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Abstract

It has long been known that nutritional and environmental influences during the early
developmental period affect the biological mechanisms which determine animal
metabolism. This phenomenon, termed ‘metabolic imprinting’, can cause subtle but
long-lasting responses to prenatal and postnatal nutrition and even be passed onto
the next generation. A large amount of research data shows that nutrient availability,
in terms of quantity as well as quality, during the early developing stages can
decrease the number of newborn piglets and their body weight and increase their
susceptibility to death before weaning. However, investigation of potential mechanisms
of ‘the metabolic imprinting’ effect have been scant. Therefore, it remains unknown
which factors are responsible for embryonic and early postnatal nutrition and which
factors are major determinants of body weight and number of new born piglets.
Intrauterine undernutrition, for example, was studied using a rat model providing dams
50% restricted nutrients during pregnancy and the results showed significant
decreases in birth weight of newborns. This response may be a characteristic of a
subset of modulations in embryonic development which is caused by the metabolic
imprinting. Underlying mechanisms of intrauterine undernutrition and growth retardation
can be explained in part by epigenetics. Epigenetics modulate animal phenotypes
without changes in DNA sequences. Epigenetic modifications include DNA methylation,
chromatin modification and small non-coding RNA-associated gene silencing.. Precise
mechanisms must be identified at the morphologic, cellular, and molecular levels by
using interdisciplinary  nutrigenomics approaches to increase pig production.
Experimental approaches for explaining these potential mechanisms will be discussed
in this review.

Keywords: development, growth, metabolic imprinting, nutrition, pigs

Introduction

2 ole) A% 3o el A1g
SEAR] g2 Z7loh @7 Qg4 0S4 A8 SRS SIa AH el AR Slekn
Ik, 53] $-efLbete] FUAE Fefol nfe T2 vl £5E T, 2579 47t FEH

Korean Journal of Agricultural Science 43(1) March 2016 72


http://creativecommons.org/licenses/by-nc/3.0

Effect of metabolic imprinting on growth and development in piglets

fin}
o
4
rok
>
0%
ik
1o,
I
lol
rr
—L
Ho
—
N
B
xg

H40 ofN i ook rr
o ko oo
oXx i

Nt
B
rl N
= o
>
oS
rJ
i)
N,
i)
O
%
o
o
do
oll
E
o
_}L
_l

= T£ FAAstructural genomlc)—l ‘:1'74]‘—2— A 7% 574 8Hfunctional genomics)2] A=

=1 :rL ot Qe FE2 RS 7152 olsfstal fAdAlWel FA = e FAPE ]

o] Zo7t B2 FEE T QthRajender et al., 2011). o=t A&l A |AH] H-42k

%lf}‘?} ozt el Ag71dS Hole o A w2 WELR Yol glen,

bl rgkao] woprtol & Aol up2hA] BjobA| 7] ofl A sk thefet A=l ol ]t A48 o]

Ao AFFAe mAE el ek o @2 AU 28 o= AAHEG mEpA, dilE B
A= A71efl TR QL A 27t 2] o] A o] nAe P AW E A g

re
o R
IO o%,
oR,
i—l‘,

of

Olt

N

>~

- —|~

ol i
I

rl'n i [UK?.IE
i
Jo M
ra,
Y
1o,
m]I.
® |

0%
rr

-
1
2
_Q

o

2 Hl R oor o
0::: ‘lol' = —L] Ol-ﬂ 2

"‘é

e

g A]7] B o}F oulst A]7|o] HES oJok.Aim] ol z}o]
A4}S Wetrh(Davies and Norman 2002). HjA] A=, A
1] o5k 1}% i ‘ﬂio}—J HZJ L a}%’fol A FAE A% B=o] FR ARG 2 Lol whet v Al st
ASHE] =], o 2f’t 52 M- Bt AAISHA o] FofA 11 o] A=oll7hA] A A H= Aot F2
o= AFS] Hoprt RAl= R S22t e 3 A Eotd AS A g 2 9T Hette 97
A7t QlckBarker and Clark 1997). o] 9ot £AF AFolA= Ejobrl7] A4 o] & wz] ¢tom
AAX N0l AR Be A2Y Fholl 28 5] H &2 Ao x UEgTh

i
o
=)
2
ooy
5
o,
3
3
=)
=
g
5
e
e
i

i o

22| Mt

BAZF TR G A3 W dotel FFol, ol weshat] 2 3L s Ak, SR AE B
3} Hjo} o] & ol 2ofx|7] SlshA # Qi obmlinAl, AT 9 wAekBe] 47t Fag), 941717

E57)200] Holr} RAGIA SR GRS TFWA 2ol 9E QYRS 58T 0 Tealy] 98] A2
daAQl 7|13 didof HFotes thatr|do] WMetE, 2 W A&ARHintrauterine growth restriction,

IUGR)®] 98} A= 02 shlel i 915 Eolet Belt MoFg Wchrifty phenotype)o] Eolub Het. ojefat
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Fig. 1. The original diagrammatic representation of the thrifty phenotype hypothesis. Maternal malnutrition causes the
fetal malnutriton and continuously affects the adult metabolism and this phenomenon may result in an adulthood
metabolic syndrome.

= 3 EAS F|a3)eh7] Aol &4

& 9 ol8ES =oA At AE IY ﬂoﬂ/‘i U]% 3 01% /o= gt A Ao aw A<l 5hF 25584
£ 800 mg o 2 AT Zgo] AHHE AYLE of= #F Q2 s IS A5 St o F 2w 87
o] 100-200 mg ofl Z[H-A] ¢Fekth(Hegsted et al. 1952). o] €, thAA ZHQ1S fdot= A2 Al W 52 ¢
ARIZE M 2285 ke YdAas0lH, ol A% 9 fAA T 9 fid-& W3} A7t 3 9S5E=S
A ] A=t vl wshlS o, S b Tt Eofjof] wofste T Aol 5l 2 E= Ao 2 &l H ]l
(Oksbjerg, 2013). o]&gt &7 E= Atz W YF47F AAHtranscription), 19 (translation) ™ THEl2 BFd of] 1]
A= FFe A HoliieE A EEA (genotypmg) ZAAA S (transcriptomics), A A (proteomics),
thAFA| EH(metabolomics), A&7 H8H(bioinformatics) 5= Z3Sh= systems wide level 9] 7§ 7} a5ty o]
2ot A4S "FFHASHnutrigenomics)’ o] 2t k. FFALS] FA| A SAS QoA AFIIdeTS FHLS

2 roFst SR o] &7 A ol FH ALyt WA oltt, o] 7gh &7 - kA 22| of o]t EH/\}"%;Q—J Ha7 dojuh=
712 DNAS] 24 ¥gtz 919t Z1o] ofy2F DNA methylation, histone modification @ non-coding RNA &
o] 717 oJgt S5 A5 epigenetics)ofl 7]1ot= A2 A Eth(Fig. 2; Rajender et al., 2011).
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N

Fig. 2. The various methods that gene expression can be altered. Gene suppression is affiliated with hypermethylation of DNA near
CpG islands. DNA methylation is the most common modification of histones in DNA. Chromatin remodeling utilizes energy from ATP
to change the location or arrangement of nucleosomes. As a result of the energy changing the nucleosomes, the genes available for
transcription are changed.

DNA @71 A9 2ot G/l ofafl vHAA] 97] wiZoll f-Aaxp ddolvt 283 o] Hah= 485 9
el Lol $A A8 epigenetics)oll 22t Ao &2 Atz Eth. DNA H23HDNA methylation)= 4&72
A71(oted, A EAL obd 2 EHl) 7k H] AlEA @719 A ghaxof Wd 7|7} Agsto] YA ==, thF=
o] e sl= A AT} JLopd o] HL0] =2 CpG islandof| 4] o] dojdttt DNA HE@3HDNA methylation)-2
717 o] S5 E o] HAE dojubA] o= o] A G2 A (heterochromatin) ] @437 XG4 A Q] v]&Ast 2 57
Z}o] Zkelat Zro] B4 {2 2ke] A2 Aot S ke A 0= Ae{A Aok 11 £ 97} Agouti mice?!H],
TANHE F5f 5L -FAAFS 7HA] 2L = Agouti mouse A2 EA P o] FUTH 710 2 o AFEQ oL
A gl Al Fol Eaton Ay Are] et AT th=A Uebdth(Yen et al., 1994). Agouti 712} L= R E]
21l methylationo] Bo] Ao Agouti 2 T o] Aol F&2 24 ol AdAFS Hola, dro
ek 23} /d-2 A A9 methylation FE7 W2 kgt H 52 AF 9 Gl 59 thAMd Aol & Aej= 4
= B3tk 2 187} = DNAE QA8 0] 7] 29)Ql w2eleE o= S55 =0, o] w2al &2 H2A, H2B,
H3, 9l H4 5] 2= Tl o] 7} 29tsho] core particles @445k, 7L 5915 DNAZF 44 v}, w23 2F
2 S| AE Tl dekRof o] dojub=d], ofME S}, 24l 9 of=7|d o] Wl fH|F 3], Q4te} s
3}, ADP-2]| R ASHADP ribosylation), & ofn]s} @ Z-=E2 o] A (proline isomerization) 5-°] L] siEH
t}. olejet I 2ntel o] Mg R AR, Al 254, DNA B4 9 944 35 5o qlo] ¢ Fast 9
= St=dl, o] A=nte HYo] YA o= o]Fof2]7] gr o oS IRt of | Ao U= Aolth S4H
ZA5Hepigenetics) 2] T Th2 7|42 non—coding RNA (ncRNA)<| o]3 o]Fo] It}

ZAATE RNA o)A @22 translation ] &= transfer RNA (tRNA), ribosomal RNA (tRNA), micro
RNA (miRNA), @ short-interfering RNA (siRNA) 5-& non—coding RNA (ncRNA)z} sh=¢, o]E°] 42}
o] urdof P2 u|Zch miRNAE oF 2009712] 7|2 o]Zojz]=y|, UutA o2 target A2 mRNA 3’
UTR £9Jof| 23tste] mRNAE ot¥stA L} translationS A Phillips, 2008). WA & 7o &2 o] Fol7
RNA interfering (RNAD 7} A Z2 5017 Dicer7} 142 5Fo] RISC (RNA-induced silencing complex) 2 s}
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o= 5 RNA 7}e& £41, chromatin remodeling®]4 translation inhibition 52 2H-8-& &5
AstA "rh(Fig. 3; Hannon, 2002). ©]28 ncRNAE= Al 254, AP, Tt e thAh, 2 S
FF= =t Epigenetics= -84 Aol| Blol 1 HAZ} AR HEE AE-3et 71s-S Foll @A HlekH
A& skl 1AL, B Yozt 52 tiAkel Aol B Ak &S] o] Fof Aol sl

Degradation

Transkatiesnal inbtaition

Fig. 3. A model for the mechanism of RNAi. Gene silencing triggers in the form of double stranded RNAs, and
these are recognized and processed into small interfering RNAs, by Dicer. Activated RISC (RNA-induced silencing
complex) complexes can regulate gene expression by promoting RNA degradation and translational inhibition.

ShA AG7H A5 W A A A (intrauterine growth retardation, [IUGR) @42 @4loj/do] H 93t JoFAo] oF
0% IR AT A5 W, F2 I 10 A5 EE ARA] 0 52 1) 7
A B sk, webA, ofn] Qb #o] 42 $2utele] Qe ol Al ARel A UGRS] o
Bobsstck, AW G4 el ofek AHE 4-0] S7H 2 el @ mh o) Aol A% 4 9) il
ozt B QR 2450 Bk o]l 210 Q16 WA B4 AR 547} Eo)5A) 9k
e Ao = A Zg W A ol tigt whehalQl gt Asket vlAYE 9] o|sf 7} n) /< AH=0] A
Aalol clo] HlA10] AL GAAIZ 4 91 Aolek

=2 of| A S 2b Ul AR A2 A0 BA] ASS AL 7)1 AEE TR Eo)E57 ok 89

2155 1 ek (Milligan et al. 2002). ¥9F ofu e}, 2=9] A YA A 52 &5t Al 7H2] F-2 54
o|al AipA 0 7 AT Ah=R it W EAFE BRItk (Nissen, 2011). o]={3+ 4
3 U HoMZI7E B A7 H il o 2 9 vAY ofu| 2R Fgile I At el whet o3 717

Feiat 2 B o] 2-Hrh= Zg AT o] o] 2 U] 2ol mhek ZHE 9] of 2] X229 ATt drdo]
Ak Hhg] B3] 28 U 2459 Aol A= o] AA] 0| uhal 24-8-9] Sxb7} HelE]= Ao] wrE A
tHPark, 2015). Q4= ThalE o] Zabgo]e} Alghgo] A] ZH=9] AAIAF0] Aok, Alghgo] BEolA] A

AbEl 240 A il ] =2 0] 2k} vl waked 2 A8 (primary , secondary fiber) 47} 2|2 0 &2 WA UEt
U 7o 2 Slx|9lth(Rehfeldt, 2012). Aoz S 280 Y7o 4.6 0] 7] 47 o] oJ&3ith 1 o]
e A0 A Elolu A ofn] A E oA Q7] W2 ld|, &5 =AE 587 HOH/\T‘ o+ U =714

I (muscle satellite cells) @] A4}t E3}71 248} E|ojof Sttt T8E7| M2 o] A3 Bl 280 AAE Y+
O

5o) Sua 9ol WAyatel Foke o)A UES oF1 7952 &7 IrHAllen and Rankin 1990). 22
e E oju] 20 Jg v, QAIEY] 209 B YAENA AR Folohd] %ok A AE U A
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JAI7|ZE Fot ofuls 53t YR Sk eHopo] AAut W] IS njxy, A Sk 11 Pl
A&4H, Aol FES g FFEA] 9t ol Ao Al Wdo] Ay, o]H JFe
AT = B4 Q= A o] sk o 2 SR QiTt, o]2] gt Hof|A], JAIA] 7] T ofF o7 A]7]

S :

Hlotol Al B AL TAste] SEo7) o]e Zow Zlo] Hrs Frajof shet], oba7kA wTHHS
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