

shan, Qe ARk 404 dEg AR
()] S

ML of
2
i
z

9o o A=l AHd(Sa), 317d(Go)
A, G 47 A kgl 7)
7t 405, 435, 33%F, 47F F 163579 WS-

Hols AFst] B AR gkg-9
Ao A  genomic DNAL] 2= Genomic

DNA % 7]E(Promega, USA)E ©]-&3}%t).
2. MS marker2| Mgt

2 dyo] AFEE MS marker= Applied
BiosystemsA12] Stockmarker™, International Society
for Animal Genetics(http://www.isag.org.uk/02 PV
panels LPCGH.doc)2} Roslin - 1-72>(http://www.
projects.roslin.ac.uk/cdiv/markers.html)ol| A A <F3k
20 tgA E48 MS makerES 7|2E &)
of A3k

3. Multiplex PCR % MS &4

Multiplex PCR< template DNA 0.03 g, set
primer 22t 0.7, 0.4, 0.8, 0.1 pumol, Tag DNA
polymerase 0.5 unit (TaKaRa, Japan), 10 X buffer
1 @, 025 mM dNTPO] Al S/FFE 7t
o] HF F9E 10 w2 W-$slon, PCR
Z72 94TCollA 1511t denaturations Ak
T 94°CA] 502, 55CellA 70%, 72TCollA 60
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Z2E 1 cycle® 3}o] 323] wkEsIITE o
72T 1A1ZE, 25T A 2A]7F extension
4T~ FE3I3TE PCR AHxS ABI-310
FA7IME 27X (Applied Biosystems, USA)
g olgsle] AME PHHES A79%s
3, GeneScan version 2.1(Applied Biosystems,
USAYS olgdtel ZvIsh EAAe FRu=
E573F 3 Microsoft Excel(Microsoft, USA)<S ©]
$3e] ARE AT

3 b

4. Xz2o| SHZMAHA HF

MS marker59] #EFHAA}F W3, Nei(1972)°]

< o83 D, FAA AT matrix©]
F4a B4 T2aug dede 9o ue
2 Microsatellite  Analyzer(MSA) version 3.15
(Dieringer®} Schitterer, 2002)% ©]-&3}3 ). &
A Dy A4 AYAS matrix  neighbor-
joining(NJ) ¥ (Saitou®} Nei, 1987)° <2]3t 7
AR treeE FAS=U ARESOH,
NJ tree®] Al tht g F4H A= 10002]
HEEE boostrap resampling S ©]-8-3}3
HEAHOZ NI tree®] 753 =43k= PHYLIP
version 3.63 package(Felsenstein, 2004)E ©]-8-3}
Atk Weirel Hill2002) F4 ¥ 2|3+ 57
H(Fy, Fi, Fx 2 537 pairwise-Fi)> FSTAT
version 2.9.3(Goudet, 2001)¥} GENEPOP version
3.4(Raymond®} Rousset, 19955 A}&3lo] AAt
stolth FeA® F4A A digh o4 1A
< Goudet(2001)0] A¢tgt ¥l 2J5le] permu-
tation tests AAlste] Ao, ALkel =k
(P) type I errors =°]7] $13l>] Bonferroni
IS 8okl AT Marker®] U4
A1 heterzygosity(He)2}  polymorphic  infor-
mation content(PIC) “12]3L exclusion probability
(PE)+ Cervus version 2.0(Marshall 5, 1998)S-
ol-gsaitt. gk FAHE F.ot Fiy #toll <71
sto] FARe] e et whEul el whel A
o] TU/MA EA7FsEES API-CALC version
1.0 (Ayres®} Overall, 2004)S A}&38te] Alxkst
At

m. Z1f & &

2 AT g AdbelHEAl AlEA] HH
DNA AAtell &8 7}sgk  microsatellite -2 2
Aks st Akt

Applied BiosystemsA}, ISAG 2 Roslin 14
oA &9 A EAC AR =S A%E
MS marker & 20 &S Table 164 RE nie}
ol Adrslgit). PCRS $1%F MS  primer
NCBI®]  Mapviewer (http://www.ncbi.nlm.nih.gov/
mapview/mapviewer)o HIEo] Sl HHE
o] g-3k3laL, PCR 31 ® PCR 2H&2 7] &
& el 7Fed A2 ol set® EHE] S
3to] multiplex PCR 2718 AL FHFH4
O Table 19 Y nkel o] 47)9] set=
et AAE setw 4MA setoll= ETHISS
qho] EZ3ghE|o] Qli=H| o]+ Table 1°] annealing
temperature©l] UERT BRe} o] thE MSel| H]
sto] 227 7HE ol e set?t EFHT 44
33k PCR F8¢] og7] ujitolth 25 o]
MS7} ghe- Aol Ao ALH7] 9=
touch down PCR ' & o] &sfo] Hr} A
U3k multiplex PCR Z7S AAs)oF & Aol
=3

2071 MSell st Adxs B 742 Fig. |
o Z=Aslsltl. &, multiplex PCRO|  2]3%H
PCR 4HE2 ABI310 A5971A44
(Applied Biosystems, USA)E ©]-§3}o] =7
PG FAAPEHE 38 Microsoft Excel 22
23 (Microsoft, USA)S ©]&3le] o ARE
FAgatadth HFE AE= Excel file®] FERE
MSA version 3.15 = 71Z(Dieringer?} Schit-
terer, 2002)= ©|-83}] allele frequency, D4
AR AZGAF, allele®] X 5 7| 2wA A}
st o] WEks AAsgith WstE Asahd
S gEAAFHe PIOE FAT] Y3
CERVUS version 2.0 X213 (Marshall <,
1998)3} F-EAIS  FAs7] $18F FSTAT
version 2.9.3(Goudet, 2001)¥} GENEPOP version
3.4 X273 (Raymond®} Rousset, 1995)°] A&
Hom, D, A% AA42} boostrap A&
= 57 phylogenetic tree®t 27 FEXZ

#4144
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Table 1. Groups of microsatellite markers amplified in multiplex PCRs

Multiplex Fluorescent Annealing

group 1o, Locus Chromosome label /m primers temp C Source
1 TGLA227 18 FAM 0.2 56C Cattle
BM4305 14 FAM 0.2 58C Cattle

SPS115 15 FAM 0.1 58T Cattle

TGLA122 21 JOE 0.2 58T Cattle

ETH3 19 TAMRA 0.2 60C Cattle

ETHIO 5 TAMRA 0.1 58C Cattle

BM1818 23 TAMRA 04 56C Cattle

2 TGLAI26 20 JOE 0.2 58T Cattle
TGLAS53 16 JOE 0.1 60C Cattle

INRA23 3 JOE 0.2 61T Cattle

ETH225 9 TAMRA 0.1 60C Cattle

3 BMS2113 2 FAM 04 58C Cattle
BL1009 14 FAM 0.2 58C Cattle

ILSTS006 7 FAM 0.2 54C Cattle

ILSTS103 21 FAM 0.2 58T Cattle

BMS1747 14 JOE 0.2 58T Cattle

ILSTS013 9 JOE 0.2 58T Cattle

ILSTS028 11 TAMRA 0.2 58C Cattle

BM1824 1 TAMRA 0.1 58T Cattle

4 ETHISS 17 JOE 0.2 66C Cattle

Each multiplex group is run in a separate gel lane. Primer sequences and chromosome locations were from the
Bovine mapviewer of NCBI (http://www.ncbi.nlm.nih.gov/mapview/mapviewer).

Fig. 1. The strategy for data analysis and selection of MS markers for Hanwoo traceability.
For the detailed information, see results and discussion in the text.
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AArel7] $18Fe] PHYLIP version 3.2 X213
(Felsenstein, 2004)°l] o] &=t} HFH o2 F
ZA%S API-CALC version 1.0 Z 213 (Ayres
o} Overall, 2004)S ©]-&3gt SAMNA ZASE
S Axket=d ARSI

MSA version 3.159} CERVUS version 2.0 X
23S o]&ste] 43 MSHE allele®] ¥

Table 2. Characterization of 20 microsatellite

S} He ¥ PIC 5% 2] Table 20 YeERNQITE
o] T 7FF B2 allele®] /NG ILSTS006°1 A
veRd 227000, 7M=& He®t PIC #h<
ZH= MSi= TGLAS53(0.914)2F BL1009(0.876)%3

olg)dt AT = alleled] /N57F Brjgts &30
7 AAE 7 ASE UEhiE Ao, Hest
PIC #2 #H4Y MS7F thE A2 allele2] 7

markers in the Hanwoo population used in this

study

Locus N No. of alleles Size range(bp) He PIC
TGLA227 163 12 82~112 0.865 0.832
SPS115 163 9 248 ~270 0.687 0.825
ETH3 163 7 121 ~133 0.724 0.738
BMI1818 163 13 166 ~ 278 0.589 0.621
BM4305 163 13 147 ~ 171 0.810 0.795
TGLA122 163 20 136 ~ 186 0.822 0.848
ETHIO 163 12 214 ~230 0.693 0.857
BM2113 163 15 128 ~ 159 0.755 0.852
ILSTS028 163 6 136 ~ 164 0.429 0.346
BM1824 162 8 178 ~ 198 0.722 0.626
ETHI85 163 9 228 ~244 0.834 0.756
ILSTS006 160 22 198 ~310 0.625 0.857
BL1009 163 21 159 ~ 185 0.724 0.876
ILSTS103 161 15 131 ~301 0.615 0.830
ILSTS013 159 10 123 ~ 143 0.736 0.814
TGLA126 163 6 122 ~132 0.693 0.613
ETH225 162 8 141 ~ 163 0.642 0.724
TGLAS3 163 16 156 ~ 189 0.914 0.866
INRA23 163 14 126 ~222 0.785 0.756
BMS1747 162 7 91 ~105 0.759 0.699
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ol WiEe] o] F4 ARA Ajolo] ol A
o7 AtgHrh
FSTAT version 2.9.3%} GENEPOP version 3.4
ZeadE o8] F4H MSHﬂ Fsr, Fir, Fis
#t2 Table 30 YERHSI. F74%¥ FsA ol
ek ol AL AFTHEH) “FAEE F-
SAAEC] 09 FHOBHE FoH o7}
EAEHA Ga=threll tiske] 4235k tH(Goudet,
2001). 94714 Fi= olFAFA] TAAHEE
Uil HezA 231% s didshs A
Foln, ol e ZR=TE =TS, +ol #
= EABHA Bee yERdY B3 Py A
A2 genetic driftoll  2]$+  subpopulation®]
olFHFTA A FolE UEl= AgelH,
Fr= Al gk iAEe) Bes 231%
He vehlis Asz olgs st FJuxt
FAelet e JAES] 23 2}
st o8& 4= vk MSH EERE A
LI EE U= Fy F4EA=
—0.00189] HlaL#] w2 FES Uehflen,
F4€ MSE Fr #k& adal = W BMISIS,
BM4305%F BMI18245 A|2|3k B MSollA 47}
of i 4 FA4 st °«V’°i
AgE & A}k DA MSel dhd Fis
QA= fFod 2AE RolX] UUAR, MS
ANE Fis FAXNME SPSIIS, BMISIS,
ILST006, BL1009%} ETH225°014 frelde= o]
FA 87} sk Ao w ekt
249 FEAZS olgstel Ta9) wuy
dh ke e skl Ms £
Aol FUg JMA E3HEE (probability of
identity; PI®} probability of identity from half
sibs;  Pluagsin) ™ A4 EHE (probability  of
parent exclusion when both parents are uncon-
firmed ; PE,, 2} probability of paternity exclusion;
PE)y& API-CALC version 1.07} Cervus version
20= o]&ste] FA4s30 e, 1 A= Table
4ol JEPRRAEE AA 20709 MSE AMEE 7
S 529wl wel A Pl 3.08x 10 =,
Plapsin= 144 x10 %02 FAEAL} o3l
iﬂf@l oul= Sle] 55 Hde A2
T HFETRE Al F34 714

1

Table 3. Results of F-statistics per locus in
the Hanwoo population used in

this study
Locus F-statistics
Fsr Fir Fis
TGLA227  0.0094*  —0.0118 —0.0215
SPSI15  0.0588**  0.2010*%*  0.1511%**
ETH3 0.0426**  0.0773* 0.0362
BMi1818 —0.0018 0.1232%*  (.1248**
BM4305  0.0167 0.0152 —0.0015
TGLAI22  0.0227**  0.0547* 0.0327
ETHI0  0.1933*%  (.2448* 0.0638
BM2113  0.1896**  0.1727 —0.0209
ILSTS028  0.0197**  —0.0900 —=0.1119
BMi1824  0.0023 —0.0559 —0.0583
ETHIS8S  0.0106%* —0.0580 —0.0694
ILSTS006  0.1957**  0.3192*%*  (0.1535%*
BLI009  0.1206**  0.2101**  0.1018**
ILSTS103  0.2354**  03192**  0.1097
ILSTS013  0.2418%*  (.1734 —0.0902
TGLA126  0.0060¥  —0.0592 —0.0656
ETH225  0.1041%*%  0.1831**  0.0881%*
TGLA53  0.0115* —0.0351  —0.0472
INRA23  0.0146**  0.0019 —0.0129
BMS1747  0.0225** —0.0190  —0.0424
Global 0.0367**  0.0504**  0.0143
* P {0.05, ** P <0.01
of eg A W) FAerow Agstn 3
W &S99 HA AT 1,666,000 (20040
124 AA, 5 sHAEDE L& By
g FUNAE T FEo] gl Ao
Hol: Fukel Aoz AlgEth w3k 20719
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[e]

% UAFEA 0] 7Fed Ao R AbmETh

2070 MSZ &9 11709] MSE He$} PIC
FgRel A Adteielon, olE59 PIg}
Phapsnss A4S A3} Table 5914 Hi= vle}
72+o] Applied BiosystemsAH2] StockMakers™ .
o o W& gro] FEo -9 Arkel YA
of B} Agtek AR yewth 53] He F
Aol olsle]  Awel 117]19] MS  markers
(TGLA53, TGLA227, ETHIS5,  TGLAI22,
BM4305, INRA23, ILSTS013, BMSI747, BM2113,
BL1009$} ETH3)%=  StockMakers™'¢} H] L &}o]

1008 Aol /A EdgE] E Ao
2 FALAT ey @99 Aol Ao
283 MSv= v Al 7HA 23E a1elele]
HFTA o Atwojol gtk A WA= T
Shar o ARl A hEFEe| L F WA=
genotyping®] &olAd @]z Al HAE geno-
typing 715 argsteiof gt olefdk Al 7f
A 205 S T3] A= MSS] He
T PIC #°] 33 multiplex PCRO| A9
set® F{old ¢ qlojob gtk AAl Applied
BiosystemsA}¢]  StockMakers V= TGLA227,
BM2113, TGLA53, ETHIO, SPSI115 TGLAI26,
TGLAI22, ETH3, ETH225, BMI824, INRA23 %

Table 4. Expected mean heterozygosity(H.), probability of identity(P/) among genotypes of
random individuals, probability of identity among genotypes from random half
sibs(Plharsivs), €xclusionary power of the second parent(PE) and the probability of
parent exclusion estimated using 20 microsatellites in this study when both parents
are unconfirmed(PE.)

Multiplex” H, PI Pliaipsins PE,, PE

Set 1 & 2 0.791 1.55 x 10™ 4.10 x 10™° 0.998510 0.999976

Set 3 & 4 0.725 1.09 x 1077 142 x 107° 0.981904 0.998975
Total 0.761 144 x 10 3.08 x 107 0.999973 1.000000

" For the detailed information, refer to Table 1.

Table 5. Expected probability of identity(P/) among genotypes of random individuals,
probability of identity among genotypes from random half sibs(Plharsibs), €xclusionary
power of the second parent(PE), and the probability of parent exclusion when both
parents are unconfirmed(PEpu)

Selected by PI Plyassivs PE,, PE
H" 1.08 x 107 6.04x10™ 0.998949 0.999985
PIC? 4.58 x 107 9.00x10™ 0.999352 0.999992
ABP 1.78 x 107 1.04x10™ 0.998165 0.999968

YTop 11 microsatellites, TGLA53, TGLA227, ETHIS5, TGLAI22, BM4305, INRA23, ILSTS013, BMSI1747,

BM2113, BM2113, BL1009 and ETH3, selected by He value.
2 Top 11 microsatellites, TGLAS53, TGLAI122, BL1009, TGLA227, SPS115, BM4305, ILSTS103, ETHI85, INRA23,

ETH3 and ETH225, selected by PIC value.
 Eleven microsatellites, TGLA227, BM2113, TGLA53, ETHI0, SPS115, TGLAI26, TGLAI22, ETH3, ETH225,
BM1824, and INRA23, composing StockMakers™ manufactured by Applied Biosystems.
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Table 6. Da genetic distance (above diagonal) and pairwise-Fsr(below diagonal) between

farms in the four regions

Sa Go Ji Gu
Sa 0.05096 0.12501 0.10640
Go 0.00643** 0.10916 0.10658
Ji 0.05291** 0.05426** 0.06954
Gu 0.04119** 0.04989** 0.01528%**
** P < 0.01
Al AP Aol she] aFow, W
3t o] ® rhe shle ago Rely
& AABGFig. 2). o1& Aol vlstel
BgAQl A BreaAT 2e A%
oAl BY wEARS oo FF w4
5 ek 94 Fol WSS b vl
A g & oglew, o Ang 2HAY v
2k AR AR ggste] AU 2Aw
of o3t ALY AskE WAsheE HgE S
gloele} Apmwt,
Fig. 2. A neighbor joining tree of genetic
relationship among farms in the four
regions using Ds genetic distance V. 8 of
estimated from 20 microsatellite loci.
The number on the node is per- 3Lo.0] AAbolHEA o] FLE 7}53F 0o
ce?tage bootstrap value in 1000 repli- microsatellite markers A A3} T AA S Fo
eaens A%, SN FREE, DARE HF o

11702 MS7} 3FHe] multipex set@ o] ATh.
A Aol A AlRbEl He W= PIC 574
2] 491 11 =91l oste AddE MSER
A st == F 19 multiplex set® AR
T UAES F7FATE ST et 9

TR
) A A Dy K9H ARAS

pairwise-Fsr at= _7|:x4 sl Mgk A3 Table
604 K= wpel o] 7 7hA| FAA] Ko
A 7V ke A AR s UEllE E

A2 AT AR Aol sFow A o]
A2 vhE 278 A} vlalste] AejHo R

289 Aotk Nei(1972)¢] model ZH-E] Ak
=¥ Dy T4 AYATE 7]2E PHYLIP
package(version 3.63)8 AFESl] NI treeE %}

A% A3 §04 AdAFAN FAF 2

\d

R4 AZA|4 5= MSA, CERVUS, FSTAT,
GENEPOP, API-CALC % PHYLIP X =713

o

[}
AAHow ggsto] FASATE Heter-
ozygosity FAX|O A Akt 1179
microsatellite(7GLAS3, TGLA227, ETHIS8S5, TGLAI22,
BM4305, INRA23, ILSTS013, BMSI1747, BM2113,
BM2113, BL10099} ETH3)%= Applied Biosystems
AF9] StockMakers''9} B]3le] 100M] e
SUMA EFEEo] o} g9 AYrtol=A)
8ol Hrp 842 AR 45} xok wg
Dy 7% Ae)A ¢} pairwise-Fsr ﬁl% %
gote] ZHAG s FAWAY %
ete ¢ Q= AnE 483
At T

2~
T

fru m

J‘
o

o)l o
M2 AN
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