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ABSTRACT

Miniature pigs are a small and improved variety of regular pigs and are currently widely used as pets. With the development of
medicine and biotechnology following the completion of the human genome project, the use of miniature pigs has become more
specific and the scope of use has expanded. Since many experimental animals need to use mini pigs as experimental animals,
miniature pigs, which are more expensive than mice, have the disadvantage of being less useful due to higher production
costs. Therefore, miniaturization is urgent to increase the value of use as an experimental animal. To miniaturize mini pigs,
factors that can change at the gene or DNA level must be found, and feed types and nutrition must be improved by indicators
rather than other environmental changes. In this article, we investigated the growth characteristics of miniature pigs by breed
to find genetic indicators for the miniaturization of miniature pigs. In the case of eight breeds known as major miniature pigs,
the characteristics of each breed were classified and the growth characteristics of this breed were encapsulated. Furthermore,
biological comparisons of regular pigs, micro pigs, and miniature pigs were carried out, and finally, the effects on pig growth
were investigated and explained. Through this study, it is expected that the cause of the growth difference between mini pigs and
ordinary pigs will be identified and basic data will be provided as an indicator of miniature pigs' miniaturization by analyzing and
organizing factors that can affect the varieties, origin, and growth of miniature pigs.
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S0l & uf 11 0|87/ THE o S ETHE HojuThal & 4= Qlok SER[RH 7 2710 70|14l & F4 o 2 n|u=l
A 9] 4343} 7S Aldgstol o, 71 o]-8/dol AANA - 2Jgh] - 714 Ql Agto] WokA 11 0]-8-2 F5] A§H 0 & o] Foi%]
AL, A 0 2 A5 7 52401 ARl EE 2 A2 o]&o] ohd olighsERA] T de] o] &= it

SEA|eE 2] oJsto] ¥hds}al, HGP (human genome project)”t a0 917+ 37 of] thgh A7} gh Hoj wa} A
g} 7|go] 4= WdshA| E 1, To] whebA nuUsR] 2] o] 87 TS AAAS 2] E AT whebA] mlusiA]e] £
gt o FAIARI 24 S ZHA| H| UL, o &7 o FRILIsh AT nlUEIAE oA o]E47] Adatelut Hlato] Aln}
oA HAAR HhS 2| 522 7idho] 7hsstal, SHad nly=i7|e] AJrto = QI7ke] AW mulz Aol S8 53t AW X]
A|o] 7 7hsatet ek AlE 2 oJekEo] 53t oM ks ISt A EE=A] nlUsiR| o] &-8o] 7Fsatar, Ut e
5} Q1 oA BlUElR] 2] AE 52 A19] o] &2 ull- P 9lsit.

1o o ol o

8317 9JsiAts Bzakel nlushxo) AJato] 7ok S1L, ol 5 Alo] AEE Aol BHA line 2% 4 YES 7| 2ER
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1 740] L, At o2 2ske ole Aio] 7hs5al] D Zoltk. b, 2 giola nlUshxe) Agske

7] 9lalod plUsiA|e) AAEAS wela, bsliele] vl s Fat Aol Ajols FE 5K
-

ol
|\
e
2
X

i

il

=

fo

= OlU=iA| 9] 7|42 Bs]aL, @AV e 52 *1tsto] mlusR| o] S49S Hhel=t] 1 A WA F2{0] Sl
AUsiA= I gEiud785d HollA] LrtsR|er 2 2fol S ERltt. dRtei]ef nlusiA] ZHe] 7gAtol S st A%l

S, UlUhA) o] S BATSH, A Aol Bat RS oA Auleixiete] o] Ho)2 E 4 9l 2912 T
T3k 77 AAIE gl vl siRleh AuteiA) s 1A 0 2 lgEe) F]o) sjolrt glom, A A AFeIME 1 EYE

132 4] 29l EAsk=t 71228 = 0|82
e T 2UE2 TAokL, FAA o2 njusx|e} rt=A]
o} /g7l atel g F= A1A]1 2115 FAshE 2otk oA BrelRl nlusiA| o) F5at 54 T12aL dRtshA| 2k A7t
o2} ole] A ]l 2R HAE Tl HFA 22 FEAHES At

ol G nlxl= FEAFAIA A2 72 ) 447 (Bone development) 2 1 SHojlA] o] 2o R{ct. wluj=hz] of AYA]
AE o] & A Q1 A= AdollA = A = AR mlusiA] = LRtA] e} vl wgle w, Bjotd Al AR E 2 T o]iRE A

)
i

126 - Journal of Animal Breeding and Genomics Vol. 5, No. 4, 2021



Study of The Growth Related Characteristics in Miniature Pigs

710l 2ol7} QU= 7o 2 BT, 2l B4 ofja} T2 Al2) el 7|20l s A7 EAIst 4 9l Dwarfismo]
ohd, Antshlolq B 2@l 2717} F4 el nUsiAE 28] 37)7}opd BAe] 370l ke ol fAA
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Table 1. Classification by chronological development of the world's major miniature pig breeds

ey 1950 th 1960 Th 1970dth 1980 ch
o= oju)|AE} cfel S A Hormel

0= (52)u] EQE 5o AJoF Pitman-

Moore

0] (F)AdZ 217] Hanford A4 Hanford

= 170 st Gottingen

AR (F)LE 7= d7ta Ohmini

n|= Z2ete Fos Yucatan

Mini

0] =+ NIH NIH Mini

e e e CLAWN

1) vjul4EHormel) 2]Y=HA]

2|z n|ysz] 7k Al = ml=ol| A AJ2FE] =T, o)< o] u| 4L thghe] Mayo Clinic B SAFS-2 3t 48 9|5 Al
3 FE2 ARSSIE 7t AlRdolA| 717k S B2 HIAE AT EEMN ARSStAL ST 22 Al g0l SAY
S 5P7lolle HEo gz LR A A 2l5o0] 33 FAY 2ot koA aaFo| Al gAK 2R giz)e We s »
717 =] Ak, wheha] oju|4e} chste] Sl(Hormel) iAol 2] 2J5te] 1949 EE] nju=]z] 2] 7Hto] Al2=] 9ltHPanepinto
& Linda, 1996). 0% o]uf|4E} ojyshz]= 19650 njFe|tfsto 2 2ozl om, of 7]l 1970\ th7kA] o) Ftol|A] 2] A
o] FIANTE ZRleh & w|af 852 MBI 19914 o] E 2= Akl T S 95t wHiSETS A5t 18]
L} 199410 nj 2] chste] ojushz]i= A Zeof Aol oJsf Q14E] it gk, njulAete] njusa] E7-2 197300 48414
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o] FA=HA 78 Fdheto = JE|A] 507, EIA] 2057 EFE AT A AZEL el 2 FART: wheba 7 2715
1] o] fAIE B2 AZIL oftio] musiR2ar o 4= Qlth. o] =3 5 24771 200418 =0f] =12 AETigta o=
G HZF AT 22420041 8ol 2E 1005 7E.0f AIZFAL o] o (=<to] w21, n]52] 4-2jthgte] National Swine
Research Center2 125F5Fe] 2= A th(Figure 1).

OTA STATE F-

Figure 1. Hormel miniature pig (URL: http://pannonminipig.hu).

2) Z=(Hanford) v]U=]

ShH, T2 A)7]0] 91/ E9] & A (Hanford Lab)= 1958\ T ERE o] Ejz|et £8jA] & 7] 250 2 n|L=)Z]
S /93t & Folz|ofutF=] £A|=)A] (Swamp hog)E =5t AP Eol= WS AAEHITHSwindle et al., 1994).

AU R]= 1408 ol A2, o)A, A A, o] 27| 5-0] AALR A5 AdElo] §AIAI7]AL QAT 22 3z

LA E o] =5 1960 ZHloj Battele Memorial Institute 2 @751, 0] =2 thA] 19821 0] mjAkA| = 0] &

2jH Afol| AR A Z2l|o] AL 200210 o] Evkg AT H AFZEE] QI4ah A, A2 2 n|UshA] = 2Hd 5] o)

852 AAste Eto] fA=| 2 JlckFigure 2).
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Figure 2. Hanford miniature pig (URL: https.//sinclairresearch.com).

3) 971HYucatan) #|U=)7]

F7HE uUE2) = WA 2GR Gol|A] #|Fo] 40~70 kgl A% F- WA A FR150] ofal] 2] 2 L]ofR o|FEato] 1950
OHRE] ARSI AT S2ete FHuiske 1970 0] ] yolol|A] f7tet nlUs=f| & Esto] Ev-& B/dotitHFigure
3)(Swindle et al., 1994). 12U A F 50| o] 82 F2alw o] 97}t njy=fz)= 1986H0] 2] Zuofe] S&C Farm, 1995
of| m|3=2]|3=2] Hio] Q& A}, 20021d0]] niQIFo] AT H ALz FYE| I T2{u} 0] S Hio] &) ARe] m]UelR] = BIARASE
9] Lone Star AR, ZA2|H Abe] BlUs)z]= 420} Abz mizt=] ek @) HAFoll= <ol Sol2 tid Tate] wit
02 ofjxo] foet 3-8 2lokE: 4 9ltKStricker-Krongrad&Shoemake & Bouchard, 2016).
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Micro Yucatan

Gray Yucatan White Yucatan

Figure 3. Yucatan miniature pig
(URL: https://sinclairresearch.com, https.//americanminipigassociation.com/).

4) 2)&A(Gottingen) BIU=)A]

A7 vU=H2]= 1960 ol S o] - tistol|A] rlu|Aet nlu=iA|ot 5 2o HIEE 2EWE] 018 7|25+
o2 855 nuy=R]o|ct. #R] g 0 2 =] 1 = A" 7 o)y = §lat3.9] Ellegaard AFF S5}l QIeHFigure 4).

ShH, n|=ko] ZAH|, 7l 5] ofjhg F-E-8 AYAHS|AL Tolish= Marshall FarmS #lAlH|o]Ujo}3z0] Ellegaard Minipigs
USA. Inc.2h= 3JARE A sto] 2002 ol M7 =2 S gt 25 E QJAlsto] 44 o= s skl Qlok

Figure 4. Gottingen miniature pig (URL: https://en.wikipedia.org).

5) 32+&(CLAWN) =]Y=H7]

U29] 2tk nlysll= Sdo] MY njuU=iz|er di2o] @ny nU=iA]E wHlig F13} sieeo] A9t tf 2 944 9] F1&
712540 2 arfsiA 2= AlSolth ZIatAlH et & aHE ol w9l UF Al 2A15] 3 Fofl ofsl, 7 15, A 255
AlZto 2 1978 R A& A o2 fAJH EFolrh G 1 B2 w#]of HAlof 5k AR, 106 o/do] At
A ZaAlE o = S E Sl 1990\dolls 471 25, AR 2571 7 1A SN e 2 2 Tk T E/ol thsiAl=
ZFIA A} oSkt ZRIA kA SRR OlA] A7 o] o HTt. B, 1996 d0lE ZFIAIRA SAMAIAolA Bl =H|AIE
o] zgjAlRl (F)AfHigo 2 £7] 25, AF 457} B ]dch 20014 A Ske AAe] /B 2 Aol A= B2l
SAES Alkskar A, oF 4005F-9] Zeke nlU=iA] S ARSSaL QlekFigure 5).
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Figure 5. CLAWN miniature pig (Ide et al., 2013).

6) 2114 (Oh-mini) 2]U=)Z]

19601t Y o] 9.90] 5| ZA|(YE 7FEATA) = U=z 7HE =28 Hatal, GA] YR njyshz] /i We s
QAT T3t mUghA] 7io] s} Bho mgo] & Zlojah= Eilslo] YR 2] 20] njujhz] 7ol 243t 194214 2 g
1960W17H2] RISt F= 5550 QIE Telz], £35] 43 9] Hj2|E 7| 2E10 2 o] 8513l tHFigure 6)(Panepinto, 1996).

o] A A]= A T | o] SRR (frffu; o= A 4~ Qle ThE AR S 2 A 7|2 =7 B4 Folle 2
£ &0)7] 93t T Bl E 519 o0, 855 3of| ulebA] JATH At} ZEf7) o] ZojF om At 7|0 2= Tk HhEE,
Ash= A5 2 AP Ro] 12 7iA), HAA 52 FEo]ithBollen&Hansen & Alstrup, 2010).

oUghz] 7HEke 19619 5E] AA5H) o m) 23 wufo]l whE 2 E|sh FAhe FEsla, R 02 g E AlES 2HES]o]
197180}l 20]u}(Ohmini)2ks M2 o]U=hz| S 7iasigict

Quy ojuyshz|e] 7Holl= (A A7, (F)chteAefed, ()Y 7HEdTtA 52 73] Zofsklct. o=l
7HE R A] @u|Us 3742] S0l FERER QI WA ujus YRoAM 802 7t njy=hz|eke Zo|lct &
A RE o]y ojyghz)7} 2u7ix] BaE e njusiz|oks e the 28 AlEe] EEo]lom, npx|uto 2 279 n]
UsA] 7k Q1zke] BEAIS-S BR 2 SF IR 20y njysiz)e Bt 2R 5] B5S ER 2 ot AN = AF
o] of 35 kg A== GAZAM = 71 2R FF0] shtE 7 Qlch ey ekal Hget 22, 7 Soll RSt o)=ke] kskat
7} 9747l 'Oh! mini'2tal 2t ZojlA fafietchs oflu 47} ek dAf 2oy giz] B 7 guvto]oj7kal Q).

Figure 6. Ohmini miniature pig (Panepinto, 1996).
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2, O|L|EHX|e] 25

1950t 2] U] AE} HUEiR]E A F2 1960  tholli= A 2FARe] o] EXkRo] njyshA] (F)A €4 7] Hanford A4
& ujyshz], 1970dthe] £ A7 chste] njysi7], d2o] (F)Per k54 enly, nl=e] §71ek niy=iA], vl=;
O] NIHP|Y=HA|7F 2ol 2 7= . 1980 toll= nl=he] frlekntol 22, A&of ek u|y=§2|7} 7iEE HE Qlct. o]
2t njU=l2 52 152 o] 8540 ufetA FHolu 27|17 HhEA S35}l

z7) 7N njyshz)= AAFo) AlAIF T AR RA1E SRR STE QI 12y oS540 &1t RO AP 80 ®
)7} -8olgh 22 F7]9] n|UshR|7} &£ PEEHA X A=A 0] 60~80 kgol T HIY=HA| 7 A|F: 25~40 kgZ7kA] 2] vf
o|3& ny=hA]7} 7= ITHTable 2)(Bollen et al., 2010, Panepinto, 1996, Stricker-Krongrad et al., 2016, Swindle et al.,
1994).

Table 2. Weight division of the world's major miniature pig breeds

=2 | AZ(kg) 25~40 kg 40~60 kg 60~80 kg
Y7 (Gotingen) O

3l & (Hanford) O
o]u|AEr & (Hormel) O
NIH B]U=)=] O
87}k (Yucatan Mini) O

f7FeH(Yucatan Micro)
0]y (Ohmini)
F22(CLAWN)

00O

t] Uo7} ao] 2 7]&o] 21 o] whe} -frd bt = S 2 dH n|UE]R] 9] 7= o] FofAHA] BlUE]A] = d5AlE
= AAF 22t ol w2t Ao 2 2554 )k

utebA, d=AS(127012%) 60~80 kgl HIU=HAIE A 1AIEHe] wjy=izltar dhobd 21 - 7 S o] g7l rl=2]
F7HE U ER = 1270 o) AlEe] 30 kg S22 T 238} Hof, ARgo] Folgh o] &8 nUslA| = AlAlol A 71 Bo] AF
SE3L 3l o522 AH2A | rlysiA|ZaL & 4= Qlok. Do @njuyu J2k njysiA]| = ol S0tk 5k A2A 7]
of mlyehl= Al o] 2321 d Risl ABAIE rlU=iRl= A Z0] B 2h2 7k ofuzt 394 Sol/d = 7FAI AL it} F2 AR
7} Z71014 75 £ o2 ul=k NIH (National Institutes of Health)ollA 7HHe 3= 22| A3 B3| (MHC; Major
Histocompatibility Complex) =A% olY=HA]0] 1, MHCHHAF-S 14t Zlo|tt. o] 5 nlyshz]= 23 Al St ki
£ Al&ste] 22 Zlolt. ofofl tistod Al mIUElA]E, 22 7iEE A8 e ol 83 fARA niUERI & A4
Al 255l ok

OjLigix|e] SBEE A+

1. 0jL|=lx] 58 9E5E

1) mJull&E E]Y=R7]

]| A} chfghe] nju=iA] g4t A2l Mayo B9 ATx152] o ofa 2|3 A= it L. M. Winter =2 1949
Hormel $-7-40llxf= my=hz] 7 ¢dto]] 2H4=51A] =] et dehaint(Guinea pig)2] 0P =29} Catalina A2 7HEFE:
Chester WhiteE 7]% S-2} wulf A|Z1 01, 3717} 2 7ixlE-2 ejAIZTh o] 2|0 u==2] Piney Woods ¥iA]+=1951'A2t
19534, & Holl 244 S3-& YAz, o= vlFolA B& 4 e HHAEF Hlwd 2t7] wiizo|thBollen et al., 2010,
Tumbleson & Schook, 1996).
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19570}l 3 oP 521 Rasn-lansa F:0] 4HA Fo|&} npx|uf =QJF0 &2 Ztof] EQJE|Ql) o] & 2 223 7]9] A
7I&0 & SEE|QITh A2 A2 A4 9] o] 7oA = A4 Tl d S 7 B 5 ok Ae FEE AAE R By
7] Zt Aol =YW E=3} 24 7)o == Table 31} ZTHTumbleson & Schook, 1996).

A5 240 9] 25k Al = A= AT A2 =42 Aol oJal Bjold ZixERe = A =|Qich nly=h2]E
et Ftol =3 =252 2k n|akE Tt o & ARt Ento = AA|E QI A 27] 3k njy=iz] o] 4712] &
2443} 153 & ojU=R] A4 7He] 327 Wistake Table 49F ZHtHTumbleson & Schook, 1996).

1961 o] % n|y=2] 9] 4442 Table 52t 2. 564 &2 14097 A|Z-0] 2 S7Iohe AHE H=t, o= 2 A= g
ZgHolo] oJgk 7o 2 ZAJE et

FoA = Bi=Hieh o] B Abrjgroll = 137} GIA|RE ZF2ke] U A5~ oA sk S & 4= Qlrk 1961H0ll=
g 7R AAIE miel vwsto] 29969] A% A4S B 1409 %‘94 A5 19621 o] 31 d7ke] Afof|A] 40% rae-Z

O‘] 242 A7120] A2 A5 o| Attal & 4= Qi 14095 o] % 52 HU=HA|E o] -8l 717 A2 T AFARSolA i

93k ALgolc). TRt Yot AAlsh n| 7 AkE=e] A|Foll chet Z k= Table 62 ZTHTumbleson & SChOOk, 199%).

Table 6ol Hi=vfel Zro] 2utk A Qtez| o] A5-2 90 kg7 eo|H, A4 0= A|5e] Ho|7t 2 AS & 4= Itk H|E 1
$71 E057 = FANHE nfe] SEjA[E2 120 kgZhA] W e AEE AT 2 o] A=iRE2 90 kg 145011*1 THEAA
SHAAT 2~3dg o] U AERR]E-2 140 kg A =ollA wHiE= A= It Tumbleson & Schook, 1996).

Table 3. Varieties introduced in the creation of miniature pig herd and estimated contribution

=35 A= SEA A=A FA7191=(%)
Piney Woods 1951, 1953 3 5 46
Ras-n-lansa 1957 - 2 20
Catalina 19494 1 - 19

Guinea 19499 - 4 15

Table 4. Changes in miniature pig performance for 15 years

32 A& 3zt 444 159 & 44 HaE&(%)

B} Az 6.85 645 6.0

AAF 0.9 kg 0.73 18.7

5643 A5 8.0kg 57kg 28.4

14095 A% 30.3 kg 18.3kg 39.7

Table 5. Performance of miniature pigs after 1961

A= B AbR}p4 A (kg) 5627 25 (kg) 14043 AF(kg)
1962 99 6.4 0.74 54£2.0 16.4+7.6
1963 94 6.5 0.73 5.8+22 17.5+9.1
1964 93 6.3 0.71 6.0£2.0 20.31+9.3
Table 6. Mean body weight of 6 and 9 month old miniature pigs and pre-determined sows

sile 671 L £

- T Aske) FFHA e Askg) EEHA 4R Askg) FEHA
1962 293 27.9 13.5 260 58.2 7.6 97 87.3 1.8
1963 271 28.3 13.8 244 60.7 20.0 91 90.3 14.0
1964 192 24.3 11.3 155 50.0 27.3 93 90.6 174
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Figure 73} Table 72 22 27102 ARSH n|ysz]e}t o]y AE} No.19] /37444 Bawste] Lebd ZolcTumbleson
& Schook, 1996). 140¥ 7 A2 n|uefz]7} LHbef 2] Q1 m]u|AE} No.1 #|%0] 31% 74 = U7 = 71 0 2 UERttHTumbleson

& Schook, 1996).
100
80 b 0| 4| 2E} No.1
60 r
(@]
"4
40 r O] LI Sh x|
20 |
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B 2 4 w6 §F 10 12 14 16 18 28
4

Figure 7. Growth curve of miniature pigs and Minnesota No. 1 pigs.

Table 7. Comparison of growth performance of mini-pigs and regular pigs according to age

= a3 04| AE} No. 1 EISER 0| Y=HR] A5
e ZAES A F(kg) E N A% (kg) Ak A ] H]-&(%)
YA 36 1.31 9 0.84 64
3% 21 6.0 8 34 56
639 21 12.2 6 5.9 48

= 21 16.1 6 6.6 41
105 21 23.4 6 9.5 41
1253 21 339 6 12.6 37
1455 21 45.7 6 15.1 33
1659 21 54.7 6 21.0 38
1857 21 69.8 6 23.5 34
2055 21 81.7 6 29.8 36

Figure 82 2Rt 3484 S A AFSH Hol5 LPE}LH oM, mulaE SRS S4 2= UERA 30| 3, Table 8
< oJA& 71E o= 273 nju|aE} U] o] A d Aol

njulaset vly=lz]e] B2 977k AlE-S A H 2 A} Figure 99+ 22 Z1HE
oF 50 kgell @b 2102 WEE|ItHHook Jr et al., 1979).

mlo

5 AU, HF AFo] Ht

Figure 8. Body measurement region of Hormel pig.
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Table 8. Body measurement result of Hormel pigs by week old

2393

Ay Al 455 2035 3853
A % (kg)
A A 0.87 +0.24 3.86 + 1.32 228 +57 51.0 +13.3
SEZ] 0.89 & 0.24 401 + 1.37 204 + 4.4 47+98
=R 0.86 + 0.25 371 £ 1.31 25.2 + 6.0 60.8 +9.9
7I5Ed (cm)
A A 21+2 3545 64+ 7 91+ 11
SEA] 21 +2 36 +5 61+5 85+ 8
A=) 21+2 35+ 4 67 +7 99 + 8
A 2 (cm)
A 14+1 23+ 3 43+ 3 56 + 4
S| 14+1 23+ 3 49+ 55 + 4
otez| 14+1 2+72 44+ 4 58 42
t}2]Zo] (cm)
A A 7 +1 13+2 2542 36 + 4
SEA] 7+1 13+2 24 +2 33+3
o)A 7+1 1242 26 + 3 39+ 3
A & (cm)
A A 24+ 2 D +6 78+5 99 +9
SEZ]| 24+ 2 4 +7 77+5 95+ 8
A=A 24 + 2 41+ 6 80+ 6 104 + 8
70
60
50
2 40
Ko 30
v
20
10
0
0 5 10 15 20 25 30 35 38
8 (F)
Figure 9. Weight graph from postnatal to 9 months of age.
2) AE= ojy=lz]o] 7t

= vUHA]= F vl2)2] Palouse AEfAI2F g HF2] 2] Pitman-Moore 58X 2 7| 2572 TV/doH3iTt A HA) arHle] F1o]
A2 15 ofn]e] 2/3 o1 {ct. Pitman-Moore®} PR HA| 2 B2 B RAS 2= o] 52 T & 3] RAS 2| U= Fo] Ao}
U==2] swamp hoge} wHi=| et 7:7ke] AEhE S8l Aake e =] o] 282 22 E7dollA ARSgt Pitman-Moore 1]
Lshz|e 2] S5t

RIARI o] A2 140272 AT, 737/, wl ke, w) A, A, B, A A a2 of2] 7HA] 2R1Eel| 7]1&s)o] o] FofAlth &
WA= 10~20% =T wHlle ZX =7 D7 ]71o] oA A] R AlEsiith
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2-1) Aut g4
Agoll= rlyel| oA Aighgol & AA lﬂ%i%ﬂl 65 7HA (O1F A7) = dLEoiFE 0.23 kg 2 5131, 677 € 32
F7H] 045 kg L1l N7 = L 0.9 kg ALRS Fo] sIITh 1402835 o] A5 Fofdh e njuysfjz| o] 4|52

32 kgolRJtt. 7] 712&wt} ol & ZP%—J 7% sffel Aek= Figure 102+ 2t 2 Ago] o] 8EE o2 E5E52] AH=/d4
2 Table 99} 2t}

300
Palouse
250 |
alouse-Moore
T Palouse WBEE
2 150
Palouse-Moore2t Hanford
e D] LS X| (I3 20
80 F
O 1 1 1 1 1
0 12 24 36
— =

Figure 10. Comparison of the weights of pigs used to develop the Hanford pigs.

Table 9. Number of birth and weight for Palouse X Pitman-Moore, Pitman-Moore, Hanford and Hanford X Labco breeds

==z = 2] 7HAG A5

° B A e B olgFs AIAAZF () R4 A5 (ke)
Palouse 9.7 7.3 1,410 13.3
Palouse X Pitman-Moore 6 7.8 6.7 1,233 11.7
Pitman-Moore
AekZol 102 6.0 4.8 760 5.9
Handord
Ajgtgo] 54 6.0 4.1 672 6.4
FAgEo] 26 7.0 5.0 705 7.2
Hanford X Labco
Aol 10 7.2 6.6 698 5.8

3) R7H nly=hz]2] £/

31) YEARI 544

S A Hof ot 77 AAIA]Q] f7HE nU Rl = A E- 254 ALE fisto] fAIE ofglth o] &2 WA F.o] Hgl
+ HAI2kaL St HA = Frontera 4] 2] {7 2 28 918 x| o] A&E55 of-gsto] rlUs)z]| 9] 7| 2Ewto] 24
= 3ie}. d3Ae] {7t njusiA= "o] gloH, 7] 412 et s 7L itk B2 T2t & of 7| 2011]

Swattle)e 7HA AL Q= —.7‘101 »1‘:} —‘E —‘?——t— ot ¥ 1to] A gtslm, EH—‘,ﬂ—.—_J the F50IM U= =7 S
o A7} Ak ol 5 5ol 4 =2 /RS HR7] 494 AUl
A 7AstolA] ARo] %ol"é l’-‘i‘?_} OME} 0?9101]/\1 AbgE e OE F5E0 HIOH & S o 52 | gttt
(Bollen et al., 2010, Panepinto & Phillips, 1986).

o, 3t o oflA] Arle 2jol & HolA| E=d, 4EiA] 9] 749 723 22 2+ 9] plate” | of 7l R-2fol 'EEsh Uk HA] 1
F7LEAA S @] A il 2A8HA K502 ZPASHE AJul A 7RIk Ad5shAl T 3 emt Ee FAI9] 24
A jE= 2ol JE| o] 9ol & o FEH L FAsH RS 7R AL ek oAb 7]5 5782 flgt o= 18~23°C Y=
o] v A wSeek P B2 /o] B42lol.

£
_;
EL
r
o
>h~
10
ol
re
H
i
ek g
i)
i"
zQ
H
ol o
)
é”.:
ﬁ
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32) f7FEr nlU=hz| o] BAL s

F2ete FE R njUEz] Moo B i AR (A= 6.12+1.78%F o]tk HARES] i AlkeE 6.221+2.13%F
o], n|ZAAHES] HHF A4t 596+1.035%0]tHReitman et al., 1982).

U7 20200, AA17|7H2 110~115% Aot 442 dut EF-5ak= 2ol & Kol=d], 478570l /3 4
o] A5k 3 WA o] dgoll= FAI7H R 27] whZoll(e7HE e Al F 20 kg)oll T2 msh= 2] £t

o, 4= 3t WA AT 0742017 kg (0=50)0|H, 6083 2] Wt o]-7-A] A1F-2 6.4722.10 kgo|t}. o|2fet Arh= o Ay
AJA% 0.8740.242 LERE Hormel B]U=A| 2otk ozt 2kom (.71 kgO 2 B i = njusx]o] B]3]| 27 A2 3] o]},

33) /7HEr nly=hz|e] 7 E4

H= 650)|A] Hiold, 33uta|e] A7|=iA] o] A4 A9 A3tE Table 100 LERARIAL, 12T S Figure 113} Zo] LreRLy
At eutzle] EfA| e} sute] o] EjR| = A E 7| 2E o] BE AREE2 2P Hejofel Aol A] Ejoj it

7R EC] A7 B2 5742 SAAIRE] o[ A7 AFE 74 E|glon, 42 e AdAje] ofol A=t
S vl AE} nju=iR] el np7 ] &2 A2 FEE] Are]o] A|RHE7E| Q] o] 2 et or, 56 Bl AR
S X35hs §912 251, Al vl A 2E of7fo] o] 2+ Eol 5 SH =3Ik

1d59] o, el ] Wt BRARE 4919 kg o] .om, 2|t A7) 2] 4742 20~24 7ol o] o] Tt AR A] gk Ad&st 4
Eix|o] Wt AR 83112 kg o], 59~105 kge] HE LERHTE Ad<3t A=A ] it F5FA= 70112 kg o], 40~90
kgo| M9}E LrERALY, o2idt Ayk= 2~31d% 2] Hormel FIU=iA]2] Wi 5-5A1(90~136 kg) Bt 22 42*]ow, Pitman-
Moore P|U=H7] 2] Hat F5A(GE1A] 79 kg, F=4A] 70 kg)et v %3t AxbE YepA L lch

cm
70
60 r 1
50 r
40 ¢
30 ¢
20 | 4
10 ¢ |
0

=~
[{=]

1
D = o w0 O ) O

0 =3 10 11-15 1621 22-28 2%-34 3540 41-48 49-56 S57-66
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=2o\2

Figure 11. Graph of growth rate from postnatal in Yucatan miniature pigs (BFZh#B, 1979).

Table 10. The measurement result of postnatal growth rate in Yucatan miniature pigs

247 (9) A2l (cm) 9 (cm) A% (cm) A% (kg)
0 14.34+0.9° 20.0+1.6 30.1+2.1 0.6740.09
13 15.940.8 20.9+1.6 30.7+1.9 0.7440.11
7-10 18.240.9 279+1.4 38.142.0 1.6140.20
11-15 18.6+1.0 29.0+1.3 38.4+3.6 1.83+0.22
1621 18.8+1.1 29.5+1.4 420+3.1 2.14+0.33
22-28 214415 33.5+2.1 472419 2.72+0.85
29-34 24413 26.3+2.8 51.343.0 3.94+0.47
35-40 23.6%1.6 37.443.3 529+4.3 4.41+1.00
41-48 239+1.8 37.74+29 54.3+5.8 4.65+1.24
49-56 26.4+1.6 41.5+2.3 60.91+3.6 6.691+0.83
57-66 264447 444468 61.4+7.9 7.2442.34
‘Y + EFA

> 7877t
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FARE Fo] 2ol|A =fR]7F S ] ol vs FA B|TkslA| E= ke UERH oM, H]Tket oFE|A] 9] 739 140 kg o132
FAl gk A2 ettt o]2igh BA k= A3AlE N 50 kg A= Zofole Aifolt). /g« f7Het Hhx] 2] Bt
A a1t 2 242t 5744 cm@ 7615 cme]th(Panepinto & Phillips, 1986, Reitman et al., 1982, AT, 1979).

4) g7 ) y=z]

o] M7 oheke oJskg At 54 0 & RS ZBAARI =] i) §FAIE S 4345t F 71| F5e] nlU=h
ZIEEEEE =t o Aol Afakglo] R<rgt nlUshz| o o o5kt BiALs-ols) °P°4 75 Sigt i matol njUshz] kS H3E

At 712572 HIE ' =2 (Sus vittatus) 2+ Bl=re] BUshz], 12]ar S 7 sisao] AR F4dsi3ik

Hﬂ 2 SR -fate] o AR 2 U A = Rt o] UsiA] AJaks fJah tl=e] oushR| ek wulE| Qlck FEiA = HAl 2wt B
/dolE 71 02 s3I, S5 Aol o] 84 =hx|=85ntele] Ehx|et 13nte] o] 4 fix] ') 1 150 AFEE0| Tt 19649 B
Al SZR T 14U et AlF-2 17.4kge| At Su] 0] nlyshz] 72 212 3 o] v E sj]e} Sl w o] nf=t =i 2], 71
21 =2 HALSE S 7= i 5 iseo] A 230 & o] Zoj Rt nlUs|R| Q] |49l Bl wHlE Bl Hrt A2 AP os
SZ51ch A4t nUsix] 9] A= HEY &, Hormel &, 2842 242} 44 em, 56 cm, 50~54 cm -2 LR THPanepinto, 1996,
Pawlowsky et al., 2017, Swindle et al., 1994).

z| =gl risld ol Bastal Qs 2Rl njusgz] o] 2k= 26nte]of] g |52 2495 = A3} Table 113+ 22 23t
S DS 5 U0} A 7o) Aol golxki= gllaL, 7 DAl oF 150U7 2] Wt AlFat vl w sl e wl, dAf 2H=EC] A

ko kg B Eaa &4 AU o= MBI n]y=hA] o] ElaulE F5t 2R A5 0 2o §F0] ke E 4= Qi

Table 11. The body weight by sex and age in Gottingen miniature pigs

A

A (0Y) 0.48 (0.02)" 46 (0.02)
74 1.03 (0.06) 1 05 (0.05)
149 1.65 (0.11) 1.68 (0.10)
2199 2.37 (0.13) 2.41(0.12)
2892 3.28 (0.20) 3.21(0.18)
5022 5.23(0.28) 5.20 (0.25)
84U 8.64 (0.40) 8.25(0.35)
11493 9.85 (0.51) 9.45 (0.45)
148949 11.57 (0.61) 11.13 (0.56)
18198 13.00 (0.66) 12.37 (0.61)
2129 14.91 (0.74) 14.14 (0.68)
23995 17.84 (0.91) 15.78 (0.87)
2749 20.24 (1.04) 18.71 (0.99)
3019 22.65 (1.06) 21.96 (1.11)
!: Standard error

4-1) WA

Z79 T 20 A2 2 A3 20] 858 9ot WaAlRtolth 6~855 Al nUSA] £8A1 52 S-2ish A (1) = LS

~1075 Al A3 Ad=oll o] 25] oM, 12155 IJ"LH of| o]- 8= qlTt. n7dAR=S] A & 95e7gol| LfeRom | ekt ] A<

8

457N dgollM 671 Atelel] o] Folitt. A7 IREL HIEE 3§ 113.7%, Hormel & 11342 ~11532 0|tk n]U=A] §F1
AZ7go] FagtARgolEh= Ze & 4 A=, 62.5%2] B A=A 5)295%2] Z3ARE (2012 F)o] S Ee] Qlgrgol]
ofal YAIZAE. Qlggol] oI5t B Bt A= nldik=e] 739 5.5301, AakEe] 739 58201 = LEERKtT
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5) 32k vly=hz]

F2ke-mlysiz|f AF-2 7T 2F 10 kg, 8712 2F 20 kgolH, HIS-85A|2] 2F 6122 12] AlFoltt. B3, 1871 F ) Al5-2
F 40 kg {et. S_t, 4P| et Ik B2 S8 7L itk Sk njUsiAl= kLAt istell A7 , PSS
Fhol H=5 255 g4 njusiAl IRl e IRt A olok tegt 772 muA njysiA|E o] 85 A, 2t
& vUsiRlE A7 20 2o ni 5] Fk2 37]7F 4dthBollen et al,, 2010).

Aitig S22 AtAolAs BlUEA] AR 5 had] A& 572 Aldste] A} 1F, S4AF 158 aFsial ol Azt

400~5005-2) 27} 715tk Aeloll Q0 20 5 B3 4 Qi TR SchE ATSL ek SAPH R BT 1997}

5} 1cHKobayashi et al., 2012).

6) 274 Bly=hz]

22 =x]7]dol| I3 (F)Y27HEA 740 2] 5| ZA] MAFE o] F=t F(Manchu)E 7|2 50 & slo] 22 1Y
=72 F5-5 7sigich

29| enY njy=lA]= 540 o2 2 Fjglom, Afo] gkl 73 m A} S0 m] k.
o= XA3lom, F7} tha 71 Zlo] EAJoltt. o2t £ AP 5-EREM Q] o845 =o)L Jlrt.

U22] uy ujy=h]= 194212 1949\, 19601 32k2lol] B4 S0 2R E] 502 150t 9] efz|ot 4nte] Z= =f7]
& 712570 & stof E|QiTt. 2 AA QI nlU=hA] Ak 95t SEA1E-2 196010l A2 oH, o]2fgt E&jof ofa] A
tiotc 22332 td o & Akt wHlE A AJEHTt o] Axt 195 AlEo] 60 kgl A Zio] 1971H0ll= 34 kg O 2 ZolE
A =l cHFigure 12).

ol
E

7H)3 glek. gt 2 7)

i
fr

70 1

60\_

ol T

40 i i ™~

30 r

H =(kg)

20 1 1 1 1
1961 62 63 64 65 66 67 68 69 70 71

Figure 12. Average weight loss by year in 1-year-old basal group pigs (Panepinto, 1996).

7) NIH(National Institute of Health) B]U=}=]

1] NIH (National Institute of Health)= 19738 -6] H 2] E4Jo] FA3e njus)z] 7ol 24-3ict. 7] 2e k2 vy
4EF S A40] Q)R] 259} QlTjolutEo] Vita Vet Laboratories?] 42&12] 1572 A= ithFigure 13). 1 348 2H=S
154 R 5ol Alg Fok F24] A BHA|(MHC)E A5ohs WAl o2 3dztoll 224 MHCO] /4% 3719] o8t 7|
&2 nU=iAE 2SIt 7HE Aol = 2342 Q) ] o] Al FARkg-0 2 MHCO| -4 S T2 5t ot Al&5+2 SLA
|2} uEA 2 G AAES G251 QITHNicholls et al., 2012).

NIHS| A2 =fjx] o] MHC #3213 0] 919 thefstar E4dste] 7o)l A&et MHC $3/d2 Al'd =35 &7
FloliME 247t 15~204c7F 4 2 Hthe AV 2 BiRITh

NIHO| Y= = BAE shHEoiste] MGH (Massachusets General Hospital) 2 25 0] W24 0 2 Jz| AlA)|A] o] F
7] 0|2 nlU=A| = 71 At sfiA| = s 3 Qi
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Figure 13. NIH miniature pig (Ross et al., 2012)

3. OJL|=hHX] SB7HH|in

A27NA) ZAVH 7} ulUjslA) 7he) 71 EAe] Akt Aba}4eo] ot b i Table 129} ek, w3k 7} olugfAle] 127l
U AFo] sto] thet vl L Figure 149k 2.

A% vl vhol22 plUsA| 2 BaEl MRk enly A7} 27] 44 BARE 2 28 2 4 9w, Hormel
o) A9 Z7VARE 2 AFES T 2 USR] £ 7P BAL 2o 2 ettt 1. 9) lmeet §71e, et nlusR)
£ g ke Boln, 1% AlEolA s vl AL & 4 i,

= (kg)
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Figure 14. Comparison of body weight by day-old in miniature pig breeds ( Kim et al., 1988)

Table 12. Growth data of miniature pig breeds

== Loy ER U=, ojuf| e} it g7
YA AS (k) - 0.6 0.75 0.77 0.74 0.51
aA AT (kg) 44 50 70 78 50 53
AR (F) - - 6 6.3 6.12 59

2|20l n]UsiAle) 27]0) el olo] A2 s 2 Beju, 295 A EE olUsiAlo] Hlslo] 20-30 kg A= o A7)
U7k Ao olefa] Qe Jxtsix|e} ofo] 223 uujsl] Ll njusiA] 7ke] A2 skl vl b Table 137} 2.
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Table 13. Biological comparison among common pigs, micro pigs and miniature pigs

%3 Qi o ern A% _ Mii Si7]
|71, 197, Sl HEE, JItE
A 2(°C) 39.2 +0.5 39.2+0.5 39.2+0.5
Al ZHkE 2 (beats/min) 70-120 83+ 15 105 + 7
S 58 (breaths/min) 20 =29 20+ 9 25+ 4
24-2K(m1/kg/day) 80-120 80- 120 80 - 120
AtEAHZH(kg/day) 3.6-4.1 1.0-15 1.6-21
A AHF(kg) 1-2kg 600-700 g 600 - 1000 g
34 A A (kg) 90- 110 15-29 ML e 28-42
F7FeE20-30
28 A] 2 (kg) 200 - 300 35-55 70-90
41 (years) 15-25 10-15 10-15
W7 (days) 21 21 21
254 (days) 1-3 1-3 1-3
YA1717Hdays) 111-114 111-114 111-114
A 10-12 5-8 5-8
o]-5-2%(days) 28-35 28-35 28-35
HA A (months) 7 6-8 6-8

/370, Aol 7| He] ZA| Hegolut A7|(size)7t S 7Foke @ dolata Wt 4= Qlrt. mebA] F-EollA] QlojA] 4472 Al
7ol Aol w} o]2{gt A oju} 7|¢e] 2t H7] 5] F7HE QISH QI ARl e AT T 4= Qlok ol 2g A
M| pERE] TR 4 L, AlaEe] 224 F7h Hao) Z7EE A A4S e 4= QItk(Goss, 2012).

/8742 vtE o] M2 470 2 A IA| Al 7HA 2 T 4= AL, o] 2t Al 7HA] @7dol] 7]Qlsttal & 4= QltHFigure 15).
A HA= Cell proliferation, & 4 ﬂ —E‘—C‘j‘oﬂ olgt 4 Z7tE 27| WY IHoll M 'Y A7HA] o] Foi 2= dEd ol A A%
O 2M 7MY 2 u]E Z=thal & 4= Utk A 2T HHE o 4= Qlo] Ml2ES] 27 F7h= o] gt A7 |of|Rt Lojutal L

A| %o Lofub= Ag7elrt= Aﬂiﬁ ofl 23t 2] Z712 Qg AR AlZS] A7) Raule] 2712 Q13 o] i
Ho|c}, & HA)E Cell enlargement, Z A2] 37] @ Ka] Z7jolct, o] AL ALY 11 ZojlA] Gout G17]of|A] Loju}A
U B o) 28 0] PofuA| 9= Mlazof| A Dofub= Ao 2M, AlEE o] 37] F71o] o AAA|E o' 2RS4 /Y
THGoss, 2012). BFA| 20 2 A Hia= accretion of extracellular material, S A3 @] S2%4] == A3 uPZa7] Aot
QIR YA BHIU FH 02 Qe HAAR] Mzl e /g7 o = A we] Mg 3Py FoilA] wi o] A7) 44w} 71 & Aol

itk & 4= QlcK(Bilezikian et al., 2008, Goss, 2012).

2, ‘980 IS 0jxl= 22
Hx]e] Aol FF= mIxl= 29le A F7HRR 2 4 . R A9l 2Rl R RRE 2 /A
Al 94 AXETal & 4 9l NA°17W°30M AL ek el 2lsiiA Ag7gatel7E - E ™, FFHTh ZHAmR Aol
7Fl& 4= Atk E}%ﬁhf’r%%%‘ﬁodﬁ Aol AR Y Yol e A EeS 5 —’F?}E}(Emmans&KyﬁazaldS,
1997). 2L} o3t &34 Q) 2452 Altol] A %A L, F282]Ql FHol| wbi] 22 oA = Afol7t i 4>

ek whebx] 2= g7 Aol XM JRFe F= 2Qlo 2= A4l 247 o] Attar B 4= QleiMullis, 2005).

O_u O_L.
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Figure 15. The three main strategies for Growth in vertebrates.
The most common mechanism is cell proliferation-growth followed by division. A second strategy is cell
enlargement, in which cells increase their size without dividing. A third strate%y is to increase size by
accretionary growth, such as matrix secretion (Wolpert et al., 2015).
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(Hormone) ¥F8-2 551l Yol dthOhlsson et al., 1993). F2 0 21} 244 0 2 /g7fo] Uol'd wh=
SOl AUz o] =, ¥hg 48| (Receptor)oll 2JsiA] 7|ho|f 24| EolZ oz 1 ’ES 5
a CHOhlsson et al., 1993). ©|21¢F Hormone®|1 Hormone Receptor B THIZAZ o] 20j7] Q11 o] A 52
3l Ujof] So]Ql= At d5of ufzbA B gl o] HthMullis, 2005). kA o215k -2zt a7} E7tol 7§A] 7hol] 2to] 7} QL
= Alolle o @, 5 of2 Hormone©|Y Receptorg AR 4= it B Aolgt o] thildl S Wi A|7]4] ot
(Ohlsson et al., 1993). we}A] o]zt 51121 xto] 7} Ad7de] E/dolut Aol 7HAH -5 xfol& & 4= A Heh 12|11
ol2{gt -§114 Rl Z}ol 5 Bs]= Zlo] nlU=lA| 9] AJ7FE/d w1 ARtelR|eke] /ddtol & Biel= 244 Q1 ’bo] & Zlo|h

Hormone2 E¥gH 2157} Q1S Aloj] 2H]7} 2|, 22 ko 2% G820 2 specificstA| ¥H8-& Y27 4= QlthMurray
& Clayton, 2013, Ohlsson et al., 1993). T2 A2 2]oflA] hormoneol] £0]2{21 receptorel] 25l #1-8-& Yo 7]n, o]
Receptor?] &5t 7} 7]3ke] A|Znjcte] B2 xjo]oj 2J3}|A] hormone ¥F2-2 E0]2 0 & Uojdt 4= QlthMurray & Clayton,
2013). Hormone&- ¥+ HIAYZE 4 tif-2 12+ ¥H3-E2 (ligand) 241 21-8-2- 51, Hormonet 233} Receptor2] H3ol]
oJaf M2 W 23} HEg- H=E-2 (second messenger)ol] 2J3l4] 3 L2 ¥k2-o] MgE|o] g7z} Bl S F 514 Fit. o]2ig
| A2 7} 7 ol| A5 A ER (T A)S kel Ui, A|aEe] 487 0714 Eck(Hiller-Sturmhofel & Bartke,
1998, Murray & Clayton, 2013, Ohlsson et al., 1993).

3782 A 9] F1 A Q1 £/ 2 shtolt. A/ 1 A1) A2 2 == A Q1 @ Aeb thiAFAIQl 24 hypothalamo-pituitary
growth axisoll Z3te|= Th2 4% 84 5 B2 A<l 2210 oJst et 7]50] 87 tHHiller-Sturmhdfel & Bartke,
1998). EA} A28 9l HPHS #2351 o] hormone productiont action] thgt 7121 o]5f& 4= 9131, hormone?] HFS-
= A& 4= A = receptor molecule52] £42 mfelsh=t] 0|5t} 3t hormone A5 ol| 2J3 2|5 Ala/d Ead
2 ol dRf HhE-50] tieh ga5= SHEd & ook ok wehA =2 AFE floliA = A SS9 WS o] 8510
St A/ Pituitary gland)2] e @/d2 Growth hormone®] of2] @4F, J2|11 A% TAol|A] AYejsl2] o &2 Fa5HA| 2
g35l= qRztet 253 PiH Growth factor 2 regulatory system2 2413t & 27} 9Jct,
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1) &5leA) e (Pituitary gland development)

Y 27) A7 HotaeA|e] Wk (pituitary gland development) 2t 317 o] o]tk wslAo] WaHs BalA] 2t A7
EolF 02 HEl= FHAE2 SRl P 22 ¥hE-S XP6t7] gt hormone 52 #HIE FAIZITHMullis, 2005, Murray
& Clayton, 2013). o]w =Jat4=A 2] L TAo| A= Figure 16014 = B= vie} o] of 2] k50| 254 28517 Hrt

BMP (bone morphogenic protein) family2] BMP22} BMP4 2+ 749 A2 ZAa1-8-& &0 24 |5l drdabol| A
wohpA| B F/doll 23 282 5HH, FGF89] 7%= BN 7= 2 A9 o9t ]t k2 4afsh= 2l o= A 9l
THWan & Cao, 2005). ©|&1 250 2JaliA] Est4=A] Zte] Wgo] fE &1 7| 5o] AR EThal & 4= gl Hoteal= W
HHH|A]Q1 S ol A 7} 83712 F st EA Hoji] M= NS5 24240] 7] hof sl 5= Hormone 2 AJ4Fshe= mi
S FQ35t —E% FYtcHHiller-Sturmhofel & Bartke, 1998). 71 of| 24 A% 22 (GH)2} AJA12H=-% 22 (gonadotropin),
WEAAFZT2E(TSH) 5 A7 vl 271 tpeft A28 52 Akttt T12|a 4] 2709k HslpAloll A ==
ZAzk2A PIT13 2412] 272221 PROPI (prophet of Pitl)o] IthDeladogy et al., 1999). ©l& F 3-%A}+= Pituitary
transcriptional factor2A] =3kl A] 1] 2 E]= 79] E Hormone2] #8]E {4514 5h= 32 f4x=t & 4
AtHDeladoéy et al., 1999). wetA] o5 R4 AP E| A Ro|7h glof ARl Widdo] E|A] @& Alojl o] < 2=+
GHU} PRL, TSH 5 “87433 hormone®] FH]of| J&F 7|24 =1L o] %, AJ7oll A4 FTHGoss, 2012). =fA]ollA] BT
Hh= ¢IAIRE humano|u mouseol|A1+= o] §-312-2] mutation A] dwarf phenotype©] 2H2He B} QItHAmador - Noguez
etal,, 2004). @i2tA] o5 PIT12F PROPL f-77k0] thigh 2412 o] & A7 kol tigh Q1S 2Aoh=t S o8t Ata & o84
> b= Zlo|H, nju=]|of AHt=fz]ete] /g7l Aol & & 4= = FH FAAEA Q] 7/ = kL & 4 Tk

2) s =2 FH] 7]2HGH secretion axis)

787 Ul H|QIARe] ZH] & oA R E o]ojRi= F3A1 A1) S50 2 U] B Figure 172 2ot A 73 xh £kl
74E9] 4S AdARgol| oA Aldsi(hypothalamus)ollAli= GHRH (growth hormone releasing hormone) 2+ GHIF
(growth hormone inhibition factor) 7} A2 th2A] 2H] €t} o] A5 Hfsk4A (Pituitary gland)2] GHRH-receptorel| 2]

H A 21 Hekpals GHE: £8]514] FtHCarter-Su&Schwartz & Smit, 1996). 7Heil 91+ GH-Receptor= GHE| Al

£ HdHtota] Aujol] WY E= A% SAHJAR! IGF1S 24514 HtHCarter-Su et al., 1996). o]l Yl+= IGF1 receptors=

FH R o] A5 Aol AAA Rl 24/ 32 s Bk SFAPAIE Al of2ieh GH % ok Hadsh 2HIxks

o] 24 ol wet AAIAQ1 24/87% 9 F8/d7 o] o FojXTAL & 4= Sltt. of2] A3 toll M= B i Hiof] o5, o]

23t 24 RI2H=2] mutation 50l 2J3t AF ol 491 o)/ 3/ 42 Dwarf phenotypes 7182 F/d= Eel|d o= A2

2 BiRlaL, A= o] 2ARIRNEC] A7 ARt QlojA S5 S 71xl= 24YUE YSHTHCarter-Su et al., 199,
Mullis, 2005, Salvatori et al., 1999).

3) wjo] ik (Bone development)

lI

u

7] ilz‘d“ OME} ZﬂJ—L} Zﬂ”—i a @E% 7]":‘7@—’?- AL, éxé JQE O]——J 4% ] 7hegh o] A4 P°]7} A=A
o Urk=lz| o] XA /g7datol & tisl okl & 4= 2t Wozney et al., 1988). weba] 2821 wo] Hhchof] pajA] A7}
31, o] 2P FollM AHEch= A Q4o HisiA] EAs] Bttt

ZM| 2 (Skeletal cell)= Al 7HA] T2 volA| £ Al 2 2 E] Rai5HA] ©tHjohn P. Bilezikian., 2002). Neural cest cell-
7HZ2 Y=, sclerotome cell> %4122 (axial skeleton) 22 AJ5HH, lateral plate?] SHIH ML= 7]e} R4 Hﬂi—i =
/gl tH(Hall & Miyake, 2000). Al7golut | 112] A7t el w /9 2] 7] TA|Q! sclerotome cell] 28F7} &2 A1) g+
tiAto] & 4= Qlch =41 A (skeletogenesis)2 Figure 187t ZHo] IA| 47F4] A2 1228 4= Qlch
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¢) Transcription factors (60-72)
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Figure 16. Pituitary gland development. A detailed model of cell-lineage determination in pituitary

ontogeny is depicted. a-MSH, a-melanocyte-stimulating hormone; aGSU, glycoprotein hormone alpha-

subunit; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PCG, pre-cortico-_lgonadotrophs;

PCM, pre-corticomelanotrophs; PSL, pre-somato-lactotrophs, TSHr, rostral TSH; PSLT, pre-somato-
lactothyrothrophs (Mullis, 2005).
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Figure 17. Regulation of GH secretion/ GHRH-GH axis. GH secretion is regulated by various factors. The sites of
derangements responsible for various familial disorders of the GH axis are indicated on the right (Mullis, 2005).
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Figure 18. The four phase of skeletal development. Migration of preskeletal cells to sites of future

skeletogenesis is followed by these cells interacting with an epithelium. This in turn leads to mesenchymal
condensation and subsequent differentiation to chondroblasts or osteoblasts (Hall & Miyake, 2000).

(1) ZAZEH/3E 2l A2 2] o] F(migration), (2) epithelial cell?F mesenchymal cell2] 25218 (3)-3-%3/d (condensation)
2H4, (4) chondroblast}- osteoblast® 9] 5} o|2{3t U&le] Y52 Sl oML ZRE ZA|ZE 2317} dojupA] Ht
(Daluiski et al., 2001, Hall & Miyake, 2000, Wallis, 1996). 1. % Condensation ¥g-2 &2 2A4-52] 9]x] A7o|Lt, o] mef
(shape), 12|31 F7](size) B4l 1014 71 S-25]th Tenescine|U fibronecting N-CAM 52 45291 whel 24z2kg02
QI3+ Fpithelial-mesenchymal interaction®] Z¥}+& condensation 2Hgo] Y ojubA| HthHall & Miyake, 2000). ©]52] 2&-2
TGF-B (Transforming growth factor-3) 2} BMP(2,4,7), 12| 2 FGF2} HOX 5l 25} LojubA] &1, £3] o2} 7}x] ZHojA
373 Bajo 2-85H= 710 2 L7 TGF-Be T TGF-B superfamilyS-2 o] 3 % 71 $3201 93-S 484517 Bt

144 - Journal of Animal Breeding and Genomics Vol. 5, No. 4, 2021



Study of The Growth Related Characteristics in Miniature Pigs

(Wu&Chen & Li, 2016). TGF-3 isoform®]tt activin, inhibin, 18] 3 GDFs (Growth and differentiation factors)2} BMPs 5-2.
2 /4% o] family member= cell-cell E2R8-0|Lt cell-extracellular matrix A4S 2-8-2 £IA17) 9 244 condensationel]
o2 32 S7HA1717 o Wu et al,, 2016). ©]2} 87 mesenchymal condensationol] E 29+ A|3E 3 thifzlo] dhed-g x4
Sh= Ao & A7l SOX9 F42k= AEAIE (chondrocyte) 22 #3}et @ dell B agh 7 Sl A Q1 AL Ax(transcription
factor)2}al & 4= QIcKBi et al., 1999).

S 2HE] BhAYE]= 9] g/d(Bone formation)2 &% d(Endochondral ossification)o|2kal gt o]2{gh 2E/g
IRk ohue, of2] dA9] 3 2|4, of2] 3y Foll= AE7x0] B4 Eshe] HHso] T asitt. o]
E5jA] ] drko] o] o] x| A| K Tatsumi et al., 1992). AZZZoj|A] ] 2.9] o|2{5t Y& o] Bty
ofzh, 24 2] Ad7golut, A wie] 723/ Al & Al4E tHKember, 1993). ol2igt 2 &/d1d &
HEZ /g4 Growth plate)S F4 22 o] 2o{ZItHKember, 1993).

Teloz HEe 4 Utk Figure 190114 H= v} o] /g7tol| ] 71 upZR-Ro] f1x|oh= 192
ZA|3E (chondrocyte) 7} #3F61A] Q22 242 18] mefo g shib o & Hark|o] QltWallis, 1996).
F Rt oFo] &lo] ¥k Ql 7|5 R YRS o] 241, Proliferation 792 &/d5HA| Htt. o] 74 EaliA A=
A3z 22 Jojun, o] 2215l oFA|(blastema)2] 417o] o] o]tk o FLejo] AuieiA| A AZA|27} 2 Q|
o] Yt kel FeE sloju )il Prehypertrophic -] (transition zone + upper hypertrophic zone) 02 o7
th. o] LR E AEZEHo] oJ5H g7 HEA =1L, Alae] 37](size) 72 QIH g7t o] Fo) x| A HthBilezikian et al.,
2008, Kember, 1993, Wallis, 1996). 0|2 A1ZA|Z2] AJ<0]2}5}al o|2{5t 37157} &A1 S Hypertrophic 7.0 2 &3},
ML) o] A& 371571l 2Jsiix] 422 Zo] 5, wio] Zo]7} oF sHl| 71 F7FskA| Erk(Bilezikian et al., 2008, Kember,
1993, Wallis, 1996). weha] ojUsiz|e] Adxd=tolE ¥16]7] ISk wf HEdql= Proliferation 7-oljAle] AEEIT
Hypertrophic +9jllA2] AlE=7] F7}, o] & 7kA] #ofjA] o] Fojzjof & 71 0 & wrhect,
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Figure 19. Schematic representation of the organization of the mammalian growth plate. On the left is

a diagrammatic representation of a long bone durin%embryonic development. The ossification centre

that originated within the cartilage model of the bone has migrated outward toward the ends of the bone

and growth plates have formed. On the right, the %]rowth plate is expanded to show the organization and
differentiation of the chondrocytes (Wallis, 1996).
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7ol M o] Az 2] FA} Eetof Hofshs 4= 1214 22 majorstA| 2-8-5h= Systematic mediator®} =-5-4]
9O 2 2k85= Local mediator2 7-2A=CHWozney et al., 1988). Systemaic mediators= 52 hormoneE2A] GH-IGF1 4l
72127127} thyroid hormone, estrogens, glucocorticoids, 12|13 vitamin D 501, €4 Z#at ofu]z} Fojz Agoz
/37 27280l FrofaA FrHOhlsson et al., 1993). Local mediator=hormone®] oFd proteins 241 TGF-B, Parathyroid
hormone-related protein (PTHrP)2} Indian Hedgehog(Ihh), Z12] 1 Fibroblast growth factor receptor3 5-0] ICHWallis,
1996, Wozney et al., 1988).
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