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SUMMARY
I . Title

Fundamental Studies on the Development of Horse Pedigree system with Genetic

Analysis of Cheju native —Horse

IT. Object and Significance

The evolutionary origin and classification of Cheju—native horse have been attracted to
us for a long time. Cheju—native horse have been well adopted to the rough environment
of Cheju island for a long centuries. Living primarily in the mid-mountain area,
Cheju—native horse are often compared with the Cheju people whose common feature is
small but strong physique being able to overcome the extreme weather. These notable
characteristics of Cheju—native horse have made them to be an enduring symbol of
Cheju-do, Korea. the advent of improved transportation and farming methods led to a
general decline in the Cheju—native horse population. To preserve this important
historical treasure, Government designated as a Natural Monument No. 347 on
February. As a further commitment to their preservation, Cheju racecourse was
constructed to preserve and foster Cheju—native horse through pony racing.

Knowledge of the genetic relationships between Cheju—native horse and other breeds is
valuable for use in breeding program and conservation of genetic resource. In the past,
such knowledge has been difficult to obtain,since it has largely been based upon
observation of phisical appearance and phenotypical characteristics such as body
conformation, coat color, body lengths, etc. Cheju native Horse used to farming and
military use before industrialization. Since than, the number of Cheju native horse was
dramatically decreased because of the improved farming instrument and transportation in
1960. In 1986, Cheju native horse was 1,300 head and almost came to the extermination
of a stock(Table 1).

Table 1. Statistics of Cheju horse (unit : head)

Year ‘60 “70 ‘80 ‘86 ‘90 ‘99 ‘00 ‘01 ‘02

Farm | 4,736 4,064 1,041 413 295 167 216 265 265

heads | 12,077 | 7,606 2,401 1,347 1,835 3478 | 5484 | 6,306 7,282

Recently, researchers have turned to molecular biology and the use of DNA markers
for parentage verification. Quicker and more accurate parent identification can be
obtained from DNA test than from blood antigen testing. Researchers are using PCR to
detect short sequence repeats on the specific locus in genomic DNA, which are referred
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to as micrposatellites. Most of microsatellite markers are evenly distributed and highly
polymorphic, and can be identified within DNA samples using PCR. The alleles of
microsatellites with a good polymorphism and a clear aspect of Mendalian inheritance
can be used to verify parentages of individuals. The implications of DNA testing to
verify parentages will give immense effects to registration system of Cheju horse. The
aim of this study was to compare the genetic characteristics of Jeju Native horse with
other breed of horse, and to constructed a paternity testing system for individual
identification and parentage of JNH. Studies were done to develope of microsatellite
DNA markers for identification of individuals and parentage verification of CheJu horses.
DNA markers which were developed in these studies will be used to genetically identify
individuals more quickly and reliably. Results of this study will be used to promote the
pedigree registration system of Cheju horse which is a cultural animal as a valuable
genetic resource.

\

M. Research Contents and Scop

This study was divided 3 sub—project to development of Horse Pedigree system with

Genetic Analysis of Cheju Native Horse .

1. Idetification of genetic markers in Horse

RAPD was performed to estimate the genetic characteristics between breeds and to

obtain the specific DNA marker for Jeju native horse and other breeds and Two
thousand Random primer was prepared from UBC(University of British Columbia,
Canada) and operon, to identify the breed specific DNA marker and for the genetic
difference between breeds and whithin., Cloning and Sequencing of the amplified
breed specific fragment was processed according to the procedures of the pGEM-T
Easy Vector System(Promega, USA), to development breed specific SCAR,

After determining of the cloned breed-specific fragment sequence, strand-specific
oligonucleotide primers which added to the 3’-terminus of random primer(8 to 14 bp)
were designed based on the sequence information(Bioneer Co. Korea).

2. Development of Microsatellite DNA markers for
Individual Identification and Parentage Verification in Jeju
Native Horse

To develop microsatellite markers for individual identification and parentage verification
system of Jeju horses researches were done to determine the genetic characteristics of
useful microsatellite locus, to confirm the inheritance aspect of alleles on their locus, and
to estimate error rates in parentage verification system using the developed set of

microsatellite loci. Final goal of this researches was to firmly establish the registration
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system of Jeju horses by using parentage verification and identification methods on the

basis of molecular genetics.

3. Development of Pedigree System of Jeju Native Horse

In this study, we investigated the documentary records, the body measurements,
and the regulations of the other livestock’s registration for the general standard of
the external shape, the standard of the growth performance, and the legislation of the
Cheju horse registration, respectively. In the body measurement, the twelve parts of
the Cheju horse were measured which are body height, back height, rump height,
chest girth, chest depth, chest width, back width, hip width, rump length, body

length, head length, and shank circumference.

IV Results and Suggestion on Utilization of Results

1. Idetification of genetic markers in Horse

RAPD was performed to estimate the genetic characteristics between breeds and to
obtain the specific DNA marker for Jeju native horse and other breeds. of the initial
1980 random primers, 1,539 primers produced clear and intense bands following PCR
amplification. Despite the large number of primers screened, most of the primers
generating interpretable amplification profiles showed monomorphic pattern among horse
breeds. Amomg 1539 primers 574 primers were selected to identify the breed specific
DNA marker and for the genetic difference between breeds and whithin. a total of
7,857 bands were generated by 574 primers and the number of amplified produfcts per
each primer ranged from 3 to 14 with an average of 5.1. The size of the amplified
fragments represented from 150bp to 2600bp.

Genetic similarities was calculated with 13 microsatellite Allele frequencies in
comparison of six horse breeds. and were used to estimate expected heterozyosity (He),
genetic distance (Ds). The expected heterozyosity(He) 13 microsatekkite loci for each
breeds were 0.700 for JNH, 0.728 for Tho, 0.797 for Mong, 0.794 for JRH, 0.39 for Jap
and 0.705 for Qua. This matrix was used to generate dendrogram by UPGMA methods.
The genetic similarity coefficient between Jeju native horse and chinese was 0.175,
0.782 for Jeju native horse and thoughbred, 0.666 for thoroughbred and japan horse,
0.413 for chinese and japan horse, 0.782 and was the highest value in comparison of
pair breeds.

Comparing the pooled DNA from Jeju Native Horse and Thoroughbred, we found 25
primers which identified markers present in the pooled DNA from breed but absent in
the other breed. Among 290 random primers, 157 primers were Thoroughbred specific
and 133 primers were Jeju Native Horse specific. Testing individual horse revealed that
5 marker showed the similar band pattern between Jeju Native Horse and
Thoroughbred. However, 22 marker were wholly absent in breed while present in the
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other breed( MGO0244, MG0162, MG0003, MG0065, MG0034, MG0055, MG5086, MG5153.
MGO0085, MG0326, MG6085, MGO0446, MGO177, MG0562, MGO171, MGO0139, MGO162,
MGO0443, MG02043, MG0030, MG0126 MGO081.

We cloned and sequenced for specific RAPD fragment for 24 clones. These results
demonstrates that non repetitial sequence. Therefore, these RAPD bands specifie to
breed have potential possibility for genetic marker for specific breed. PAPD bands
specifie to breed have potential possibility for genetic marker for specific breed. RAPD
bands specific for could be wused to distinguish Jeju Native Horsethe from
Thoroughbred or other crossbred.

we concluded that RAPD screening of DNA pools of six populaton was an effective
approach for identifying markers which distinguish each horse breeds. This approach
could be converted to the system based on sequence characterized amplified region
(SCAR) and would avoid the technical difficulties inherent in RAPD testing. The power
of the test would depend upon the number of markers used and of the relative
frequency of the markers within each populations being compared. Increasing the
number of markers would make the system even more powerful and this would be
particularly important for idetification of JNH.

2. Development of Microsatellite DNA markers for
Individual Identification and Parentage Verification in
CheJu Native Horse

After the candidate microsatellite markers were analysed and evaluated about the
Mendelian inheritance and polymorphisms, a total of ten microsatellite markers(ASB25,
HMS5, HTG7, UCDEQ411, UM010, UMO012, VHL20, VHL209, VIAS-H39 and VIAS-H64)
were selected and determined in this research. Total number of alleles over 10
microsatelliet loci was 68(mean number of alleles per locus was 6.8).

To test the usefulness about the set of selected microsatellite loci in individual
identification system, microsatellite genotyes of 100 horses which were gathered from
candidate horses for registration were compared each other individual genotype. Any
pairs of individuals did not have the same genotypes, indicating that the set of selected
microsatellite loci has a good power of individual identification.

A total of 40 foals and 44 individuals for candidate parents were typed for their
genotypes in each microsatellite locus and demonstrated to test the usefulness of this
set of microsatelliet markers in parentage verification. Given two parents and one

offspring the probabilities of exclusion were 1.00000 in the horse group of farms and
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0.99996 in the group of Jeju Institute. Using the allele system of microsatellite loci
which are developed in these studies allows individuals to be a quick and clear
inclusion, as well as exclusion in parentage testing. An individual can be identified
positively as the parent rather than merely being eliminated as a positively without
critical errors.

The developed system of parent verification will be used to genetically identify
individuals and verify parentage of Cheju horses under the registration system of Jeju
Institute.

3. Development of Pedigree System of Jeju Native Horse

The general standard of the external shape was established by the documentary

records. It was able to use for the Cheju horse registration.
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- 2ABATE e NAE 0
- 7AW FARE Aol gl = Ao
(B) A ol FHAAE AA
- AlFuk o] AA = g microsatellite #9154 2]

- AR A b F4
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3. AFrte EFSE AA &4

H
- 7 A g A HE As £ R ZAGIAE EAFVR, AR

(@ AA 2 AAE HFOoE F ) 5% £4 U AALAES database TF
- AF AY2A A W AR 52 AAGY

(3) AA 2 AHE vgom Axe 55 A4 7E 89
- AA 2AATE ol G AT BT AP L BAD A4

4) AFrk s5AA Y
- 289 A AR, QAR Sl i@ S5l g AA |

B) AFvl SEA AN AAFE I} A AE {12 9 O]%
- Microsatellite®9] S 3t /fAE FAHE
- AlFuk o] mAAAe] JAE AGEnE EF %ﬂr\ﬂ A A ol 1,:_%}

A2 =l VeAd 4%

1. DNA 8842 o83 EA%F 71&78 a7

DNA tH @42 ol §8 EFol} A4 2 Adelng gushs e 134
QU Wik oy B W FAAAE 7% (Hopkins 5, 19915 0] A4 o]
Sl el de Fohys e FEUY tgel AAEe] e FE
UE FI BE ANEAAE G goloh e, Jad 2704 2 )
2548 A e v olel e gapoluh

A g B UG S geleloh S, oE ol

SECE RIS IRE
HYBAE F EEHYA 4 duel dyg@Ael N de gges 149 u EE R
WA AP S AR e old@ Welel B & it DNA EAARY FHE
X
h

o Holdl 98 YEYE VNTR(variable number of tandem repeat)® B 2
minisatellite®} microsatellite F¢ ol 23t X AAE0] X HT(Jeffreys 5, 1985; Litt 5,
1989). 18y o5 HEAJAES A % AolE wig- AA vERE Aol U=
Wb wkRE el o WSyl ko m xgd 4 Y] wwe FF A4 AAEA A vEyd
= T8 9 "’Xqifjrﬂ lgdga fFraAE o] gyEA &=

15 1.
84 PCR 7|H S wigo =
I

o2 Hol= M= ;LO} RS W ooty FHEE P9 5AE Foste FE19
ztolE Hole FHAe] FxE Agste Hdx f&3A AHEE Ao (Williamss,
1993). Baily®t Lear(1994)= RAPD7IW & &dsto] otdds & T3 73 & F =
MEE ATAozr AFstdh w3k F8% FF50] ZARMAE 971449 2SS -S4
database’d¢] 7144 % H]jﬂz‘,‘]-O:] 99 TeAS G F A, HAAA FF 5ol
BARAAE 47198 PCREH Aol doiA AdAo]l =2 primer®: /L 4 rh
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A2 7E o] 1o} A= microsatellite®} minisatellites FAlo] Alg3 4= dov} =A%l
FAAAE ZFAA FEH 0 R o] 8EH L 9= microsatelliteE o]&3tH £4 4 =2 primer
£ SR F s ¥ oY, vdd FHAAFES #F T JdornE JfA Y 5% f4
A EAS ARE 7 deon=z JiA AHS B3 e ES At ZAAAELE FE&SHA
AREEE = Stk Microsatellites 2o FHAAAE A4S A& MR e™ AT 2
A4 Zolg Yepu= A A ES flE)] o] &¥a th(Ellegren &, 1992;

Marklund %, 1994; Binns %, 1995).

a8 xﬂ—ru}OH et 314 A5+ Hayashida 5(1968) o3l <& Awiet v s
Aal AEEH A7 RaEglon, Xﬂzr‘:’]' BF7F AR ol AFdEtn 2 F(1992,
1995)0ll ojs Hos el {4 o] &g AF7F Huwzl skl ot o] &y e &
Al olaf Al F=m} —5‘017—‘1% 4 —5‘”‘3% Akl Aastaith. e "1%EH€L7
o & (199N x<¢F dH(1994), 1E]la 3 5(1997) & =dl AR FFQ T A &
A, AU Soll dal FAA A FE3} RAPDZIH S A&3t] AgF Soldel A A=
Ms Bastdoh 2 AFeked tigk DNAGTT A+ dFs Aol

2

O:

A3 dFANEsY HE ' A3

&

1). }%%94 3‘%1

Hxslel7] galiA Fuiald] A FAIG RN 5T

HBYF(100F), AlF FAR Sl BHF3 HAdrldE 3475

(675)9F 2000 *M-ﬂ x}%ﬁé E3E 1325 9F garuials] Al F A wbgel A A A
3ti sto] EAo) o] 8313

Hol FFol AuH T

2). Random primer:e &1

A}-€-¥ Random primers= UBC (university of Brigishc columbia, Canada)oll A =) =]
EG+C =] 50~90%¢21 10bpe] random primer 730 ¢} operon primer 12005 A}
£33tk & 198070 Random primerE A}-&-3}4

3). RAPD (Random Amplified Polymorphic DNA) £

PCR 32 Willlams 5(1990)¢] 3 HS W74 338312™ Random primer
160070 ®isted 7+ FF9 304 DNAE e doz 42 o, 717 499
primere] Wl th&3 2& 7 2% PCR machine (PTC 200,100)< o] &3l 3] 3}
Aot FF 5olAde Hol= Primerd Wit JfAER e 2 oR S
F25ue] WkS-Ho] Genomic DNA(BOng/ul), 10xreaction buffer(50mM KCl, 10M

_16_
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Tris—cl, 1.5mM MgCly),dNTP mixture(2000 M) lunit®] Tag DNA polymeraces 3
7bste]l sl PCRE2 94, C, 40, C 18]3L 72, CAlAl Z+Z} 30%, 18, 2%
A 5082 ZRadste] A sdon PCRY T AHE> 1.2% agarogedl| A 77]

dEatel Felsteln,

4). ¥%E0°] RAPD W= 224 € d7|4N¥E 2F

Ztzke] FEol dste]l FF 5ol4d& HolE RAPD M=% TA Cloning Kitg o] &
3}ed Ligation A7l S E, Coli (DH5a, JM109)el| transformation A7 24 3%
t}.Cloningdt RAPD markeri= perkin Elmer dye terminator Sequencing kit (PE
Applied Bio systems)S ©]&3o] forward/revers® W3 o 2 PCR machine
(PTC200)0ll Al w-&-A171 th2 perkin Elmer automatic sequence (ABI 377)& o]-&3}
o A7IAES AA A

2. 2% 9 n#
7}. vH(Horse) o] RAPD thd Al 2X

vh(Horse) #&3F Fd4 Ho gL =
SA4E AEstste] AFuke] wpEFoRE A9 Al
(Jeju Native Horse) A o2 HE 2 A A
ATt BEFHY wgstiA Wesrdss BES|9ste] . RAPD

Microsatellite A #4535

g L o
4 o

o
oflt OFU
Moo 1o

ox, o ofN r—\\l-l

A
N

R L
ol Mot WEE Fold & UL W opU, FELE w90 542 st

Aol wmoly fAAe FxE Aar dHoE f8aA A" F AT(Williamss,

MEs Aydoz st =3 FaH FF50] FAUAE d7AME 2HS 53
database’d 9] A71A L vluwste 9o FoAS FET F da, AL FFT 5o
EARNAE A7198 PCREFH Aol dolA Addol %2 primer®: 7WLe 4 St

2 AFoA = WA RAPD tdA 4S5 flste] FFd /A AdAAV fle 5 4

ZZ%49 genomic DNAZ Tho(H & B ) 255, JNH(AF1) 25%= 2
Pooling&le] UBC78070 primer (University of British Columbia, Canada)
WS primer & 198070¢] random primer Z}Ztoll thsle] PCRE 383t
primer=ol A 153970 ¢] primerol A FZo] FolEglon ZHZg RAPDWME=ELS u$ 8]
stal FEZF A AolE AR F RS FEAHIE 9 FoEAl JERATH( Fig.
1, Fig. 2, Fig. 3,Fig. 4, Fig. 5, Fig. 6, Fig. 7))

AW UBC 780°] primers ol Al 558 primer’} 5& %L, 222 primer= AP 2A3 =
Zo] XA &gkt HbH operon primer 120071% SZ ¥ primerdt 981719 primerol A &
Zo] B Ho] UBC primerk.thE wtE =0 X = opron primerEe] SZo| 2z H&= Zo=
et on, S&d 1539709 primers o= ©&@ o] gl 5 #31F 2ol7F gl @Y dimer

-

©
¢} Operon, 1200
A3 F 19809
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BE ol wabAd 1539719 primerEolA 144 o2 574709 primerE v}
EA W ZFEo] RAPD DNA marker /&S 98] A% oy (Fig. S,
Fig. 9, Fig. 10 ) < F34E NA gUE A F309 FEE AolE
YEIY & primereS A48t 4EF9 vl £3F 5] DNA markerE $13] &34 o] &

g o)

U]'%%‘Zl FHAHEA L F£E0] RAPD DNA marker /022 93 574702 primerell £

2 7,857719] RAPD W=7} &9l H Q=0 o]i= primer 1719
2 AA3AF =T primerd H i 5.17E RAPD primer
= AHEA A olut FF5°] DNA markers 7|'2at=
2 FgorEdon ggAlo] = thEAS  primerE AWsle] Table 1,
Table2e] YEeEIHAY. SZH WM=FHEe)7} vt clear 3tx2 FZH RAPDYHO A7|+=
150bpell Al # ) 2700bpE YHEF AT

primerE©°| o
2
2

3L (e}
=& 1A

D{

fo’s
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Fig. 1. Polymorphic RAPD profiles obtained with (A) MG146 (B) MG162 (C:
Cheju Native Horse, T: Throughbreed, M: Lamda / EcoRI+Hind 1I.
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Fig. 2. Polymorphic RAPD profiles obtained with 6303-11, 6303-12, 6303-13,
6303-21, 6303-22, 6303-23, 6303-24 (C: Cheju Native Horse, T: Throughbreed, M:
Lamda / EcoRI+Hind 1.
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(A) (B)

©) (D)

Fig. 3. Polymorphic RAPD profiles obtained with (A)MG301, MG322, MG324,
MG329, MG330, MG336 (B). MG337, MG345, MG348, MG402, MG408, MG416 (C)
MG419, MG332, MG334, MG339, MG343, MG 445, (D) MG451, MG455, MG461,
MG464, MG471, MG478 (C: Cheju Native Horse, T: Throughbreed, M: Lamda
/ EcoRI+Hind TI.
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(A) (B)

Fig. 4. Polymorphic RAPD profiles obtained with (A) MG259, MG263, MG265,
MG267, MG271, MG282 (B) MG283, MG286, MG316, MG318, MG322, MG342 (C:
Cheju Native Horse, T: Throughbreed, M: Lamda / EcoRI+Hind 1.
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Fig. 5. Polymorphic RAPD profiles obtained with MG445, MG436, MG437, MG438,
MG439, MG44, MG336 (C: Cheju Native Horse, T: Throughbreed, M: Lamda /
EcoRI+Hind 1.
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Fig. 6. Polymorphic RAPD profiles obtained with MG429, MG430, MG331, MG432,
MG433, MG434 (C: Cheju Native Horse, T: Throughbreed, M: Lamda /
EcoRI+Hind 1.
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Fig. 7. Polymorphic RAPD profiles obtained with MG30, MG31, MG32, MG33
(C: Cheju Native Horse, T: Throughbreed, M: Lamda / EcoRI+Hind 1I.
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Table 1 Number of RAPD bands per primer in different breeds

breeds )
) Cheju-horse Thorough
prprimer
MGO0003 3 ~ 4(3.5) 2 ~ 3(25b)
MG0030 6 ~ 7(6.5) 4 ~ 5 (4.5)
MG0065 5 ~ 6(5.5) 4 ~ 5 (4.5)
MGO079 4 ~ 5(4.5) 3 ~ 4 (3.5)
MGO081 3.0 (3) 2.0 (2)
MGO083 5 ~ 6(b.5) 3 ~ 4 (3.5)
MGO0055 4.0 (4) 3.0 (3)
MGO0101 2.0 (2) 2 ~ 4 (3.0
MGO116 0 ~ 7 (6.5) 4 ~ 5 (4.5)
MGO126 5.0 (5) 4.0 (4)
MGO0146 3.0 (3) 2.0 (2)
MGO0152 4 ~ 5 (4.5) 3 ~ 4 (3.5)
MGO0162 3 ~ 4 (35) 5~ 6 (6.5
MGO176 6 ~ 7 (6.5 3 ~ 4 (3.5
MGO0189 3 ~ 4 (3.5) 2 ~ 3(25)
MGO0209 5 ~ 6 (5.5) 3 ~ 5(4.0)
MGO0211 4 ~ 5 (4.5) 3 ~ 5 (4.0
MGO0228 6.0 (60) 4 ~ 5 (4.5)
MG0230 4.0 (4) 3 ~ 6 (4.5)
MGO0232 3 ~ 4 (35) 4 ~ 5 (4.5)
MG0244 3 ~ 5 (4.0) 2.0 (2)
MGO0273 3.0 (3 3 ~ 5(4.0)
MGO0308 2 ~ 3 (2.5) 3 ~ 5 (4.0
MG0419 3 ~ 6 (4.5) 3.0 (3)
MG0434 4.0 (4) 4 ~ 5 (4.5)
MGO0593 6 ~ 8 (7.5) 4 ~ 5 (4.5)
MG0634 5 ~ 6 (56.5) 4 ~ 5 (4.5)
MG0648 7 ~ 8 (71.5) 4 ~ 5 (4.5)
- 26 -

IP:14.49.138.138, 2017-11-02 17:51:30



Table 2 Number of RAPD bands per primer in different breeds

o breeds Cheju-horse Thoroughbred
priprimer
MG5H177 5~8 (6.5) 3~5 (4.0)
MG5171 2~4 (3.0) 3~4 (3.5)
MG5086 4~6 (5.0) 3.0 (3)
MG5153 3~4 (3.5 4~5 (4.5)
MG5043 3~7 (5.0) 3~6 (4.5)
MG5154 4~6 (5.0) 4~5 (4.5)
MG5101 7~10 (8.5) 6~9 (7.5)
MG5155 2~6 (4.0) 4~5 (4.5)
MG5139 7~9 (8.0) 6~8 (7.0)
MG5190 4~5 (4.5) 3.0 (3.0)
MG5191 4.0 (4) 5.0 (5)
MG3005 6~7 (6.5) 4~5 (4.5)
MG3018 6~8 (7.0) 7~8 (7.5)
MG3087 6~7 (6.5) 5~6 (5.5)
MG3082 4~0 (4) 3~0 (3)
MG3115 3~0 (3) 3~4 (3.5)
MG3122 4~0 (4) 4~5 (4.5)
MG3124 4~5 (4.5) 4.0 (4)
MG3118 2.0 (2) 1.0 (1)
MG3141 6~8 (7.0) 5~8 (6.5)
MG3195 2.0 (2) 1.0 (1)
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2) Pooling® DNAFE A A¢ nf FF50]¢ RAPD W= &4

2 AT A= WA RAPD v A4S st 53U MAL dAdBAY fle 5 4
wol 26FHSEe gor 44 E36ke] F 1980709 random Drime zkzyol o st
PCRZ +33 Z3} 1539712 primerolAd F%o] el on ZFZy RAPDWE=EL )
T FEletl I FAA AolE: 2AME F ARF FRAAHEIE W I HERA
o SZE 1539709 primersols tWde] fglv 5 FTL Aol gl @Y primerdt
dimer primers < EE AL A7 574709 primerzol A EF7F 523 2o]lE e

= primer AFZ( Fig. 8, Fig. 9, Fig. 10 )X ¥ Pooling® DNAG= oA wl FFE9]
o] RAPD wl=9] 22X o] AFg3 2232 primer screeingS A A3 A3} Pooling® DNA
=z oﬂ 2] INH(AHFv}) Eo] primeri 15770, Tho(tl &l 2.8l) o] RAPD primer: 29074

Z M7N7F FF Eo] RAPD primer®Z ZAME o] 7jAd oS 53 3% Eo] RAPD
DNA marker7| o] o] &3} 31t}

3) W EZFo|9 RAPD M=o £4)

Genomic DNAZE Ploolingste] &5 ® 447709 #F7 ZolE YEMHE primers iAo
2 NATE #5957, 107, 157 2 5078 dA4 o= fA+E g 2 WrEAHoR P
CRE 33 A3 293 (Fig. 11, Fig. 12, Figl3, Fig.14, Fig.l5 Fig.16 Fig.17 Fig.18
Fig.19, Fig20 | Fig2l, Fig22 ) 2o] gakast Anse aAgrh 580 7|d fu Ave=
ol AatEo] wol Yetldeh. primerell webA JRAFE goistel PCRE +33 W=

59 %43 Genomic DNAE Ploolingste] PCRE 33 MEIHELS L3 Jua &
EFU A A wF.( Fig. 11), primere] we} =& EF29] /A|odutet vize EAW L7t thekshA

el tH(Fig.16  Fig.17 Fig.18 Fig.19, Fig 20 , Fig.21, Fig.22)  Fig <& Genomic DN
A% Ploolingsle] PCRE 33 23 EF Fslst ZolE YepWAT A S Al &=
FE Aol E YERR g ol prlmer7} b= 2 pooling3t genomic DNAC] &=
Fragment®]o] tt& A Eo] @ QTL 43I 3A locus¥€s5= o] RAPDE A4
A A #}h, Fig. 12, Figl3, Fig 14,(A, B, C D)2 Genomic DNAZ Plooling 3t <=9l
AMe= FED AolE YWY primerse] MAE st PCRE 33 A3 sdstA A
A A Soliie &3 NIE 2 M Heo] sUstA T
Figld (A) (B) (C)& Throughbred® £o] RAPD MarkerE YEh i 9&=d), vle Bz
W A Wolb AA yYErsow, dA AR E o tjgBEd £ 5o RAPD primer7}
ol 3}, Figld(C)E= AlFulol = breed specific fragment’t WEF R &3
no band &2 Jeju horse 5°] primerg°] YElY2 9 th Jejua horse Genom
o} A B A9 primer sequence’} ST A HAEFZH <l AdtS F3F A AZQ S| o]
A Aom FALE AT

MASGHE 3+ FFE0] RAPD DNA marker 7o XA2¥ primersS £ 22707}
AARENSH o] primerg FEF A/A A EdAA] WfEFF oA = ﬁfﬂ =49 3A
%& primergZ( MG0244, MGO0162, MGO0003, MGO0065, MG0034, MG0055, MG5086,
MGbH153. MGO085, MG0326, MG6085, MG0446, MGO177, MG0562, MGO0171, MGO139,
MGO0162, MG0443, MG02043, MG0030, MG0126 MGO081) -} EFU At
Fig 15 JNHZ 5°¢] RAPD =& YEUlz A+t ol& Thod EEMA A =MG0562

o

HUrE

u
1Al

ol =

ikﬂnﬁ“
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= ) INHel A = MG56211000] 1878415 50%¢1 870 A
=43 r e H A Eo] Jeju Horse 7} otytteta @4 sl7]= o9
th o] ¥ 79 primer%ol FFEE AAska Qlo], e eFAdo] EANA TlEAde] &
AdA = FH g e s Bart vk b2 RAPDO 442 Fig. 16, Fig,
17 A5 primer MG024412000 ¢Jste] #F9 155 PCRE 383 A=A Thod 9
E o] RAPD fragmentES Ue| =4 o]= ThoEF EE/]A o] A+=ThoE E9| fragment?!
MG0244-1200 W=7} Z&38k= WA JNH oA+ Thod 5ol fragment$l MG0244-12007F
AMA A ZdebA] &L Q)
ol B WMert kA oA AFvrE 5] RAPD DNA markerg} afoF dh=4]=
= o dA97F xdHojop & Aow Alg¥n. Figl3e = & RAPD Wlz=eo] AgQle
dl o= JNH horsed EENANAEINHE 5o] fragment] MG0162-13007FERd HHH,
Tho%F Eo] fragment?l MGI162-11007F AW AA &t Ao 3 primerol A EA]d
FEZL 5ol fragment’} HERUYE A9EA wlg F E 2 A SA ATl W9
438 primer2 #9@H o] FF50] primer 2 AW3te] cloming ¥ 971G Ao o] &
Eis!

fr
2
ol
%

—_L’,

Figl4 (A) (B) (C)& Thod 5°] RAPD MarkerE Yel il gl=d], dejudlgy 77t
WHol7b A A vEhton, AAAor 2 o tjelBgEo] RAPD MEv) wWol] #3 w9t}
Figl3(C)E= Fig.1491 A ¥ breed specific fragment’} &3 & 34 &+ no band Ejel JN

H Eo9] primerEe°] Ye}al 9t JNH GenomWol & o] 9F AbH 2
NHA HEFA S Fgk AAA o] o] Fo] AHeFL

S -
%

¢l primer sequence”}
Aoz A=wH. Fig. 19, Fi
g. 20, Fig. 218 Tho%E %  Jeju®F E°] RAPD MarkerEo] A7/|Ao] &84 & 60% -
85 % Wl E=dste Ao 2A tiiEE pooling DNAF T YEIRE FF 5°] RA
PD Wi=%E0°] $¢( Fig. 19, Fig. 20, Fig. 2)22 ol& &9 primerd Eo] i

gFstAl YEtda o] U 2 FF0 F14 Held s Al 8ty 555
o] RAPD markerE ZrEds W2 83514 &= 2o Algd,
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T O T Y B U e e
T €¢C T C€C T C T C T CT CT CT C

Fig. 8. RAPD assay of horse breed-specific band using pooled genomic DNA
A) Random primer MG15, MG162, MG244 and MG443 showed the
Thoroughbred-specific RAPD band patterns 1600bp, 550bp, 1700bp and 1100bp,
respectively.

B) Cheju—native horse specific RAPD fingerprint showed in the random primer
MG 18 400bp, MG213 850bp, MG234 1300bp and MG754 350bp, respectively.

T : Thoroughbred, C : Cheju-native horse, M : Lamda / EcoRI+Hind III.
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Fig 9. RAPD assay of horse-specific band using pooled genomic DNA
T : Thoroughbred, C : Cheju-horse

_31_

IP:14.49.138.138, 2017-11-02 17:51:30



#1738 #205 #198 #204 #104 #226

Figl0. RAPD assay of horse-specific band using pooled genomic DNA
T : Thoroughbred, C : Cheju-horse
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(A) (B)

Fig. 11. Polymorphic RAPD profiles obtained with MG85 (C: Cheju Native Horse,
T: Throughbreed, M: Lamda / EcoRI+Hind 1.
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Fig. 12. RAPD analysis of Thoroughbred specific fragment by primer MG244, Th : Thoroughbred,
CNH: Cheju- horse
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Fig 13. RAPD analysis of Thoroughbred and Cheju-horse specific fragment by primer MG162
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A B) C)

_ Thoroughbred  CNH Thoroughbre  CNH Thoroughbred  CNH

-

--quﬁuu

e ""H"""ﬂhin

Fig. 14. RAPD analysis of Thoroughbred specific fragment by primer MG326(A),
244(B) and 443(C) M : A / Hind I
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TH | CNH

Fig. 15. RAPD analysis of Thoroughbred specific fragment by primer MG 562, Th : Thoroughbred,
CNH: Cheju- horse
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CNH TH
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Fig 16. DNA amplification profiles generated with random primers MG 6085, on
two breeds of horse ( C: Cheju Native Horse, T: Thoroughbred, M: Lamda /
EcoRI+Hind 11I.
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CNH Th

Fig. 17. Polymorphic RAPD profiles obtained with MGO085( C: Cheju Native
Horse, T: Thoroughbred, M: Lamda / EcoRI+Hind III.
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CNH Th

Fig. 18. Polymorphic RAPD profiles obtained with MGO009( C: Cheju Native
Horse, T: Thoroughbred, M: Lamda / EcoRI+Hind III.
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CNH TH
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=9 53 5 P9 Bu =3 F P e S e g vy

Fig. 19. DNA amplification profiles generated with random primers MG 6142,
on two breeds of horse( C: Cheju Native Horse, T: Thoroughbred, M: Lamda /
EcoRI+Hind II1
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(A) (B)

L i 1T 1111111

L X X X X B B N | . A A 5.2 R B B |
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Fig. 20. Polymorphic RAPD profiles obtained with (A)YMG119, (B)MG126
(C: Cheju Native Horse, T: Throughbreed, M: Lamda / EcoRI+Hind 1I.
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Fig. 21. Polymorphic RAPD profiles obtained with (A)MG434, (B)MG443,
(CMG549, (D)MG731 (C: Cheju Native Horse, T: Throughbreed, M: Lamda /
EcoRI+Hind 1II.
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Fig 22. DNA amplification profiles generated with random primers MG 6062, on
two breeds of horse( C: Cheju Native Horse, T: Thoroughbred, M: Lamda /
EcoRI+Hind III.
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4) FF 5o Wiz 24, 97|14 <E 24 2 SCAR Primer 2 A

RAPD 419 ¢] AldAdo] FEslivtes ddS SE 12 FF 5ol 4 tdAA & Hole
RAPD fragments® cloning ¥ sequencings <33}1, RAPD fragments® sequence®l
<78kl & primers ¥t @S bAoA Aeg Ay FFAES 9% DN
A markers 7M#stuz stk o]2lg@ PCR W< SCAR-PCRel2 3h=dH RAPD &
AT AEA G ged FAEAHoR o] &5 ojx a1 )t} Random primerdl] <]
3 o3l @ EEFE0] RAPD fragmentE gelZ5-H elution dt¢]cloning ¥ sequencing<
A% & % ALE3F RAPD primer base ®.UF 71 (14 - 20 mer) c-terminal ¥} n-termin
al strands-specific oligonucleotide primer pairsE &£ 5% %39 specific band 3}y
WS Z=Z A7) A 2$ SCAR-PCR( sequenced characterized amplified region-PCR) %
W& (Paran¥ Michelmooe, 1993)< o]-&3te] vl #%5 5o] SCAR-PCR  primerg Al %3}
Ak AN E AAS A 2H7he] FFe dste] FE Sold S EolE primere MG
0244, MG0162, MGO0003, MG0065, MG0034, MG0055, MG5086, MG5153. MG0085, MGO032
6, MG6085, MG0446, MGO177, MG0562, MG0171, MGO0139, MG0162, MG0443, MG02043,
MGO0030, MG0126 MGO08 =4 227/ & HFE AW3ste] o] =52 TA clohing kitS ©]
23} ligation A7) ©& E, Col:(JM109 or DH52)9l transformation A7 & 22709 prim
er WS F24Y 39l sqeuncingS A Al &te] Table. 5 o “FEFH AT
sequence®] =A%t MZE primerE FAY] X AFE3 RAPD primer base Xt} 71
14 c-terminal ¥} n-terminal strands-specific oligonucleotide primer pairs® W&o &4
F%59 specific band S FZFA7] A= Fig. 29, Fig. 30, Fig. 31 Y}eR AT
ole] Aol Ad FEZF SCAR PCR o 9l&to] et Mi=s52 b Wi=g %3 3

=

[e)
o
£ Aztstol oAl Adde Fdstlen, Add Aol SCAR PCR RE-g-%31 0] primer
2315 24 dlofste o #wol Ao (Fig.32), & SCAR primer 105 Al
(e}
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Table 3 Evalution of frequencies and identification of breed specific
RAPD Markers

RAPD marker Thoroughbred (%) Cheju-horse (%)
MGO0126 1.00 0.00
MG01621100 0.00 1.00
MG0264 1.00 0.00
MG0443s0 0.00 1.00
MG0005 0.12 0.91
MG056250 1.00 0.00
MG0220 0.80 0.20
MGO0244 1400 1.00 0.00
MG00531100 1.00 0.00
MGO1772000bp 1.00 0.00
MG0204 0.00 1.00
MGO0171 1.00 0.00
MGO1771800 0.00 1.00
MG0139 1.00 0.00
MG00851000 1.00 0.00
MG0326s00 1.00 0.00
MG60851300 1.00 0.70
MGO00851100 0.00 1.00
MG0009s00 0.00 1.00
MG40431100 0.00 7.00
MG0434170 0.00 0.10
MG05491200 0.00 0.85
MG60621300 0.20 0.80
MG0446s00 1.00 0.00

Table 4 Evalution of frequencies and identification of breed specific
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RAPD Markers

RAPD marker

Thoroughbred (%)

Cheju—horse (%)

MG0244 1200 1.00 0.00
MG0443 1.00 0.00
MG0562500 0.00 1.00
MG016Z1000 1.00 0.00
MGO0003 1.00 0.13
MG0030 0.00 1.00
MGO0065 1.00 0.13
MG0081 0.00 1.00
MGO0146 0.66 0.00
MG0005 0.93 0.00
MG0034 1.00 0.00
MGO0055 1.00 0.06
MGO0096 0.13 0.93
MGO755 0.00 0.86
MG0220 0.86 0.00
MG0264 0.00 0.86
MG5086 1.00 0.00
MG5213 0.00 0.86
MG5153 1.00 0.00
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CNH TH

Fig. 23. DNA amplification profiles generated with random primers MG 030 on
two breeds of horse( CNH: Cheju Native Horse, Th: Thoroughbred, M: Lamda
/ EcoRl+Hind III.
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Cheju horse

Fig. 24. RAPD analysis of Cheju horse specific fragment by primer MG 562
M : A/ Hind I
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Fig. 25. (A) DNA amplification profiles generated with random primers MGO053,
on two breeds of horse( CNH: Cheju Native Horse, Th: Thoroughbred, M:
Lamda / EcoRI+Hind III.
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Fig. 26. (A) DNA amplification profiles generated with random primers MGO053,
on two breeds of horse( CNH: Cheju Native Horse, Th: Thoroughbred, M:
Lamda / EcoRIl+Hind 1II.
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Fig. 27. The second - PCR amplification profiles generated with random primers
MGO053 on two breeds of horse( C: Cheju Native Horse, T: Thoroughbred, M:
Lamda / EcoRIl+Hind III.
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Fig. 28. Electrophoresis of PCR products fragement inserted - plasmid (TA
vecter) M: Lamda / EcoRI+Hind III.
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Fig. 29. Electrophoresis of SCAR-PCR products fragement M : Lamda /
EcoRI+Hind III. A : Thoroughbred , B : Cheju Native Horse
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Fig. 30 Electrophoresis of SCAR-PCR products fragement by primer MG 0446, M:
Lamda / EcoRI+Hind III. TH : Thoroughbred , CNH : Cheju Native Horse
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Fig. 31. Electrophoresis of SCAR-PCR products fragement M: Lamda /
EcoRI+Hind III. (A)MG244-1, (B)MG34-3, (C)MG30-1
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Fig. 32. Electrophoresis of SCAR-PCR products fragement M: Lamda /
EcoRI+Hind III.
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Table 5 partial nucleotide sequence of the RAPP-PCR

clone . reading s
primer equences
No. 715

CCATCCGTTGGGAAAAGATGAACATGGAAAGTAGCCAGAG
GTCAGATAATATATAAATTTATATGCTGTATAAGCAATA
TGGAGTCTATCCTGAAAAGGATGAAGAACCACTAGAAAGG
TTTAAGTAGAGGGTAATATGATGAGGTTGCATTTTAAAA
60-4 | 6304 352  |[AAGAGACCCAAACAAACACTGTCATGGTGGAGGAAGGAAC
AACACTTGAGAACCACTGTTGGGGTGGGAATCCATCACAA
TAGTCTAAAATCGAGACAATGGACACGGAAGTTAGGAAG
AAGGAAAGGAGCAGAGATCTGAAGAGTGAGGGATTGCCTC
TGTGGTCAATTCATCACATATGGCGCAACGGATGG

ACTGGCCTGAGGAACAGCTGGCTCTTCTTAGTGAAGACCA
CACTGGTCACTGAGAGTTACTCATTATGTCTGAGTTATTA
GGTGAGCTCTTGGGAAGAGAGTATACACTGTGGCACCAGT
GAGGCCTGAGTTCAAATTCCTTCTCTACACCACTCGACAG
TCACATGATCATAAGCAAGTTACTTAACTTCCTTCAATCA
TGACTTGGTGACCTGTAAAATGGAGATGACATCTTTCCAG
TTTAGAGTGTTGCAGTATGGATTGATAGAGATAATGTGT
GTCTAACACCAAACACAGAGTCAGGCCAGT

64-7 | 6304 390

GAGCCCCGAAGAGCCAAAGTAACCCTGAAAAAACAAGAAC
AAAGCTGGAGGTATCACCCTCTCCGATTTAAAAATATACT
ACAAAGCTATAATAGTCAAGACAGCTTGGTACTGGAACAA
AAATGGACACACAGATCAATGGAATAGAATCTAGAGCTC
AGAAATAAACCCACACATCTATGGACAGCTAATTTATGAC
9-5 | 6304 416 |[AAAGGAGCCAAGAACATAAAATGGAGAAAGAAAACTCTT
TTTAATAAACGGTGTTGGGAAAACCGGACAGCCACTTTCA
AAAGAATGAAAGTAATATCAATGTTTTGATTGCGAGGGT
GGACCTAAGGAAACTATTTATGTTTTGTCTCAGGACCAAT
GAGATAATAAGGATGGCTTTGCTGCTAAAATACACAGCCT
TATAATGGGTTCGGGGCTC
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Table 5 Continued

clone . reading S
primer equences
No. a7l

GAGCCCCGAAGAGCCAAAGTAATCCTGAAAAAACAAGAA
CAAAGCTGGAGGTATCACCCTCTCCGATTTAAAAATATA
CTACAAAGCTATAATAGTCAAGACAGCTTGGTACTGGAA
CAAAAATGGACACACAGATCAATGGAATAGAATCTAGAG
CTCAGAAATAAACCCACACATCTATGGACAGCTAATTTA
9-6 6304 416 |TGACAAAGGAGCCAAGAACATAAAATGGAGAAAGAAAAC
TCTTTTTAATAAACGGTGTTGGGAAAACCGGACAGCCAC
TTTCAAAAGAATGAAAGTAATATCAATGTTTTGATTGCG
AGGGTGGACCTAAGGAAACTATTTATGTTTTGTCTCAGG
ACCAATGAGATAATAAGGATGGCTTTGCTGCTAAAATAC
ACAGCCTTATAATGGGTTCGGGCTC

GAGCCCCGAACCCATTATAAGGCTGTGTATTTTAGCAGCA
AAGCCATCCTTATTATCTCATTGGTCCTGAGACAAAACA
TAAATAGTTTCCTTAGGTCCACCCTCGCAATCAAAACATT
GATATTACTTTCATTCTTTTGCAAGTGGCTGTCCGGTTT
TCCCAACACCGTTTATTAAAAAGAGTTTTCTTTCTCCAT
9-7 | 6304 416 |[TTTATGTTCTTGGCTCCTTTGTCATAAATTAGCTGTCCA
TAGATGTGTGGGTTTATTTCTGAGCTCTAGATTCTATTC
CATTGATCTGTGTGTCCATTTTTGTTCCAGTACCAAGCTG
TCTTGACTATTATAGCTTTGTAGTATATTTTTAAATCGG
AGAGGGTGATACCTCCAGCTTTGTTCTTGTTTTTTCAGG
ATTACTTTGGCTCTTCGGGGCTC

ACTCCTGCGAGACAAGGCGGGTGTGGAGTAAGTGCTTGTT
GCTGAATGCTGGTGATGGGGGTTCTGGTTCACGTCGGTCC
14-1-1| 6304 192 |[TAGCGACAGTGGCGATGCTGGCTCTGAGGAGGTGATGGCG
GTTATGGTGAGGTGCTAATGGTGGAGGCGATGCTGGTGAC
CTGAAGGCACAGTAATGGTGGTCGCAGGAGT

ACTCCTGCGACACCAAGGCTGACTGGCACGGTACTAAGAG
GCAGGTCACTAAAGGCTGTATACAGGATGACTCCATGTA
14-4-2| 6304 179 | TGTAACGTTCATAAACAGGAGAAGCTAAACTATAAGAGG
TTGTAAATCTACAGCAAAAAGCAAGGAGCTAATGATCGC
AGGAGCTAATGATCGCAGGAGT
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Table 5 Continued

clone . reading s
primer equences
No. 715

GTCGGTTGTCATGGCCTTTGCTGTGCTTTTATCGTAATGT
CAAGGTGGAAAATCACAGACATATTCAAAGGTCGGACGAT
GTAGGGAGCCCGGATGGGCAGTGGGCCCTGAGGGCCGTCCC
ACACCCTGTAGCTTTTCATTCCTGTGGATTTCATTAGGCA
ACGTTGCTCCTTAATGTCTTTAGTGAGATAGAATTCACAT
36-2 | 6304 418 |ACCATAAAACTGCATTTAAAGCAAGCTTGTCCACACGCGG
CTCAGGATGGCTTTGAATGAGACCCAACACAAATTCATAA
ACTTTCTTAAAACATTATGAGTTTTTTTTTTTAGCTCAT
CAGCTGTCACTAGTGTTAGTATATTTTATGTGTGGCCCAA
GACAATTTTTCTTCTTCCATTGTGGCCCACGGAAGCCACA
AGATTGGACAACCGAC

CCCAGCTAGAACACAGGACTGAATTTAAGACCGAAAGCAG
ACCTGCTAACTGCTCACTCATTGCCAACTGTTTGAAAAAC
AAACATATTAACACAGCTTTGGACTTTTTACAAGGTTTT
TGTTTGTGTACCCAGACGGGAATGTACACAGAGATGAGGA
GACTATTATTGGGGGAGGGGAGTAAGTCAGTTTGGAAAAC
ATCAGACAACATATTGTTTTCATATTTAATATTTTCTAC
CTCTCAGAGCTGCTTAACTTTTACAGAGATTCTCGAATAC
TTAATTAGAAAAACTTTTCTAAACGCCCACTGGTCCATCC
AGAAGGATGAATAACAAGAATATTTTTTAAGGATGCTGA
AATTAAAAAAACAAGAAAACAAAAAACCTTTACTTTCAC
AATTCTTGGCTGCTCTGAGAGCCCTTATTGAGCCATTTTA
ATTGGGTCACTAATTCAATAGCAGCCAGAAAAAGTAGAA
CCTCAAATTACTCATAGAAGAACATGTGATTTCCAACCCA
TTATAACTCAACAGAGACCACAAGACTATAGGAATAAAC
TCTTAGGAGCTGTGCTAGGCATTTACCAACAGCACAGCCA
ATCTTCATGACAACCGTGCAAAGTACACCTCTCAGGCCCA
ATTTACCGATGACGGAGAGAGACTCAGGCAAGTTAACCCA
GTTCGTGGGATGTCTCAACTAGTACATGTCTAGCTGGG

5-1 | 6304 713
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Table 5 Continued

clone . reading s
primer equences
No. 715

CCCAGCTAGACCTCTGTTACATAAAGTCAACTGATTGTAG
ATATTAATCCCATCTGTGAAATATCTTCACAGCAACATCT
AGATCAGTGTTTGGTTGAATAACTGGGTACTGTAGCCTAA
CCAAGTTGACACGTAAAACTGACCATCATACCATGCTTCC
ACTACTGTGCTCATTCCTGAACACTCCATTTCTTATCATT
CCCATGAAATCTTGGCATATTTCCTTCCCTTGGTCTGGAG
GACTCCTATTCTCCTTCTCAGTCACCTGATTTCCACCTCTA
AGAACCTACGCAAATGTTGCTTCTCCCATGGAACCCTCCT
5-2 | 6304 713 | TGACTTCCCCAGGGAGAGTTCTTTGCACCTCTTCTGGGCTC
ACACAACATTTGCTCATACTCATGTTTTGGCACATTGCCA
CTCTGTCCCATCAGTATTTGCTTCTGTCTCCATTTTCCCCA
ACATATTCTGAAGTACTTGAGAACAGGGACTGTATTTTA
TTGATCTCTTGGTCTTCAGCACAGTGCCAGGCATGGAAGC
GCTATAAATGGAAGCTGTAAATAGGGAGGCTGAGTTAAC
TGGAGAGCCTGCAACTTACTAGGGAAGTATGGTTTTGGTG
TTTGGCAAAGCAGACAGGCGGCATGAGCCTAAGCTCATGA
GAGCAGCTCTAACTTCCCCTCTAGCTGG S

CCCAGCTAGAACACAGGACTGAATTTAAGACCGAAAGCAG
ACCTGCTAACTGCTCACTCATTGCCAACTGTTTGAAAAAC
AAACATATTAACACAGCTTTGGACTTTTTACAAGGTTTT
TGTTTGTGTACCCAGACGGGAATGTACACAGAGATGAGGA
GACTATTATTGGGGGAGGGGAGTAAGTCAGTTTGGAAAAC
ATCAGACAACATATTGTTTTCATATTTAATATTTTCTAC
CTCTCAGAGCTGCTTAACTTTTACAGAGATTCTCGAATAC
TTAATTAGAAAAACTTTTCTAAACGCCCACTGGTCCATCC
AGAAGGATGAATAACAAGAATATTTTTTAAGGATGCTGA
AATTAAAAAAACAAGAAAACAAAAAACCTTTACTTTCAC
AATTCTTGGCTGCTCTGAGAGCCCTTATTGAGCCATTTTA
ATTGGGTCACTAATTCAATAGCAGCCTGAAAAAGTAGAAC
CTCAAATTACTCATAGAAGAACATGTGATTTCCAACCCAT
CATAACTCAACAGAGACCACAAGACTATCGGAATAAACTC
TTAGGAGCTGTGCTAGGCATTTACCAACAGCACAGCCAAT
CTTCATGACAACCGTGCAAAGTACACCTCTCAGGCCCAAT
TTACCGATGACGGAGAGAGACTCAGGCAAGTTAACCCAGT
TCGTGGGATGTCTCAACTAGTACATGTCTAGCTGGG

5-6 | 6304 713
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Table 5 Continued

clone . reading s
primer equences
No. 715

GACGACCGCAGGCACAAAGTTTATATGTGGGAAAGCCAGA
ATGCACACTCAAACATTCTGATTCCAGAGTCTGTGATTT
TCGTGTGTGTGTGTGAGGAAGATTGGCCCTGAGCTAACAT
CTGTGCCAATCTTCCACTATTTTATGTGGGATGCCATCAC
52-7 | 6304 357  |AGTGTGGCCTGAGAAATGGTGCTAGGACTGTGCCCAGGAT
CTGAACCTGTGAACCAGGGCCATCAAAGTGGAGTACGCAA
ACTTAACCACTATGCCACCAGCCGGGCCCCCAGATTCTGT
GATTTTTTAATCACTCTAGACCAGTCATCCTTAAACTTT
TTCTGCAAAATGGTCAGATAATAAGGTGTTGCGGTCGTC

CATTCCCTTTCNAATTCCCGCGTNGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCGAATTCACTAGTGATTACA
GGTAGACTTAAAGCTGATTCTCTTGAAATGTTGTTTATC
TCAACCTAAGGAAGAACAGTGTACAACCATTTCTGGGAT
TGAGGTTTTTTAAAACAAACTGACCAAAAATATGCTCAG
ACCTTAATTTGAACTCTTCTGGGGAATGTACACATGGAA
TTACGTTTGATCAAATTTGGACAACACATTTACTAATCA
TTCTGTCTTTCTACTCACTTCTCACTCATGTGCTGATCCT
22-45 | 217 658 |GTTATAAATTTTTCCCCATCCCCAGTCTACCTGTAATCGA
ATTCCCGCGGCCGCCATGGCGGCCGGGAGCATGCGACGTCG
GGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACT
GGCCGCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCG
GTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGC
CAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCT
TCCCAACAGTTGCCGCAGCCTGAATGGCGAAATGGGACGC
CGCCCTGTAGCCGGCGCATTAAACCGCGGCGGGTGTGTGG
GNGGTTACCNCCNCCACT
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Table 5 Continued

clone . reading S
primer equences
No. a7l

TTNTATCTCTTTCCATTTGCACCCGNCGTCGCATGCTCCC
GGCCGCCATGGCGGCCGCGGGAATTCGATTATGTGTTGCC
TTTAACATGTAATGANTGAAGCTGGGGGACATAATTTTG
TCATAAGACAAAAAACAACCGATAAAACACAGCACTAAC
TGAAAAACATAATAAACACAAATTTTGATTACTAAAGA
ATTCACAAAGATGTAGAAGAAAAACTTAACCACAGTTAA
ACAAAATATACCTCATTTTTAATATGTTTGGCTGTAGGG
CCCTCGTCTTTAAAGTCATCTCTAAATCCTAGAAAAGACG
19-2T | 146 662 |CTAAGTATCGAAATTTTTTCTCTTTTGACACATGAAAGG
AAAATGGGAGATGTACCACAATCAGCAATGAAGAGTCAC
AAACAGACCCAAAGAAATGACAAGCTGGCTTTCACTGTC
ATAACTGGAGGGTCATCAACTAGAAAAATACCATGATGA
AAGCACCGCAACACATAATCACTAGTGAATTCGCGGCCGC
CTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGA
TGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCT
TTGGCGTAATCATGGTCATAGCTGNTTCCTGTGTGAAAT
TGGTATCCGGCTCACAATTNCN

TNCNAATCCCTTTCCATTCCCCGCGTGGNGAGCTCTCCCA
TATGGTCGACCTGCAGGCGGCCCGCGAATTCACTAGTGAT
TATGTGTTGCGGGGCTTTCATCATGGTATTTTTCTAGTT
GATGACCCTCCAGTTATGACAGTGAAAGCCAGCTTGTCAT
TTCTTTGGGTCTGTTTGTGACTCTTCATTGCTGATTGTGG
TACATCTCCCATTNTCCTTTCATGTGTCAAAAGAGAAAA
AATTTCGATACTTAGCGTCTTTTCTAGGATTTAGAGATG
ACTTTAAAGACGAGGGCCCTACAGCCAATCATATTAAAA
16-25 | 146 652 |[ATGAGGTATATTTTGTTTAACTGTGGTTAAGTTTTTCTT
CTACATCTTTGTGAATTCTTTAGTAATCAAAATTTGTGT
TTATTATGTTTTTCAGTTAGTGCTGTGTTTTATCGGTTG
TTTTTTGTCTTATGACAAAATTATGTCCCCCAGCTTCAT
TCATTACATGTTAAACGCAACACATAATCGAATTCCCGCG
GCCGCCATGGCGGCCGGGAGCATGCGACGTCGGGCCCAATT
CGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGT
TTTACAACGTCGTGACTGGGAAAACCCTCCGCCTACCCAA
CTTAATCGCCTT
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Table 5 Continued

clone ) reading S
primer equences
No. 4715

TNTTTAANCCCTTTGCCATTCCCCGCCCGNCGTCGCATG
CTCCCGGCCGCCATGGCGGCCGCGGGAATTCGATTAGGG
GCGGGAACTTGGGAATATGTGGGCCTGTTTGGATGATT
CCTGAAGGTGATTATCAGAAACGTCAAGGACGGTAATG
TTTTCCGTTGGTTCCTGGGCTTAGCACCGATCAGGTTCT
CTTGGTAGTATTCCTCTTCATGTATTTGGAATGGTCTA
GCCTTCTGTAGCATCAGTAAGCCTTTTGAGGTGATTTT
CCATCCTTGGAAGTTCACCTTCTCTAATCTCTTTCAGCC
CCCAGAGCTGTATGCCGTCCTTCTGGACCCCCTTTTGGA
17-1T 65 752  |TTTTTGATTGTAGGTGAATTTATTGCCGTGACCCTGCA
TTACAATATGCTATGTCTTTNAGATTTACAGCCTCATC
GATTTANACTTCCGTGTAGGTGACATCGTCTTCACCACC
GTAAGCCGAATCACAGGCCGTCACCACACACTTTGCGCC
TCATCATCACTTTCACCCTTCCTTCCGGCCCCTAAATCN
ACTAANNGGAAATTCNNCNGGGNCCGCCTTGCCAAGGNT
CGNANCCCANTANTTNGGGGNAAAAAACCTTTCCCCCAA
AACGGCCNTTTTGNGGAAATGCCNNTAAANNCTTTTGG
ANGGNAANTTCCAAAANACGGGGGTNACNCTNGGTTNN
CNNNTANGGNCTTTGTANCCNNANNANATCCCC

TNNTTNANNCCNTTGGAATCCCCCGCGTTGGGAGCTCTC
CCTATGGTCGACCTGCAGGCGGCCGCGAATTCACTAGTG
ATTCGGGGCGGGATTGAGGGTGAAAGTGATGATGAGGC
GCAAGTGTGTGGTGACGGCCTGTGATTCGGCTTACGGTG
GTGAAGACGATGTCACCTACACGGAAGTCTAAATCGAT
GAGGCTGTAAATCTGAAAGACATAGCATATTGTAATGC
AGGGTCACGGCAATAAATTCACCTACAATCAAAAATCC
AAAAGGGGGTCCAGAAGGACGGCATACAGCTCTGGGGGC
16-7C 65 672 | TGAAAGAGATTAGAGAAGGTGAACTTCCAAGGATGGAA
AATCACCTCAAAAGGCTTACTGATGCTACAGAAGGCTA
GACCATTCCAAATACATGAAGAGGAATACTACCAAGAG
AACCTGATCGGTGCTAAGCCCAGGAACCAACGGAAAACA
TTACCGTCCTTGACGTTTCTGATAATCACCTTCAGGAAT
CATCCAAACAGGCCCACATCTTCCCAAGTTCCCGCCCCT
AATCGAATTCCCGCGGCCGNCATGGCGGGCCGGGAGCCA
TGCGACGTCGGGCCCAATTCGCCCTATAGTGAGTCGTAT
TACAATTCACTGGCCGTCGTTTTACAACGTCCC
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Table 5 Continued

clone . reading s
primer equences
No. 715

TNTNATCCTTGCATTCCGCGTTGGGAGCTCTCCCTATGNT
CGACCTGCAGGCGGCCGCGAATTCACTAGTGATTTCCCTC
GTGCTNTGTGGTGGGAATGTAAAATAGTGCAGCTGCTGT
CAGAACAGCTTGGGGGTTCCTTAAAAAACTAAAATAGGA
TTGCCATGTGACCCAGCAATTCCACACCTGGGTATGCGTG
CAACAGAATTGAAAGCAAGGTCTTGATCAGATATTTGTA
CACGTGTTCATAGCAGCATTATTCACAACAGCCAAAAACT
GGAAACAACCCAAGTGCCCATCAACAGATGATGGATAAA
MG-3C| 0053 656 |[CAAAATGTGGTCTACACTCACAATGGAATATTATTCGGG
CTTAAAAAGGGAGGAAATTCTGACACCTGCTTCAACATG
GATGAACCCTGAGGCCGTTATGCTAAGTGAAATAAGCTA
GTCACAGAAGGACAAATCCTGTAGGATTCCACTTATATC
TTTTACCTGAACAAGTCAAAATCATAGAGACAGAAAATA
CGATAAAGGTTCCTGGGGAGGGGGCGGGAGGAATGTAGAG
TTACTGTTAAGTGGGAATAGAGTTTCTGTTTGGGATGAC
GTGAAAGTTGTGGAGGTGGATGGTGAGGATTGCACAACA
GTGTGAATGTACTTAAT

GNNNNNNNNNNNAGCTTTGACTNCATGNCCNTTTNCNCCC
GNCGTCGCATGCTCCCGGCCGCCATGGCGGCCGCGGGAATT
CGATTCCGGCTTATGAATCATCTTGCTGTACTATATCACC
ATCTTTGTCCCACTAAAACCTTCTCACATAAGGCAATTTG
TGTCTTTGGTAACATTTGCTAAAGATCTGTGGATGGTAA
AAGGAAAGGATTTTACAGAGACATTATAAAGAAAACCTT
CGAAGTAAACATTAAACATTTTTCTTAAAAAGTCTTCAA
TCACAACCCCACAGGGGTTTTTCATGACCATGCTAACCTA
MG-4T| 0030 675 |TAGGTTTTCCTAACCCCACACCAACTTCCCCGGCCCTGCT
TCCTTCCATCTCTCCTCCTCGCGTCATGCTCTCCAGAATA
AAAACAAACTCCTCTCTTCATCTCACACAGAACACTTCAG
CCTTCTTTCTTGCCTTTGATGTTTCTGGGTTCATGTTTCA
GGTGTCTCTCCTTCCATCCGCAAAAGTTCTTAAAGACATC
TTCCTGAAGAAAGATTACTCTCTCTAAAAGAATATCTGA
TGCCAGGTGTCAAGAGGATACATCTGNTGCTTCTATAGCT
ATAAAGGACTCTAATATTCCACATGGACACCAAATATTA
TCATCTTAATAAATATTATACCTCACACTTATATNS
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Table 5 Continued

clone . reading S
primer equences
No. a7l

GTTGATTCCATTNGCATCCCCGCGTTGGGAGCTCTCCCTA
TGGTCGACCTGCAGGCGGCCGCGAATTCACTAGTGATTCC
GGCTTATGAGGCAATGGGTTTCGTCTTCCAGGTAAGTGAG
ACCTTATGTCTCACAATCAAGTGATAAAACAAACATGTT
CTTATTTTTAGATGACACACTAAAGATTGGTTTGTGTAT
AACTTTTTTCATTTGACAATAACTCCATGTGATTTAGAT
AAATGAACAGTCCTTGTGTTTTCTCCATCCCTGTGGCAAT
TTCTAAGATGAAAATACTAGACAAGCGTGAAAAGAATCT
26-6 549 661 |ACAAGGATGGCTGCTTTTGTCCCTTTCCATTCTTAATTTT
CAGATTCTAGTTGAAAAATAGACTTTGGATAGGCAATAA
ATTATTCTTCTTTTCAAGTATGAGGAAACTATTTTTAAC
AACAGAAAGGCTTACAGACATCTGCCTGATTAAAGTTGA
TCTTTTAGAACTGATTGGTTGACAAAATAACCAATGACC
CAGAGCTACTATGAGTTGTGAGCTTAGTAATACTTTCTG
ATAATTTTTATTTTATCAATTACAGNACTAGATCTATAT
ATAAAAAAATAGTACATATGTGTATATGTATGTGTGGTG
CATCATATGTATATGAAAAAA

GNCNGATCCCTTTGCCAATTNCCGCCCGACGTCGCATGCT
CCCGGCCGCCATGGCGGCCGCGGGAATTCGATTTCCCTCGT
GCTTTACTGACNTNAGGGCGACACAAGTCCTTCCTGTGTG
CTTCCCAGGGCCCAGCCACCGCCCTGCACCCTCTTCCTGGA
TTGTCTCATTTCACCCCATGGGCATCGTCTCCATTTTCTG
AGCTGGGAAAGGAGTCACAGACAGATTAAGTAACTTGCC
CAGGGTCACACCTGAGCCAGGATCTGCACCTGGGCAGTCT
GACATGGAAGACATCCACCCATCTATTTCTTCTTCAAGTT
25-5T | 55 658 |GTGGTAAAATACACATAAAATTCACTGTTTCACAATCTT
TAAGTGTATAGTTCACTAGCATTAAGTACATTCACACTG
TTGTGCAATCCTCACCATCCACCTCCACAACTTTCACGTC
ATCCCAAACAGAAACTCTATTCCCACTTAACAGTAACTCT
ACATTCCTCCCGNCCCCTCCCCAGGAACCTTTNTCGGANCC
TCNGCCNCTATGATTTNGNNNCNTNCANGTACNTTNTGN
NAATGGANANNTAATCNATTACAGCNCTAGATCNATATA
TAAAAAATAGTACATATGTGTATATGTATGTNTGNGCAT
ACATATGTATATGAAAAA
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Table 5 Continued

clone . reading S
primer equences
No. a7l

TTNTTTCCATCCATTTGCNCGTCGCATGCTCCCGGCCGCC
ATGGCGGCCGCGGGAATTCGATTAACTTACCGCTGCCTTA
AGAAAGTATTAAAGAAAAGACAGGAAGAAAGAAAAAAA
GCAGAAAGTTTACTACTGAGGAAGATAAGAATCATACTA
AATATGACAAATTCATCAAATTAGCACTTACAGAAAACA
GAAAATTTACAAAATACTACTTTATAGAGTTAAAAAAA
AAAAAAAAGGACTTGGGACAGCCTACAGACGGAGAGGCG
ACTCACCTGTCCGAAGAAGGCCACTCGGAAGTACGTCCCC
21-3T | 162 652 |[AAGAGCCTGCGGCCCGAGTGCATGACCTCGGTCACTTTGC
TGTAGGCCCGGTGTAGGGTGTCATAGAGATGAGCCAGCCT
CTGAAAACAGAACAAAACCCATTTCCTCCCACTTGCAACT
AGTAGAATCAATTTCAAAATAACAATTAAATGAGATAA
TGTAGGTGAAAATTCCTTGGAGTTGAGTTAAAAAAAAGA
AAAGATCAAGAATGTATTTTGTCTGTACAACTGGTAGAG
ATCACTTCTGAATTGTAATGTTTCCTACCCAAAGGGCCAT
CTTGCGTATTGAGGACCTATCAGATTTCCATACTGCGGTA
AGTTAATCNTAC

ATCAATCCCTTTCCATTCCCGCGTNNGGAGCTCTCCCATA
TGGTCGACCTGCAGGCGGCCGCGAATTCACTAGTGATTAA
CTTACCGCTTTATGGAAATCTGATAGGTCCTCAATACGCA
AGATGGCCCTTTGGGTAGGAAACATTACAATTCAGAAGT
GATCTCTACCAGTTGTACAGACAAAATACATTCTTGATC
TTTTCTTTTTTTTAACTCAAGTCCAAGGAATTTTCACCT
ACATTATCTCATTTAATTGTTATTTTGAAATTGATTCTA
CTAGTTGCAAGTGGGAGGAAATGGGTTTTGTTCTGTTTT
20-3S | 162 652 |CAGAGGCTGGCTCATCTCTATGACACCCTACACCGGGCCT
ACAGCAAAGTGACCGAGGTCATGCACTCGGGCCGCAGGCT
CTTGGGGACGTACTTCCGAGTGGCCTTCTTCGGACAGGTG
AGTCTCCTCTCCGTCTGTAGGCTGTCCCAAGTGGTTTTTT
TTTTTTTTTAACTCTATAAAGTAGTATTTTGTAAATTTT
CTGGTTTCTGGAAGTGCTAATTTGATGAATTTGGCATAT
TTAGTATGATTCTTATCTTNCTCAATAAGTAAACTTTCT
GCNTTTTTTCNTCTTCCTGGCTTTCTTTTATTACCTTCTT
AAAGNCNGGNGG
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Table 5 Continued

clone . reading S
primer equences
No. 715

CAAAGTAGCCAGGCTGGGAAGCAGATCATCTAATGTGAG
TGTGACCCACGTTGGCCACACTGTTGAGAAGGCTCAGGCA
GGGTGGGAAAGAGAAATACAGCAGAAAGAGCATAGGCAC
TCTATATAAATATATTGAGGACTTTTATTGAAAATCAC
TTAAAATCACAAATGGAGACCCAATATCCATTGCACAAC
TATGCACGGAAAGCTAAAAAAAGCTAAAGAAGGCAAGGA
AATAGGCAGAAATTTGAGGTAATCACTGAGCAGCCCTAG
GTTTTGCTGGCTAAAGAGTAAGTGAGTTTAGGGGGCAAG
CATAGGAACCAGTTGGTAAAGATAATTTCTCACTGGCTT
CCCTGAATTCATGGGTTCAGGGCTGTATAACCCAACTTG
TTATGAAGAAGATTGGGAGGAATCTGATAATAAAAGTC
ATAGTATCACATTAAGTTAAGATCTAGGCAGAGTTAGTT
TTAAGAAGTCTATGTCCGAAATAGTTGACTCTTGAAACA
CATACAGGGCTACTTTG

MG 562 530
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5) Microsatellite loci 49 913 EZd FA43F O4A

Microsatellite= A& FHAHAHE 7P ®ol AFAF= FHEA 7IHOZA olF
makers< "W T A o] A A A Aol
Microsatellite marker= A& Hd7te] F44 wH r <

ol o] X o] AFrt FHAA FHA 5SS Fa BHEFTY A
shal mgk BfEE e A %
TAMORE B A Rk=Al F7hst

2 Ads AFsE o

ﬁ

N
—_

1.3AFE
Microsatellite® ©] &3t vlo] FHHEA HupEF FH4AE =4S HAe d8HR=
]_

g 445 (Tho), A4S B v} 41?(JNH), d2A vt 55 (Jap), AH =2 115(QUa), Al
F4Fr 56F(JRH), =% 39F(Mon)s ¥ 19675 4 o]&starh

2. Microsatellite marker®] 4% % PCR

DNAEXS 93 microsatellite &= AHT4, AHTS5 ASB2, HMS3, HMS6, HMS7,
HTG4, HTG10, VHL20, TKY321, CA425, ASB17, LEX33 1370 9] microsatellite® ©] 83}
o™ Multiplex-PCRE& GeneAmp PCR system 9600(Perkin-Elmer,USA)& ©]&3}lo] <3}
o, PC RAAHLS WA 95T 124 heatingd}™ denaturationsS F%=3lx, 95T 30x%3F
denaturation, 53 CollA 30%7} annealing 18] 1 72TCeolA 1E37Fe extension & 3TA =
Z 203 ¥kEI oAl 95C 30%3F denaturation, 56Cel A 30%%t annealing 2812 72Tl
A1 14319 extension ¢ 3TAIR F 153] wbEdTh 18]a 72T A 301t extensions
AN a9t ZZ 5 DNAE 25% agarose gelol A7) %53to] productsE &<l &9tk

PCR #38%, TEZNAEES 443 A5 &4 7] (Perkin Elmer ABI Prism 310 Genetic
Analyzer, USA)oll <3l H7|gd&ssta A=d 2 A ddFdA%  Genescan
analysis software (Version 2.1)& ©o]&3to] 7z PCR ©HE9 =Z7|& 3xd H&2ASH
(third order least squares method)2.Z #43}% 3, Genotyper analysis (Version 2.5)<
o]-&-3}o] microsatellite loci® ™ H- =] 4 et 37]% A3t

322 A9 #44 BRA B4
HHFAAE2 =Z7]7} microsatellite makerol] w2 A& G2 #=% o] & A A (observed
hetrozygosity) @ tH-Ad % ¥ == microsatellite Toolkit software (Park 2000)E o]-& 3}

gom 7|the o] 3 @A (Expected heterozygosity) ¥ ZE &2 2} 24 E microsatellite locid
TAESA st AA| olFAA(HY) 2 FFHEY olFAAAHs) F3A £3H =(Gst), 2L

i Ja 5 7474 AYDs) 2 FF23E Nei(1972, 1978)¢] W © 2 Da genetic
ditances®] FA-2 Neis (1983)¢] WS Algste JAGFHE FAZZ QA
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DISPAN(Ota, 1993) packageE ©]&3to] AAslgor, 3 DISPANS o] 8319
UPGMA (unweighted pair-group method with arithmetic mean) (Sneath ¢} Solkal, 1973)
9} Neighbor—Joining(N.]) method(Saitou ¢} Nei, 1987)Z o] &3}o] z 4272 (Ds and
Da)ell ¢]3%F phylogenetic treeE 2HA5F

FAHE  FA (Principal compo analysis; multivarate  statistical analysis)%
XLSTAT (http://www.xlstat.com) package= o] &3} 2 A8} 93 3 Microsat

package(http://hpgl.stanford.edu/projects/crosat/) S ©| &3} 2z 7| A S o] 7]'7‘]% THUH
G4z Wl E(allele-sharing) &  71Fo=  AAE 47 AYE BAYr. RE
o

phylogenetic treex TreeView(version 1.6)& ©]&3l%

4. 4 7
7F) #2 ¥ microsatellite loci®¥ 54
vH(Horse) 6 %2, 1965 3+t 137019 microsatellitee] ™3+ dFBFA=xe] 4+ 13970
AZH Ao (Table. 6 ), wA1E EE JdolA wfjg g Aol 72k 42 9o glolA
NHFdAe] = THHMS6) - 1670(ASB17)2] Heldom dAs o AA MNAEY
A gFAH S el e 492 #9998 o8 A A (Expected total heterozygosity)< 0.661
- 0874, I F-A42 Hol=(Gst; coefficient of gene differentiation)= 0.062(CA425)
2 0.192(LEX33)el e, F4t 0.1 4" #& A 2 NEsE 29 2 Jd
o A dozl microsatellite loci®] ThFA-S vlust7] $13] AFE-= o1z 13EF <] microsatellite
of gt HHFHIARE EEE Table. 79 YepAT JEE= ZF dig A=k dis)
AZ g8 NEE Holuia FJuadE F53 S Hola 9tk F o= Huoe A+
] T

frequence’t =S W HFHAAE] & HAdA = EA AEH, £ 1 99 F 95
o] ApolHo] kA }JJrfl AHT49] 100bpe] WP ate] 49 & FFolA = s
A eFar, AlFutel Ant 0.8%2 REE Holi vt AFuteA Wk ‘5%”7(]‘{} AlFute] =
5% W9 Z%X}%(AHTM 100, ASBe] 223, AHT49] 148, ASB29] 222 ), HelB g F <]
ASHTGI09 112), AHE2 574, F3% 1305 olgel A% Avntde, vEge)
g e H AYHREI 7 FAFE dHFAALGd s #EAde] s FAYE

. FF AE 44 A L FAdA 4
fHFHa2a eSS ZAR 39 Da gnetic distnce (Nei 5, 1983)¢} standard genetic
ditance(Nei 1972, 1978)= DISPAN Zz-1ale o gate] Aise] et EE7 713
W7t fAA AYE Hol: I1EFS JNH9 Mongl ZA Da gnetic distnce ¢ standard
genetic ditanceol A 0.014¢} 0.182% AZ=HAck wbd JNHeF wgEolgt & 4 9+ JRH
9}e] F4d4 A= Da gnetic distnce ¢ standard genetic ditanceol 4] 0.209}40.31= F ¥
A FHAAAE M Ao g2 AFuke] ofFFAMGE FHA AYE AL e AR
gk,

Da gnetic distnce®] matrixE ©]-83F9] NJ(Neighbor joining)tree 2 UPGMA tree & %+
Aol Figet Figoll 4YWeElSloew, HE3dbstandard genetic ditanceZ ©]-&3te] NJ
UPGMA treeZ #A3s}oFig. 33, Fig. 34, Fig. 35, Fig. 36 o A|A et AA st

2 01[‘[

s
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+ simple allele-sharing
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Table 6 Characterization of the 13 microsatellite locianalyzed in 10
cattle breeds

Locus Size range(bp) | No. of alleles Ht* Hst Gst¥
AHT4 100~160 10 0.827 0.761 0.080
AHTS 130~148 8 0.818 0.730 0.107
ASB2 221~259 14 0.845 0.690 0.184
HMS3 133~171 10 0.804 0.731 0.090
HMS6 157~169 7 0.750 0.649 0.124
HMS7 171~185 3 0.742 0.676 0.089
HTG4 128~142 3 0.661 0.598 0.095
HTGI10 90~110 12 0.793 0.687 0.134
VHL20 34~104 10 0.834 0.699 0.161
TKY321 208 ~232 13 0.875 0.781 0.106
CA425 230~250 12 0.752 0.705 0.062
ASB17 91~121 16 0.863 0.766 0.112
LEX33 198~216 11 0.864 0.698 0.192

* Ht ; Expected total heterozygosity.
+ Hs ; Expected within—population heterozygosity.

¥ Gst ; Coefficient of gene differentiation.
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Table 7 Allele frequencies of 13 Microsatellite loci for 6 Horse

breeds.

Locus Population

AHT4 JNH Jap Qua JRH Mong Tho
100 8.54 - - - - -
144 12.20 10.00 13.64 18.75 14.10 13.64
146 4.88 10.00 - 8.04 10.26 -
148 - 20.00 18.18 9.82 7.69 23.86
150 7.32 - 9.09 1.71 7.69 20.45
152 24.39 - 4.55 8.93 6.41 -
154 - 10.00 - 0.89 1.28 -
156 6.10 - - 1.79 - -
158 8.54 20.00 54.55 16.96 43.59 42.05
160 28.05 30.00 - 24 .11 8.97 -
3=10 8 6 5 9 8 4
AHTS JNH Jap Qua JRH Mong Tho
130 14.63 10.00 45.45 25.89 14.10 11.36
132 7.32 10.00 31.82 23.21 32.05 48.86
134 50.00 40.00 - 10.71 17.95 1.14
136 - 20.00 4.55 12.50 6.41 21.59
138 20.73 20.00 - 13.39 15.38 13.64
140 7.32 - 4.55 14.29 11.54 3.41
144 - - 13.64 - - -
148 - - - - 2.56 -
3=8 5 5 5 6 7 6
ASB?2 JNH Jap Qua JRH Mong Tho
221 3.66 - - 1.79 3.85 4.55
223 7.32 - - - - -
225 - - - 4.46 - -
237 3.66 - - 4.46 1.28 -
239 - - 4.55 - - -
241 29.27 - 4.55 22.32 11.54 13.64
243 1.22 - - - 2.56 9.09
245 2.44 - 13.64 17.86 15.38 19.32
247 4512 10.00 27.27 25.89 29.49 3.41
249 3.66 90.00 4.55 7.14 15.38 11.36
251 - - - 1.79 2.56 2.27
253 3.66 - 4.545 14.29 16.67 18.18
255 - - 36.36 - 1.28 18.18
259 - - 4.55 - - -
3=14 9 2 8 9 10 9
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Locus Population

HMS6 JNH Jap Qua JRH Mong Tho
157 8.54 40.00 18.18 10.71 8.97 11.36
159 1.22 - 4.55 8.93 8.97 4.55
161 17.07 - 9.09 24 .11 25.64 45.45
163 - - - 7.14 1.28 -
165 50.00 - 4.55 18.75 25.64 -
167 23.17 60.00 63.64 30.36 25.64 38.64
169 - - - - 3.85 -
3=7 5 2 5 6 7 4

HMS7 JNH Jap Qua JRH Mong Tho
171 2.44 - 9.09 7.14 7.69 15.91
173 - - - 1.79 5.13 -
174 - - - - 1.28 -
175 65.85 70.00 27.27 34.82 39.74 15.91
177 - - 18.18 10.71 12.82 25.00
179 7.32 30.00 22.73 16.07 12.82 27.27
181 10.98 - 22.73 27.68 12.82 15.91
185 13.41 - - 1.79 7.69 -
3=8 5 2 5 7 8 5
HTG4 JNH Jap Qua JRH Mong Tho
128 9.76 20.00 27.27 18.75 14.10 55.68
130 36.59 - - 10.71 14.10 -
132 41 .46 70.00 45.45 58.04 57.69 34.09
134 - - - 0.89 - 5.68
136 - 10.00 22.73 0.89 3.85 -
138 12.20 - 4.55 8.04 8.97 4.55
140 - - - 2.68 - -
142 - - - - 1.28 -
3=8 4 3 4 7 6 4

HTG10 JNH Jap Qua JRH Mong Tho
90 1.22 - 22.73 9.82 2.56 43.18
92 3.66 - - - 3.85 -
94 - 20.00 4.55 6.25 7.69 9.09
96 - - - 7.14 3.85 1.14
98 15.85 10.00 4.55 14.29 5.13 23.86
100 4.88 - - 1.79 5.13 -
102 26.83 - - 19.64 28.21 15.91
104 - - 4.55 8.04 7.69 -
106 2.44 - - 5.36 8.97 -
108 4512 70.00 63.64 22.32 19.23 5.68
110 - - - 5.36 7.69 -
112 - - - - - 1.14
3=12 7 3 5 10 11 7
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Locus Population
VHL20 JNH Jap Qua JRH Mong Tho
84 - - 4.55 - - 12.50
86 4.88 - 68.18 31.25 11.54 18.18
88 - - - 2.68 3.85 -
92 - - 4.55 11.61 12.82 15.91
94 34.15 10.00 13.64 17.86 26.82 32.95
96 - - - 6.25 6.41 20.45
98 7.32 40.00 - 3.57 12.82 -
100 53.66 30.00 - 12.50 25.64 -
102 - 20.00 9.09 1.79 - -
104 - - - 12.50 - -
3=10 4 4 5 9 7 5
TKY321 JNH Jap Qua JRH Mong Tho
208 8.54 - 4.55 714 - -
210 1.22 40.00 - 25.89 2.56 29.55
212 - - - - 2.56 -
214 1.22 - - 12.50 5.13 -
216 8.54 - 9.09 15.18 2.56 21.59
218 8.54 40.00 9.09 13.39 24.36 7.95
220 - - 4.55 - 2.56 4.55
222 20.73 20.00 - 16.96 19.23 -
224 - - - 1.79 - -
226 1.22 - 31.82 4.46 12.82 5.68
228 37.80 - 22.73 2.68 3.85 14.77
238 12.20 - 18.18 - 21.79 15.91
232 - - - - 2.56 -
3=13 9 3 7 9 11 7
CA425 JNH Jap Qua JRH Mong Tho
230 - 20.00 - - - -
232 - 20.00 - 2.68 - -
234 - - - 1.79 - 2.27
236 28.05 30.00 27.27 13.39 12.82 20.45
238 - - - - 6.41 -
240 2.44 - 4.55 - 11.54 1.14
242 29.27 20.00 22.73 14.29 24.36 7.95
243 - - - 0.89 - -
244 40.24 10.00 40.91 53.57 38.46 51.14
246 - - 4.55 12.50 6.41 15.91
248 - - - - - 1.14
250 - - - 0.89 - -
3=12 4 5 5 8 6 7
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Locus Population
ASB17 JNH Jap Qua JRH Mong Tho
91 - - 4.55 4.46 - 2.27
93 - 20.00 22.73 2.68 1.28 30.68
95 4.88 - - 3.57 3.85 -
97 3.66 - 4.55 1.79 7.69 -
99 1.22 - - 2.68 3.85 -
101 7.32 - - 8.04 3.85 -
103 - - - - 3.85 -
105 - 50.00 9.09 0.89 3.85 2.27
107 28.05 - 50.00 44 .64 14.10 23.86
109 20.73 - - 8.04 2.56 17.05
111 6.10 - - 6.25 10.26 -
113 4.88 - 4.55 0.89 12.82 1.14
115 20.73 20.00 - 16.07 20.51 9.09
117 2.44 10.00 4.55 - 2.56 13.64
119 - - - - 3.85 -
121 - - - - 5.183 -
3=16 10 4 7 12 15 8
LEX33 JNH Jap Qua JRH Mong Tho
198 13.41 - - - 20.51 -
200 52.44 - - 0.89 44 .87 -
201 - - - 6.25 - -
202 - - 40.91 15.18 - 18.18
204 - - 4.55 10.71 - 30.68
206 30.49 - - 3.57 14.10 -
208 2.44 60.00 9.09 21.43 3.85 17.05
210 - 10.00 - 2.68 7.69 -
212 1.22 30.00 36.36 15.18 8.97 23.86
214 - - 9.09 16.07 - 10.23
216 - - - 8.04 - -
3=11 5 3 5 10 6 5
HMS3 JNH Jap Qua JRH Mong Tho
133 - - - - 2.56 -
153 17.07 20.00 22.73 25.89 7.69 57.95
157 - - - - 1.28 -
161 9.76 50.00 31.82 9.82 15.38 6.82
163 - - - 5.36 6.41 2.27
165 37.80 - 18.18 14.29 17.95 12.50
167 15.85 30.00 13.64 27.68 33.33 20.45
169 13.41 - 13.64 5.36 6.41 -
170 - - - - 1.28 -
171 6.10 - - 11.61 7.69 -
3=10 6 3 5 7 10 5
- 76 -

IP:14.49.138.138, 2017-11-02 17:51:30



Table 8 Expected and observed heterozygosity as well as mean
number of alleles (MNA) observed across 13 Microsatellite loci for

each breed.

population n Expected Hz = S.E Observed Hz MNA
JNH 41 0.700+0.024 0.675 6.23
Jap 5 0.639+0.053 0.708 3.46
Qua 11 0.705+0.028 0.755 5.46
JRH 56 0.794+0.021 0.804 8.38
Mong 39 0.797+£0.020 0.649 8.62
Tho 44 0.728+0.024 0.691 5.85
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Table 9 Matrix of Da genetic distance observed between Horse

breeds.
JNH Jap Qur JRH Mong
Jap 0.4146
Qua 0.3725 0.3944
JRH 0.2013 0.3431 0.2242
Mong 0.1414 0.3520 0.2776 0.1373
Tho 0.3930 0.4103 0.1701 0.1841 0.2668
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Table 10. Matrix of standard genetic distance (Ds) and standard
errors observed between the FEastem Asian breeds and reference

breeds
JNH Jap Qua JRH Mong Tho
JNH - 0.1821 0.1614 0.0868 0.0438 0.1314
Jap 0.5616 - 0.1812 0.1357 0.1218 0.1139
Qua 0.6054 0.4805 - 0.0513 0.1150 0.0697
JRH 0.3140 0.4206 0.2199 - 0.0802 0.0397
Mong 0.1753 0.4136 0.3607 0.1697 - 0.1001

Tho 0.7824 0.6663 0.2717 0.2328 0.4028 -
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Fig 33. Neighbor-joinig tree Constracted Using Da genetic distance
matrix, showing the genetic relationships among the horse breeds.
Numbers indicates the bootstrap values in percentase.(1000)
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Fig 34. UPGMA tree, Da showing the genetic relationships among
the horse breeds.
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Fig 35. Neighbor—joining tree, Ds showing the genetic relationships

among the horse breeds.
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Fig 36. UPGMA tree, Ds, showing the genetic relationships among
the horse breeds.

JBH

_83_

IP:14.49.138.138, 2017-11-02 17:51:30



Fig. 37. Neighbor—joining dendrogram constructed from
allele-sharing distances among 362 individuals from 2 European, 3
Asian, 2 African taurines, and 2 Asian indicines, outgrouped as
Bali, Indonesian Bos banteng.
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Fig. 38. A neighbor—joining dendrogram was constructed from
allele-sharing distances among 224 individuals in 7 European Bos
taurus Breeds.
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Al 24 AFrke] JARE R AAAAE 7|HEH

) FAAE g5 4 DNA %

S7ARNE SRR dHE AR 10079 AFE FHAFANA e
Ak 40 % Fw W AxTE 60 Fol e Ao ZE DNAE FE3Hch

DNA F=WH2 &9 10 mlE EDTAERF Al@#o= s & NHC lysis
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= 7AW 15 ml tubed] %ol 0.1-1 ml TE Buffer® Az} g3 & F244273 0

2) MS#ke]o tigk PCR 5%

G Aol digk MSAAES] FF2 Table 113 #Zo] ZF MS %1 Primer
Ze+Ss A zetar Zh7e] W& %7 (denature, annealing, extension, cycles)S A A3}
of MS #99 ¢S FA T

PCR reaction< 0.2x0 tube®] Template DNA 50 ng, primer 2} 5 pmol, dNTP
ZF 250 pM. MgCl, 1.5 mM, KCl 40 mM, TrissHCI 10 mM, Tag DNA
polymerase 1.0 unitS 7}t PCR w8 %S 20 w= 243 PCR
reaction= thermo cyclerol 4] 94Col| A 487t denaturation A7l & TS 94T o A

15%7F DNA WAl (denaturation), 54 - 56°C 15%7} primer 2 (annealing), 72C

ol

=z 3L
Gl
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o /] 30%3%t FH(extension) 719 ¥FgS 303 A&3t) wpxuto g 72T A 5
B2 AFuSS F24389t. PCR A& 4T B#3HA Polyacrylamide 7 7]
G Eoll o]&stAtt
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Table 11. MS marker ¢} primer 2% ¥ 3 =7
MS ¢ PCR %% Primer % PCR Wg2%
ASB25 F: 5'-GAAACATTGGTACAGAGGCAGA-3’ Annealing: 56 C
R: 5'-TGCTCCTGCTCCTCTCTCAG-3’ Extension: 72 C
HMSS F: 5’ -TCAGACTCCTGGAACAAATCC-3’ Annealing: 52 T
R: 5'-CGTCAGAGTTCAAAGTAGAACCA-3’ Extension: 72 C
HTGT F: 5'-GCAGAACATCCCTCCTTG-3' Annealing: 58 C
R: 5"-ACTCTTCCACCCTGTCCT-3’ Extension: 72 C
F: 5’ -TGCTGCGAGTCAGTGGCT-3’ Annealing: 56 C
UCDEQ411 . ]
R: 3'-ATGCCTCACATCCCTGGGT-3' Extension: 72 T
UMOL0 F: 5" -CAGCCATTGGAAATCTACGTG-3’ Annealing: 56 C
R: 5'"-CCCAGGCTATATCCTTCTACAG-3’ Extension: 72 C
UMO12 F: 5 -TAAGGAATTTAGACTATGACTGAGGA-3' |Annealing: 54 C
R: 5'-ACTGTCAGGGGCCTGTATTT-3f Extension: 72 C
VHL20 F: 5'"-CAAGTCCTCTTACTTGAAGACTAG-3’ Annealing: 56 C
R: 5"-AACTCAGGGAGAATCTTCCTCAG-3’ Extension: 72 C
VHL209 F: 5’ -TCTTACATCCTTCCATTACAACTA-3’ Annealing: 46 T
R: 5'-TGATACATATGTACGTGAAAGGAT-3’ Extension: 46 C
VIAS-H39 F: 5" -AATGTGATTATAGCAGATAGGGTT-3' Annealing: 56 C
R: 5'-CTATCCAATCTTCACAATCATGTA-3’ Extension: 72 C
VIAS-H64 F: 5-CCCTCTCTCTCTCAAGTGCAA-3’ Annealing: 54 C
R: 5-TTTGTATTCTCCTCTTTACTTTCCA-3’ |Extension: 72 C
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3) Polyacrylamide 7|9 %53 MS <1xe]
ZFZ9 MS ¢ td #A-S Polyacrylamide gel (10% Acrylamide 20 ml,
ul APS, 20 ul TEMED)S w&3 1X TBE buffer® 15 mA, 3SWoll A 2A]

0
HEsok 4719 %S 3 & Silver stainingoll ¢dte] =Z XA bands 4 %A

£ Mo o] Qxte]
|5 F%H DNAY o] #o2 dspmlow wgste] ¥4jo] o] §3glch

THAZE E1E B R, AE] AlRES o]&ste] 24 SR PCRel 9%
MS#9] 533} Polyacrylamide X715 2% t#HIA] bands A4S &

5) XxAAY g5, 2¥stE o] ALHPE, probability of exclusion)
2]

AR BT A% EAL et 98T e 4hA zhow BA
n

-. PE by general exclusion probability
—-. PE in terms of power of allelic probability
—-. PE by one parent genotype unavailable

-. PE by given two parents, one offspring

6) A FAo wE AMAAE 9 AE 53

AdbEl microsatellite 29191 VIAS-H39, VHL20, ASB25, UCDEQ411,
UMO010, VIAS-H64, UMO012, HTG7, HMS5, VHL209 #9lel thst fFdx3 3
7He 918 PCRAHE SR.(MS 93 S3%)= ddkd ofv] /I 5% Primer

ZZ5 MSYHE o] &3}o] Polyacrylamide geloll Al A7) 52 3% 3L Silver
staining A8 ¥ AWEe FUI AR o] F S o] &35t UAAF S

th S FAldl ZF bandE9 AN H FAGY A4S AT
AxAA o] &84 (PE, Probability of exclusion)® 2 #8828 7HAES A3t
A e AAIEA dEiA B4e] gsH" F 471x] WH(PE by general

exclusion probability; PE in terms of power of allelic probability; PE by one
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parent genotype unavailable; PE by given two parents, one offspring,
Jamieson et al, 1997, Animal Genetics) 2. %2 W] n.3}e] 3 715} At}
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Table 12 Microsatellite 92 A% o Helxp=2} 21xFo] Ao

MS A CH2IQIR} %= Size(bp) [QIAIH]

VHLZ0 9 86[I1, 88[J1, 92[L1, 94[M]1, 96[N],
O8[01, 100[P], 102[Q1, 104[R1]

VIAS-H39 3 154[L], 158[M]1, 162[N]

ASB25 6 54[B], 72[K1, 74[L1, 76[M]1, 78[N1,
80[0]1, 82[P]

UCDEQ411 8 71031, 73[K1, 75[L1, 77[M]1, 79L[N1,
81[01, 83[P], 85[Q]

UMO10 10 87[K]1, 89[L]1, 91[M1, 93[N], 95[01,
97[P1, 99[Q1, 101[R1]1, 103[S1,
105[T]

VIAS-H64 12 67[B1, 75[F]1, 79[H], 81[I1, 83[J1,
85[K]1, 87[L]1, 89[M1, 91[N], 93[01],
97C[Q1, 99[R]

UMO12 5 OO[K1, 92[L]1, 94[M]1, 96[N1, 98[0]
HTG7 6 86[I], 88[J]1, 92[L1, 94[M], 96[N1,
98[0]

HMS5 3 84[L1, 86[M]1, 90[0]
VHL209 6 84[K1, 88[MI1, 90[NI1, 92[01, 96[Ql,
O8[R]
- 92 -
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Table 13. Microsatellite #FHYE o] &3 F7Fd MA 9 Fx4E

WA VHL VIAS ASB UCDEQ UM VIAS UM HIG7 HMS5 VHL
-20 -H39 -25 -411 -010 -He4 -012 -209

2002001 IQ LL IM XK LR IQ mwm JJ MO KN
2002002 IP LM KM XM LN 1J mwm JJ IM NN
2002003 PP LM LL XP LL IQ NN JJ L0 KN
2002004 PP LM MP KP LL IR M JJ LL KN
2002005 OP LL BL KXP LL QQ KM JJ IM KN
2002006 OP LL KM XP M IQ NN JJ MM NO
2002007 IQ LM KO XP NQ JN kM JJ IM KN
2002008 PP LL BL MO LR NR MmN JJ L0 KO
2002009 PP LN IM MP LL IQ NN JJ MM NQ
2002010 PP LL IM MP JQ M JJ MM NN
2002011 MP LM BM JN LT BI KN JL L0 KK
2002012 IM LN BL OP KM FJ KL MN LO KN
2002013 LO LM LL XN KL FN IM JL L0 OQ
2002014 II LN BB OP MN FQ KN IM MO NN
2002015 IM LL BL JP LQ HI M JO MO KK
2002016 MP LM BL 0P LN II IM JO IM NN
2002017 oQ LM LL PP KN IN KM MN LL KN
2002018 LP LL BL NP KL IN IM JL IM NO
2002019 oQ LL BL JO LN IN NN LO L0 KN
2002020 IM LM BL OP QR IQ IM JO IM NN
2002021 MP MN KL XO NQ IQ IM IO LL NN
2002022 10 LL BM XO LN IQ My JL LM NN
2002023 PP LL BL MP LR IR MmN JJ IM NN
2002024 IM LL BM JP QR JN KL JN IM KO
2002025 MP LL LL PP KM JQ MN  MN LL KK
2002026 PQ LL IL XM LL QR kM JJ MO KQ
2002027 PP LL IM JP QR M MN JL MO NO
2002028 II LL MN JO QR JQ KM MN MM KK
2002029 IM LM LL JN QR QQ KM MM IM KM
2002030 IQ LL MM OP PR 1J MM JJ L0 NQ
2002031 IQ MN Lp JP LN MN KN IM L0 00
2002032 IR LM BK 0P M JK IO MN MO NR
2002033 MM LM MP XN NS BN KL JL IM KM
2002034 MP NN L0 XO LN IN KN JN IM KN
2002035 MR LL LP OP IM HJ IM JL MM KN
2002036 oQ LL IM XN LN FN MO JJ IM KN
2002037 oQ LL IM OP QQ JJ NN JJ MO NQ
2002038 PP LL MM KM LL IQ mwm JJ IM NN
2002039 PR LL IM KXP NR JQ MN LN MM NO
2002040 PR LN IM JK NN FJ IM JN IM KM
2002041 QR LL IM KXP NQ MN MN LN MM KK
2002042 PR NN LL 00 LN M M JIM LL NP
2002043 II LN BN XO LN MN MN IM IM NO
2002044 IR LL BL 00 Lo NR MN LN LL NO
2002045 MR LL LL LP QQ NO Mo JJ IM 00
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2002046 PR LL MM KO RR IQ NN JL IO NN
2002047 MN LN IM [P NR JM NN LL L0 KQ
2002048 IM LL IN JN QR QQ NN MM IM KM

2002049 MQ LL BB JP LL FI kM JL LO NN
2002050 IM LN BL XO LL NQ NO LN IM NO
2002051 JM LL BO PP M HI MN JN LO KN
2002052 MQ LL LL NO RR HQ KN LM IL MN
2002053 II LN LL 0P Q HQ IM NN IO NO
2002054 MM MM IM PP QR IQ NN JN MO KN
2002055 JQ LL IN JP MN IQ KM MM LO NN
2002056 IP LM IN NO NN IQ MN M MO KN
2002057 JP LL IN PP MN IQ MN  MN LL KN
2002058 IM LN Lp JO LN MN MV LM L0 00
2002059 PR LL LP 00 KN HQ KN JL IM KM
2002060 LO LL M JJ IM JQ NN JN MO KO
2002061 LM LN NO JO LQ JN NO JN MM KR
2002062 II LM BL JK NQ FJ KO NO LL KN
2002063 IM LL KL MO NP NN NO MN LL KN
2002064 IM LL L0 XK NN FN MM JN IM KO

2002065 IM LL L0 XO QR BI IN LM L0 KK
2002066 IQ LM LL JJ NR IN KK MN LL NO
2002067 MR MM IM JJ NR JM KL JJ LL KK
2002068 IM LL MM JK LL JQ IL LL LL KN
2002069 MP LN MP M LL BJ IN JO IM 00
2002070 IR LL BM JO KL 1J KL JM I0 KM
2002071 RR LL IM JO KN BB M IM NO
2002072 IP LM LL JO KN HN MN IM IM KO

&

2002073 IQ LL LL JO LN IN IN JIM MM KN
2002074 IR LN MN JP KK BF NN JN IM KO
2002075 LL LL LL XN LL MN M JJ MM KN
2002076 IP LL MN XO 00 BF MmN JJ MM NO
2002077 MP LM LP KP KR QQ IM JJ IM NO
2002078 IM MN KN MP LN IN MN LN IM NN
2002079 IM LM IM 00 LL IN IN MM L0 MO
2002080 IQ LL BN JP oQ BH L0 JIM L0 MN
2002081 MP LL IM JP KO BJ M JJ IO NN
2002082 PR LN IM XO LL BN M JL IM NO
2002083 RR LN BL XO NO BN MM LM IM NN
2002084 PR LL MM JO (00] BR M M LL NN
2002085 MP NN KK XO MM FN MN M LL NQ
2002086 IR LN BL JO NN FN MN  MN IM NO
2002087 OP LL Lp JP KN JN KM MM IM KN
2002088 PR LN MN JP KK JN IL IM LL KN
2002089 PR LL LL JP LN NQ IM IM IM KO
2002090 MP LL BK XO LL QQ KL JJ IM OR
2002091 II LL kKP JO KK QQ MM IN 00 NN
2002092 RR LN LL JO (00] MM LL IM NO
2002093 PP LL BM XO NR II KM JJ IM OR
2002094 IM LM MM XO NR IN MM IM KN
2002095 RR LL MM XO 00] BB KM M IO KN

_94_

IP:14.49.138.138, 2017-11-02 17:51:30



2002096
2002097
2002098
2002099
2002100

MO KN
IM NN
LL KN
IM NN
L0 QR

LN IN
NN JO
oQ BB
KN NN
LL NQ
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Table 14. Aek(gebA]) el 7| A

A e

A MSHA S AP =G

H A VHL VIAS ASB UCDEQ UM VIAS UM HIG7 HMS5 VHL

-20 -H39 -25 -411 -010 -H64 -012 -209
2102501 MR LM LL PP KN NQ IM [IM LL 00
2102502 MR LM BP JO LN NN KM JM LM NO
2102503 IP LL LN KP NN QQ MO NO LL NO
2102504 PR MN LL PP KN NQ IM MN LM KO
2102505 MP LN LN KL KN JQ MN JN LM KN
2102506 MR LN LP OP LL JJ NO MM LL KO
2102507 MM LN LP OP KL 1J IM LN LL KO
2102508 MP LL LP PP KK JM MN LM LL KN
2102509 MP LN LP 00 LR JN IM LL LL 00
2102510 IP LN LL NP KN NN KM LN LM KP
2102511 PP LN LL OP KN QQ MM LN MM 00
2102512 MM LN OP JPp KN IN IN MM LL KN
2102513 PP LM LL KP KN NN IM MM LM KO
2102514 MR LN LL PP KK NN M MM LM KK
2102515 MP LM KP 00 KN NN KM M LL KO
2102516 MM LM LP PP NR JQ MN LN LM 00
2102517 MP LN LL PP KN NQ MN NN MO KO
2102518 MP NN LL KP KN IQ MM NN LM KO
2102519 JM LN LL OP KK MN MN JN LM KK
2102520 MP LN LP KP KM JN MN JM LM KN
2102521 PP LN LL KP NN IQ M MM LM NO
2102522 IM LM LP PP MN NQ MN MN LM NO
2102523 PP LL LL KO NQ JN MM NO LL KN
2102524 JM LL LP OP KL HQ IM [IM MM KO
2102525 MR LM LM PP KN JQ M MN LL KN
2102526 MM LN BL PP KL BN M MM LM KN
2102527 PQ LN BL JK KM BQ MN MN LM KQ
2102528 MP LN LL PP MN NQ MN MN LL KO
2102529 0P LL LL OP KN MQ MM LN LM KN
2102530 OP LL LL NP LN NN KM LN LL 00
2102531 PP LN LL KO NR JQ MM IN LL KN
2102532 MP MN LL JP KQ NQ IM JN LM KN
2102533 PR LM LL KP KR IN IM MM LL KO
2102534 MM LN BL MP KN QQ MN MO MO KO
2102535 MM LM KL KP NP NN MO MN LL oQ
2102536 MM LN LL KP KN MQ MN MN MO KK
2102537 MM LN BL KO NQ IN MN NO LO NO
2102538 JP LL LL JP KK JQ IM IM LL KK
2102539 IP MN LL KO KN QQ KM MN LM KN
2102540 MQ MN LL JK KQ IN MM IM Lo NO
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Table 15. WA 913 MS#9 e FRYTES] AAd =3
H A VHL VIAS ASB UCDEQ UM VIAS UM HTG7 HMS5 VHL &/
-20 -H39 -25 -411 -010 -He4 -012 -209 (M/F)
96000014 MM LN PP OP KL JN MN IM LL KO M
03000226 MP LN LL KP KN NQ M MN LM KO M
98000039 MR LM LL JO NQ IN M MM Lo NO M
96000009 PP LL PP MP LM JQ IM LM LM KK M
74000239 JR LL LP JO NL HN KL LL LM MO F
79000247 MQ LM BL JO QN 1J MN LO LO NN F
79000253 PR LM LL OP RK JN IN LL LM 00 F
80000217 MP LL LP MP LL HQ IM JL MM KK F
81000215 II MM KL KO MN QQ KM MN MM KN F
87000257 MR LN LP OP LX MN IN LN Lo KO F
87000258 MP LN LL KP QK IM MM NN LL KN F
87000262 IM LM LL JO RQ IN IM JN LL MN F
87000263 MR MM LL JK RL IQ IM JM LL KO F
88000269 PR LN LL OP KK NQ IM JL LM KO F
88000274 MP LL BL OP RK QQ MN JN OM KO F
89000289 OP LN LL 00 RR M MM JL LL NN F
89000290 JM LM LP KO RK MN KN M LM KN F
89000303 0P LL LP KN LL NQ KK LL LM oQ F
90000314 MM LM BL 00 QM II MN MO 00 NN F
01000326 QR LL BL M MM BQ KN MM LL oQ F
91000337 IP LM KL KO NK MQ KM JN LM NN F
92000442 IM LN BL MP RK MQ MN NO Lo KN F
93000463 PR LM LL OP RN NN KL LM LL 00 F
03000467 PP LL LL PP KQ M MN MN LL KN F
93000470 MP LN LL PP KM IQ KN MN LM KN F
03000471 PR LL LM JPp NR IN M MN LL NN F
93000472 MM LL BL MP KL BQ MN MM LM KN F
93000473 IP LL LN OP NN NQ KO MO LL NN F
93000477 MR LM LL PP MK JN IN LM LL KO F
03000478 MP LL BL OP QM JJ MN MO LL KN F
94000605 OR LL LL JO RN MN MM IM LL NN F
94000607 RR LM LN LP NN JN IM MO LL KO F
95000003 MR LL LL PP MK JN MM M LL KO F
95000005 MO LM LP MP RM JJ NN LM LM KO F
95000009 IP LM KP OP NM JQ KN MM LM KN F
95000010 JM LL LP JPp KN HJ IM [IM LL KM F
95000012 PP LN LP OP RM JQ MN M LL KN F
95000017 MM LL LL OP QK 1J IN MN LL KN F
95000019 MR LM LN LP NM JJ NO JM LL KN F
95000026 PR LM BL JN RN NQ KK JIM LM NN F
96000019 MP LL LL PP QM IQ MN  MN LL KN F
97000017 PR LM LL JO NN NQ KK JIM LL NN F
98000008 PR LM LM PP RN JN M MM LL NN F
98000033 I0 LL LL JN LN NN KK LM LM OP F
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Table 16. WA ¢} FRe] MS #919] AAH S o] &3 = FA A
WA £ =2 LR S By
(Progeny) (Sire) (Dam) (Probability)
2102501 93000226M 93000477F 1.00 ZIRE
2102502 96000014M 95000026F 1.00 ZIRE
2102503 93000226M 93000473F 1.00 IR}
2102504 93000226M 94000607F 1.00 PN
2102505 93000226M 95000019F 1.00 PN
2102506 96000014M 96000013F 1.00 ZIRE
2102507 96000014M 9500001 7F 1.00 ZIRE
2102508 96000014M 93000467F 1.00 ZIRE
2102509 96000014M 79000253F 1.00 IR}
2102510 93000226M 98000033F 1.00 PN
2102511 93000226M 88000269F 1.00 PN
2102512 ? 93000470F £, 89
2102513 93000226M 93000463F 1.00 ZIRE
2102514 93000226M 95000003F 1.00 ZIRE
2102515 96000014M 91000337F 0.90 MS 0]
2102516 93000226M 95000005F 1.00 PN
2102517 93000226M 88000274F 1.00 PN
2102518 93000226M 87000258F 1.00 ZIRE
2102519 93000226M 89000290F 1.00 ZIRE
2102520 93000226M 95000012F 1.00 ZIRE
2102521 93000226M 93000471F 1.00 IR}
2102522 93000226M 95000009F 1.00 PN
2102523 93000226M 93000478F 1.00 PN
2102524 93000226M 74000239F 1.00 ZIRE
2102525 93000226M 98000008F 1.00 ZIRE
2102526 93000226M 93000472F 1.00 ZIRE
2102527 93000226M 91000326F 1.00 IR}
2102528 93000226M 96000019F 1.00 PN
2102529 93000226M 94000605F 1.00 PN
2102530 93000226M 89000303F 1.00 ZIRE
2102531 93000226M 89000289F 1.00 ZIRE
2102532 93000226M 87000262F 1.00 ZIRE
2102533 93000226M 87000263F 1.00 IR}
2102534 93000226M 92000442F 1.00 PN
2102535 93000226M 79000222F 1.00 PN
2102536 93000226M 87000257F 1.00 ZIRE
2102537 93000226M 90000314F 1.00 ZIRE
2102538 93000226M 9500001 0F 1.00 ZIRE
2102539 93000226M 81000215F 1.00 IR}
2102540 93000226M 7900024 7F 1.00 PN
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Table 17. MS<9] 107] FHYE o] &

& frdArgel mE A" glo]A
284 ¥UkE A9 AR &E

ZL(PE, Probability of Exclusion)

Wy GEP PAP OPU TPO
MS3}H9] s7F | AsY| =7 54| 57 54| 57 754
VHL20 0.51359| 0.64524| 0.51359| 0.64524| 0.33752| 0.47140| 0.70137| 0.82247
VIAS-H39 | 0.30083| 0.22688| 0.30083| 0.22688| 0.15625| 0.09272| 0.45209| 0.36636
ABS25 0.29228| 0.53134| 0.29208| 0.53134| 0.13107| 0.35151| 0.46977| 0.72413
UCDEQ411 | 0.50163| 0.59343| 0.50153| 0.59343| 0.32155| 0.41545| 0.69507| 0.77376
UMO10 0.58866| 0.64404| 0.58856| 0.64404| 0.40990| 0.46977| 0.77363| 0.82482
VIAS-H64 | 0.56627| 0.70925| 0.56637| 0.70925| 0.38804| 0.54667| 0.75080| 0.87532
UMO12 0.44099| 0.49376| 0.44099| 0.49376| 0.26484| 0.31852| 0.62875| 0.67512
HTG7 0.50255| 0.48414| 0.50265| 0.48414| 0.32463| 0.30624| 0.68467| 0.66981
HMS5 0.23428| 0.33309| 0.23428| 0.33309| 0.11375| 0.19372| 0.36536| 0.48102
VHL209 0.42890| 0.45873| 0.42890| 0.45873| 0.26639| 0.28677| 0.59582| 0.64278

A} = | 0.99949] 0.99740| 0.99949| 0.99740| 0.98812| 0.96159| 1.00000| 0.99996

*. GEP, PE by general exclusion probability; PAP, PE in terms of power of allelic
probability; OPU, PE by one parent genotype unavailable; TPO, PE by given two
parents, one offspring)
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AFnr dEAYE A8t AFvE QR E AEE wpEo] dlske] 127191 (A a1, w i,
aa, F9, FA, 5 2% 2% uF A, T8 9 AdRhE SAse AAE 2s
e 2AEtg o, a8 g0 J|EXE 4 5(2002d)0] Rud A5S 83
Table 20. 43 A FHA7E
(49 cm)
T = 695 | 12¢€% | 18€% | 249% | 309% | 36¥= | 42¥% | 48¥
) £ 985 | 1091 | 1141 | 1161 | 1168 | 1176 | 1190 | 121.0
A 3 970 | 1076 | 1131 | 1159 | 117.7 | 1195 | 1218 | 1245
£ 99.1 | 1086 | 1123 | 1133 | 1133 | 1137 | 1147 | 1161
o 3 o983 | 1073 | 1114 | 1132 | 1145 | 1164 | 1188 | 1211
¢ | 1023 | 1130 | 1177 | 1190 | 1191 | 1191 | 1196 | 1204
al il
3 | 1008 | 1113 | 1164 | 1186 | 1195 | 1204 | 121.7 | 1230
.. £ | 1071 | 1233 | 1307 | 1334 | 1347 | 1365 | 1398 | 1444
¥
3 | 1053 | 1210 | 1284 | 1317 | 1337 | 1365 | 1408 | 146.1
5 4 = 40.7 477 50.9 52.2 52.9 53.7 55.0 56.4
3 39.8 46.7 50.3 52.0 53.2 54.7 56.7 59.1
.z LT 19.6 22.5 24.2 25.2 26.1 27.0 28.2 29.6
A 19.2 21.8 23.3 24.3 25.2 26.1 27.0 27.4
oo LT 25.0 29.1 31.4 32.8 33.8 34.8 36.0 37.1
R 24.4 28.4 30.7 32.2 33.7 35.4 375 39.8
R 27.8 335 36.3 37.7 38.7 39.7 41.3 43.0
i %
3 27.2 325 35.2 36.6 375 38.3 39.2 40.1
A 4 # 969 | 1117 | 1177 | 1190 | 1188 | 1191 | 1209 | 1239
J
) 9.0 | 1099 | 1158 | 1174 | 117.7 | 1187 | 1211 | 1249
- £ 36.4 40.8 42.9 439 446 455 46.8 485
3 36.4 40.8 432 445 45.3 46.2 472 485
. £ 12.9 14.2 14.7 14.8 14.7 146 145 143
3 13.1 145 15.1 15.3 15.3 15.3 15.3 152
o 2 30.8 345 36.3 36.8 36.8 36.7 36.6 36.4
) 30.3 34.0 35.7 36.4 36.7 37.2 37.9 38.8
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A 4 ZadAdE 2 ddFokof 7o ®
1 AxE dF7EExEe &
T = AN AR 2 HE
» v FF9 474 2 DNA +H]
1AdE O AFv 5ol RAPD - gejnal % uv}, 450
(2000-2001) A A 2 - dHOoFHES DNA & 4 A
HgAR B » FF1He] RAPD &4 i
- BSHl m& FF3F FdAY F4
» AA microsatellite X ¢ HA
- ‘Ub] FARA A 2] microsatellite 2007 2914174
_ TR QoA e AlFnt Mool vy gt
O Microsatellite - & - t8A 5 9Hle =37, AA PCR 348 5&
A9l 273 s}
- S8A4d A A
- 209 #HYES doer I AFulel FHxF
S A4
= 1ol o - » BFEES A% AFrE Fe] AN A8 AL
AT R 1% T S o A ga g
AR IS S GhAE A", RdE 8D, A=)
2hdw  OAFTE Kol EAel » BF 5ol RAPDGAL] g7 d A
b o 3} o =1 - %% E‘o] RAPD J'X] O]Z}' 'ET ;g Zﬂ
(2001-2002) Ael BB S e 9 g Ag
et - GenBank homology 21?1
» A¥E  microsatellited] ™3 multiplex PCR
O A ¥ ®lmicrosatellite ijﬂi/}éﬁjg} 27 we ) A% ox
o= 3 oA s W7, primer = =
jg :acjltu EHm o_r;q PCR %% %7, primerdtel Aun4 ong
}‘o = =< Al xd@g]_o;] PCR /\1/\] tﬂ X424 PCR Zo:%}_?‘j
ATEA S 7}A = primer setE ZUL
» dHFHAA HlEe] uE *ﬁz‘p‘r kel AAaA FA4
» A A ARE "R oR 3 V|x 55 59
o 2 A EAE Y] database 75
OAFI NZEE, Al zAl AnE vgom AFu 5% A
Al AR, 55 7l g9
AA 2 » AT SEAA EH
- X4dy AAL AT, AAFY Sl ok
TE s AA 9
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T = AN AT AL E 2 HY
» AFul5o] @H e 414 PCR primer A7
; - AFul o] @] HAVIAMES nwyge=z Al
Z{ = = E b= e .
32k Ole ]—;:} _'POC]R %j—l; %} primer set 24
(2002-2003) 7% P - A9 primerg °]&% PCR %27 &7
o - E3d g5 AAES o3 EFESoA A
d gl
» A Al 2dl S)E]
- 7AW A=l Wg microsatellite 7%
Ay AA
O 9% microsatellite - ATAT} gl MAE g FxE gfef 2
FAaAE S o] 83 ZHAIWN R A 2Fe] vl
27 9 7 A = 7AW A doled ER1 9 xRN o g
A A A eagE F4
» JNA So] FHAE AA
AFar el AAEe] gk microsatellite 2
SollAe A8 A4
e - » AFuE FEAAU] HAFPE Y AAAE Fd2E
OMA x5 o] o] o] &
=<8 At ~ Microsatellitex$] ol gt AAE FH1A
dE55 AAY S vgo =z JiA & AA g
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