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Application of Animal Biomodel using Poultry: A Review

Dongwon Seo and Jun Heon Lee'

Division of Animal and Dairy Science, Chungnam National University, Daejeon 34134, Korea

ABSTRACT Chicken not only serves as a high-protein source to humans, but it is also used as a suitable biomodel for
increasing livestock productivity and studying human diseases. Chickens have numerous advantages as model organisms mainly
because of they are relatively convenient to manage due to their small body size and short generational interval. In addition,
they have a small genome size and numerous genes have biologically similar functions to those of human and livestock
animals. In this review, we investigated the chicken biomodel for human disease research and the use of this model for
increasing livestock productivity. This summary could provide useful and basic information for further development of
strategies for enhancing livestock production and human disease studies.

(Key words: chicken, biomodel, human disease, livestock)
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T AUth Table 1. The chicken QTL information in each category (Animal
STE QI7hE MR 2} A vla) i3l | 2 QTL database)
o A& FAA 2718 7P A sl elefdl A& frdAl A Category Trait No. of QTL
718 7 AL dol = o] EfFolA Yehte 5% —
Digestive system 26
I FEES BASka 7] el 2002 A==
_ E; i 221
E O]Z'T_ g/_‘llp_‘g: 2004]5_01] 7]_ OE}HL_ [=ge Eo:-% })7\1./] 7]_7\] gg productlon
£ n2lsle] 714 WA 504 AEe] 29k ST B Feg quality 671
FA A 2] 292 single inbred Red Jungle fowl©] 7 . Fatness 423
o o u Production (4,488)
A 2719 6.68] A7IME S A 38te] tIZF 1.04G bp<] Feeding 238
A71E Z3ske] 4 gl ti(International Chicken Genome Se- Growth 2677
ol 2015 129 3 el W .
quencing Consortium, 2004). ©]= 2015'd 12¥ o & Meat quality 105
7ML BHE e 34l 71D B4 s A .
23}o] 70M)9] A7IHYS 131 893, 2 A7 123G bp Production-other 127
(G. gallus 5.0)2 B% A w3t 44 A =2 A3t} ¢ Health (586) Disease susceptibility 519
£o], 20043 533 ¥ International Chicken Polymorphism Health-other 67
Map Consortium= 53l WA 182 B2y, 47] FF Exterior (187) Blood parameters 187
o] Hol& F-X3te] 2807119 T 7|tF8(single nucleotide Pigmentation 0
. 2 FHFA o = G 0 ==z ) )
polymorphism) & SHESIHH, 2 2A= G. gallus 5.0 3 Physiology (201) Behavior 139
el dulo|ER thekat x| A et 2130809 2
Conformati 30
Z#o]2 NCBI®| dbSNPel|A] Z-53}ar 1Thhttp:/www.ncbi. onformation
nlm.nih.gov/snp). ©]ZA] EHHE FHA A= B} =& Total 5,462
F4e] Wo] Ari ge] B4z BAY 99 FAA4S P
02 Ees E 4 S A4S g & Ak tE FEel vjol B T2 17kl Hlol W] ekt &
Animal QTL HlojElmlo] 2ol 71%e] §88 B2o] o] 9l Wk 2 /)90 AL B 5 2l 589 vlole
S T fA% 2 99 o} 9% Bsdel Y QIL mdo] E1e 7hEe]7] w &
A

do] =
(Quantitative Trait Loci) JXS FF3tal A Thhttp:/www. Ao gt &l Aol AL FHAZ 7EA 3 U tKGiles
animalgenome.org/cgi-bin/QTLdb/index). ©] FolA H2 & t al., 2010; Pollock and Orosz, 2002; Song and Han, 2011).
33670 A F=ol| gk 5462719 QTL B RS Ff-ata 9
om, o3t PAo JHE|ael= A A%, oF, e 2. 7152 Miky el ol Ad Mo REIZM Hel 2E

(3
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3L 9AtK(Table 1). MA] QTL 4 H.2] 82%= A4t 2 ddd 77F S, At A A7) 7F w27] wjel] Sl o
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Chicken Genome Sequencing Consortium, 2004; Stern, 2004).

Online Mendelian Inheritance in Animals(OMIA)l| = TF
I3t =2 FA 9 A g Mendelian F-4 B E 2
ARl o1z Ay rde 3t A4} AHES L5l
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ot 18y FAES FEAHAE F 16712 1=, ©]

= 580709] =2 7]15S Sl SRJAAUTE o] FollM H 5
A7 = ATt Sge] gt FASL YA ST(Tri-

methylaminuria), 577 3} (Scleroderma), A] 27| (Retinal
degeneration), -8l @(restrict ovulator), T}X|Z(Polydactyly),
ZHA (Epilepsy), dA o] 5 37H(Dwarfism), W15 (Vitiligo), &
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Table 2. The potential chicken models for human diseases in OMIA database

Phenotype Possible human homologue Menc.iehan Other livestock Associated Reference
trait/disorder gene
Achondroplasia 112500, 607778 yes - IHH 29
Al : 104000, 104100, 104110, 104130, 147770, Cattle. sh |
opecia 203600, 203650, 203655 yes & steep
105120, 105150, 105200, 105210, 105250,
Amyloidosis 137440, 176300, 191900, 204850, 204870, unknown  Goat, duck, Japanese quail - 2
204900, 254500, 301220
Amyloidosis, AA 134610 unknown  Sheep, goat, pig, cattle - 3
Analphalipoproteinaemia 205400 yes - ABCAL1 6
Ascites 208300 unknown  Turkey, cattle - 103
Autoimmune thyroiditis 140300 unknown - - 26
Cerebellar hypoplasia 213000, 213002, 300240 unknown  Pig, cattle - 1
Turkey, J il
Chondrodystrophy 156530 unknown e JAPANESE quar, - 5
cattle, pig
106250, 106260, 114300, 119300, 119500,
119530, 119540, 119550, 119570, 119580,
120433, 129400, 129810, 129830, 129900,
164220, 179400, 181180, 201180, 216100, .
Cleft palate 216300, 218090, 225000, 231060, 241850,  “mknown  Cattle, horse, pig, sheep ; 2
242840, 244300, 255995, 258320, 260150,
261800, 268300, 277170, 301815, 303400,
600331, 600460
120200, 120300, 120330, 120400, 120430,
Coloboma 120433, 216800, 216820, 243910 yes  Cattle, horse - 3
Cyclopia 236100 unknown  Pig, cattle, horse, sheep - 1
. . 125700, 125800, 221995, 125800, 222300, .
Diabetes insipidus 304800, 304900 yes Horse, Japanese quail - 3
Dwarfism, crooked neck 180901, 180902, 180903 yes Japanese quail - 7
Dwarfism, sex-linked 262500 yes - SPP2 99
Ectodermal dysplasia 305100 unknown - - 1
106900, 106990, 113310, 119100, 129810,
Ectrodactyly 129830, 129900, 183600, 225280, 225290, yes Cattle, sheep - 2
225300, 228250, 600460
104130, 117100, 121200, 121201, 125370,
132090, 132100, 132300, 159600, 182610,
203600, 208700, 220300, 226750, 226800,
Epilepsy 226810, 226850, 254770, 254780, 254800, yes Cattle, horse LOC430486 12
266270, 267740, 270805, 301900, 310370,
545000, 600131, 600143, 600512, 600513,
600669, 601068, 601085
Feather colour, albinism 203100 yes - TYR 9
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Mendelian

Associated

Phenotype Possible human homologue trait/disorder Other livestock gene Reference
Feather colour, albinism, .
’ 4 1, turk LC4 1
sex-linked, imperfect 60657 yes Japanese quail, turkey SLC45A2 7
Feather colour,
extended black 266300 yes - MCIR 11
Feather colour, lavender 609227 yes Japanese quail, MLPH 4
muscovey duck
Frizzle 612318 yes - KRT75 23
Goitre, familial 274700 unknown Cattle, goat, sheep, pig - 1
Henny feathering 107910 yes - CYP19A1 28
Hyperlipidaemia 143890 unknown Horse, Japanese quail, pig - 5
Hypothyroidism 274500 unknown  Goat, sheep, horse - 1
Micromelia 156830, 251230, 251450, 601096 yes Duck, Japanese quail - 2
Muscular dystrophy 310200 yes Sheep, turkey WWP1 27
Osteochondrosis 181440, 188700, 259200 unknown Horse, sheep, pig, cattle - 1
Cattle, pig, turkey, goat,

Polydactyly 174500 yes horse, sheep SHH 32
Polyuria 239350 unknown - - 2
Protoporphyria 177000 yes Cattle - 2
Restricted ovulator 192977 yes - VLDLR 26
Retinal degeneration I 204000 yes - GC1 19
Ribosomal
RNA deficiency 180450, 180451, 180452, 180453, 180454 yes - - 8
Scleroderma 181750 unknown - - 10
Scoliosis 181800, 182210 unknown  Horse - 2
Shaker 190200, 190300, 190310, 312080, 606002 yes - - 1
Skin/shank BCO2

611740 - 9
colour, yellow yes (BCDO2)
Spongiform 176640 nknown Pig, cattle, goat, she 5
encephalopathy " & » §0dl, Shecp
Syndactyly .

212 P ttle, she -
(mule foof) 780 unknown ig, cattle, sheep 3
Tremor 190200, 190300, 190310, 606002 unknown  Duck, pig - 1
Trimethylaminuria .

2 1 1 FM 14

(fishy taint) 602079 yes Cattle, Japanese quai 03
Ventricular 614429, 614431, 614432 unknown Horse, pig, cattle, sheep - 1
septal defect
Vitiligo 193200, 221350, 270750, 277465 unknown  Horse, cattle - 10
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Al Yehde ztelE gRlshr] fl8f gute] Heleh | &
9] GUCY1(Guanylate Cylase 1)& A3t &4, ©] &&
R GCI TR A3 null B2 3380
EAI7E sl dxA o Aozt B RdlEsE
2 QIZte] e E 3} Aol &85 31 UTh(Semple-Rowland
and Cheng, 1999; Semple-Rowland et al., 1998; Valdez et al.,
2013).

ol @h(restrict ovulator) -2 197010 DeKalb Agricul-
tural Research Z|AtO| A nx|d o] F3o] AW 47l d1
o] Gz A Rl HAHAT. o] 2 Ldnt H3 v

< 5 FulzEE 2 EgSHgel=
TS 7T AR, WA ZEzEE Aol ofstE
2FEI S} T Eo] Bl Al A FElE 7K e AS
Q154 THHo et al., 1974). ©] S Jones and Briles(1975)&
restricted ovulator(R/O)% ™3} 11, o] Q2lo] /A
Edo] fAoz MAE Aoz At o] 5 A3t
ole z GAA| VDLDR(Very Low Density Lipoprotein Re-
ceptor) FrRAAFA A EolE A EAwo] didoz Yehd A
o7 ZOl5ltHBujo et al., 1994; Elkin et al., 2012; Nanda
et al., 2000).

THA| S (Polydactyly) 278 7H4= o] de] 718t e
7hero] U= 71F o= QIZbE v &g |, F, 718 HF
TEOA &3] WHHE F14 A 718 Fo shdteltt
(Akhtar et al., 2013; Babbs et al., 2008; Clark et al., 2000;
Riddle et al., 1993). YrkA o7 wro 47]0] wriets 7}
3 A%, Beijing-You, Silkie, Jiningbari, Dorking, Houdan
T2 o B2 27teE A AL It (Warren, 1944). |21k
o] w2t AL sonic hedgehog(SSH) T2 wkaof o]
3l -, vjopdd oA Fulg ] o] gAlF
2 78S dAPATE Aer A JtHDorshorst et al.,
2010). g HIolle oSS AT dQle] v
o= o] RoA = Ao Ay, FEAHAEY XS
AHA &= S GWAS 5o o2 F35to] GGA24lA]
AR el FHAHAE ER1gH v ITHZhang et al., 2016).
7t (Epilepsy)2 F14 02 s = Ago] o= 5
z2hg doy)= Agto R 3t FEOA BT g

9 TH(Naquet and Batini, 2002). ©]Z 7] drtA]

= =
AL WA IR 1 Ale] 14 el 3l

°]

iy

>

o 4y ox

o7 RAetn YN, el Hd 299l Fayoumi & &
o] Fepi A= Rdl2 HRIvlo] &M AFE Pt A,
SV2A(Synaptic Vesicle Glycoprotein 2A) -FAAE TH G
A2 A 5317 = 3193 T Crawford, 1970; Douaud et al., 2011;

pa)

Pinto et al., 2005; Tauer et al., 2005).

FY o] F T (Dwarfism)= ¥ F71E growth hormone
receptor(GHR) F7Ate] &Aool o3 TAYE GHR 24
49 el A EAe], 24, FxRlo] Fo] BT I
T o #Adatn gl o] FolA 7 e
A= 107 3°UTR G Ateldl] #1x]F 1.7 Kbpe]
Aol FEt o2 BauEdrthAgarwal et al., 1994; Kni-
Zetovd, 2007; Tanaka et al., 1995). WAJo] Z=FFL Q17HS
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SOCS3(Suppressor Of Cytokine Signaling 3) -3 A= GHR
o] g Whol IA ] A A A 2dste Ao
2 813] B} QItKLin et al., 2012).
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