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Association of SNPs from iNOS and 7LR-4 Genes with Economic Trait in Chicken

Hee Kyong Lim', Jung-Min Han', Jac Don Oh!, Hak Kyo Lee!, Gwang Joo Jeon', Jun Heon Lec?, Dong Won Seo’,
Muhammad Cahyadi®, Ki Duk Song', Kang Duk Choi' and Hong Sik Kongl’*

!Genomic Informatics Center, Hankyong National University, Anseong 456-749, Korea

*Department of Animal Science and Biotechnology, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT iNOS (Inducible nitric oxide synthase) and TLR-4 (Toll-like Receptor-4) play crucial roles in innate immunity
of poultry. iNOS has been mapped to chicken chromosome 14 and implicated in a variety of chicken diseases. iINOS possesses
potent antimicrobial activity, including the inhibition of microbes replication in vitro. TLR-4 is a pathogen associated molecular-
pattern receptor for bacterial product, such as LPS (lipopolysaccharides) found in Gram negative bacteria, that triggers
pro-inflammatory cytokine expression after engagement with ligands. In the previous studies, genetic analysis of iNOS and
TLR-4 revealed the possible association of mutation in these genes with the intestinal microflora of cecum when infected with
Salmonella spp. This study was aimed to augment previous findings, which show the association of iNOS (C14513T) and
TLR-4 (G4409T) polymorphisms with economic traits in Korean Native Black (KNB), Rhode Island Red (RIR) and Cornish
chickens. Investigation in the effect of SNPs on economic traits (layday, layw, layno, bw150, bw270, layw270) was conducted.
iNOS (C14513T) had a significant effect on the average body weight at 270 days of age (p<0.05) in both KNB and RIR,
whereas TLR-4 (G4409T) showed no significant correlation with all traits (p>0.05). The results obtained from using the

candidate genes can be useful for the genetic improvement of

body weight in both KNB and RIR breeds.

(Key words : chicken, Korea Native Chicken, Cornish, Rhode Island Red, iNOS, TLR-4)
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(o174 5, 2011)

o] Wl Rkg-2 wlolelxs, HMAY WAE FORRE
ARle Bosly] 9)gh HPOMV#EH A gl whg o
71#o] FEEIFA o7 Agate] T4, FA, ¥, FrdollA

iNOS(inducible nitric oxide synthase) A= SollA 19
H GAalA| o] $x]3kar 91 2™, LPS(lipopolysaccharide), IFN-
y(interferon-gamma) Sl 23] 28 F=5°] nitric oxide
(NOYE A3, T3t iNOSe Ta 48 T d= 7FshA
Ajte o] nEFe] ZAgol2d s = &8t o] NOE A
A3t NOE AlxS g4 513 ¢
A WA w5 oheFet 28-S vk Fx27t dshe A
B/dola Hr1A e g FAdo|7] wZel 9 AlEE G4A &
Ao} 2hgetm, W7 doll A it o] HAREg-S Ao
& v EEA UTHAAEE 5, 2002). AR A
rq-‘ﬂroﬂzﬂ iNOSE LPS, IFN-y5°l ¢ NOE Idste] I

Rel fa, Aol <l Aol Fuk w Qg
‘?:xf, 24 A, 2t Soll tigh it ag, e7]5e] 24
FoJgttta B u ¥ o™, TLR-4(Toll-like Receptor 4) 77
A= TLRs®] 10714 & sht=M 2jRt=s QIA|sh Ale]
E?}O] T B 2H8-E2H(co-stimulatory molecule)®] 24

£ frEste] A HAnkga} A3 Abe|o] fe] 9

< 3tk TLR4%= % %*g o] LPSE {14 ato] o] 24,
H, thAAE FellA EAste] 7] ARkl Fofdh=
Aoz 4 Jom(EE 5, 2003), 5ol iNOS9} TLR4

FRARY Wolel] tigk Aol mEH intron Y G3954C

Al ®ole} vt W] WSyt Aol e BoRE g

] JthMalek et al., 2003; Tohidi et al., 2012)

wep & A7E Welvkgo] Bolsis NS flksl
TLR-4 737 49 We] elo] it A75 &l 2 #F
Hghs s, 2eoldd= HE 9 I4q) fd 54845

Jd= /\%2101 Il

o)

1. Al A=

A7 T4 Ame TN 7Tl A *}mr
21 FYUS 967, REolUME H= 965, S A EH 9
o] Hel g9 (F 3FF 288)= ©]&3kATh %Al%ﬁﬂ
HE2 wel GAFA AelA Hdste] EDTAZ; Z3He
= =R iﬂré}oﬂﬂ‘r T %ﬂ‘ﬂ.‘oﬂfﬂ gen0-

ik ik A= 370 S ste] o
TS Fakaa, 150987 27098 B2 2+ d# A JH
Al BRAE 23 ]

2. PCR-RFLP

SNP B41-S 913t primerS A 2135171 $18ke] NC_ 006106,
NC006104(NCBDE- zHz38to] 2242] primerE A2}l
(Table 1). PCR ¥Fg-1-2 template DNA 24 ng, 200 nM2]
dNTP, 25 pmole =2 Z+ 29| primer, 2.5 US| Tag
polymerase 2 10 mM Tris-HCI(pH 9.0), 50 mM KCI, 1.4
mM MgCl, 2 1% Triton X-100S ¥33t= 898 A %3}
9t} PCR 2% Z71& denaturation I} 94Tl A S&,

Table 1. Primer design for PCR-RFLP analysis of 2 candidate genes

Gene Sequence Product size (bp) Enzyme SNP!
F 5-CCAATAAAAGTAGAAGCGA-3'

iNOS 400 Alu-1 C14513T
R 5-GAGAGCAAGGATGTTTGAAAAGTAA-3'
F 5-GTGCTGCTCAGTGGGTGTAA-3'

TLR-4 676 Xba-1 G4409T

R 5-GGAGGAAGGCAATCATCAAA-3'

! Location was based on the sequence of the chicken iNOS and TLR-4 genes from GenBank accession no. NC_006106, NC006104, respectively.
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94°Coll A 30%, annealing =& FAAPE 24 2 &
TollA 30%, 72°ColA 40% 7t S 7o) @ 30~
35 cycle 78 &, 72CE # ¥ extention = F-4A 5=
< v siitt. $EE fAxke] Bl 1.5% FEe] o}
7t22 A A7 S At S35 o1x] PCR 4HE 2
uLoll 1 Ue] AEEAGNOS : Alul, TLR-4 : Xbal), 10x A| g}
FAHT 1 LE UK & SRTE HUkl F 10 lL=
TEATE 7 Algaae] Hes H4 25370)00A vk
e =9} ATt R WAl H 1.5% FE9] oPfE=
AA A7 EE AAs FHARE 2A AT

3. EAIEN

iNOS}F TLR-4°] FAA 8 ZA] 4 1he] Add&
A1817] 918ke] SAS 9.1(SAS. USA)Z & 1S Edlo] &
< AAIBIATE WA FFA FHF e adtol sl
frola S Bolo] Hzt Zpolo gt foAde] BAE
A REge tg P

o)

N
oz Mo

Yiju=1rtBreed;+G+ejj

237 B oA,

Y= hdgd 2o gt B33

p=odg Aol A Ht

Breed; = %R i=2EoldANE H=, I, A
G; = 2% (Genotype)©] &2

7 FFURT Afs, 2uoklAs o=, m4) 24
a3 GG AT BAS 98] AgHol mge

Y

1}

M

1. RENY REKE 2
FYH 967, 2oldME H= 9657, S Al E 965

2 o2 iNOSSF TLR-4 A7} U] Wo] x| o] |3t &

€14513T

l
5’UTRI Ex1 H Ex 2 H/—lExZ4HEszHEx26 HEx27I3,' UTR

(A) iNOS

S UTR | Ex1 |—] ex2 |— Ex 3

(B) TLR-4

G4409T

| 3 utr

Fig. 1. SNP map of Chicken iNOS and TLR-4 genes. The coding
exon is marked by white block, 5’ and 3 UTRs by Gray.

AR & AR ATk iNOS A A2 Sl AlgEa
AlulS ] -&315 o1, TLR-4 A A= G4409T A 2] Wo]
2 golshr] 9lste] ATEL XbalZ ©]- &3k INOS
Z2A2ke] C14513T A|H9 9] ZRIE FHAE S TT, TC 132

M T CC TC

1500 bp
1000bp
500bp 400 bp
227bp
100bp
(A) iNOS
M GT GG
1500 bp
TP 676 bp
WiHR 477bp
200bp

(B) TLR-4

Fig. 2. SNP variation in iNOS and TLR-4 gene visualized by
1.5% agarose gel. (A) agarose gel displaying a Alul res-
triction digest on an amplified portion of Chicken iNOS
gene. M : 100 bp ladder ; TT : 400 bp ; CC : 227 bp
and 173 bp; TC : 400 bp, 227 bp and 173 bp. (B)
agarose gel displaying a Xbal restriction digest on an
amplified portion of Chicken 7LR-4 gene. M : 100 bp
ladder ; GT : 676 bp, 477 bp and 209 bp; GG : 676 bp.
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cc¥eldtt Algtais Adudt 3143 F 1T 443
< 400 bp stte] TS HFSI o, CC A2 227
bpet 173 bp F 7He] @, TC 843 L 400 bp, 227 bp
Z2]aL 173 bpe] 3702 @H S HA3 Aoz 3lE
TLR-4 A2+S] G4409T A 9] FAAE S GG} GTE &
xR o, GG FHAE L 676 bp 3ol ©HS HG3)
AL, GT FAAE L 676 bp, 477 bp ZLE] 1L 209 bpe] T
o] gI=UTKFig. 2).

Al 2 A3 C14513TGNOS) A 9e] zhzte] Z53
FAAY EdAN=s ZYSF FolA 0.427(TT), 0.281(TC),
0.292(CC), B=old:M= = A 0.191(TT), 0.383(TC),
0.426(CC), g+ A=l A 0.073(TT), 0.344(TC), 0.583(CC)
2 FRIFATE HA St tig ¥lxE= 0.231(TT), 0.281
(TC), 0.433(CC)2.2 31 THTable 2).

Xbal©.2 2] 8t G4409T(TLR-4) A9 FU 4 Fol|A]
0.611(GG), 0.381(GT), Z=cld A= F oA 0.469(GG),
0.531(GT), g= AN 0.573(GG), 0.427(GT)= =<
Hom, A St gt ¥lE=E 0.551(GG), 0.449(GT)=

¢

(3

Ao

Table 2. Genotype frequencies at loci in iNOS and TLR-4 genes

iNOS(C14513T) TLR-4(G44097)

Breed
TT TC cC GG GT
Cornish 0427 0.281 0.292 0.611 0.381

Rhode Island Red 0.191 0383  0.426 0.469  0.531

Korea Native

Chicken 0.073 0.344 0.583 0.573  0.427

Total 0.231 0336 0433 0.551  0.449

7 5. 5r9] iNOSSh TLR-4 A 1] ®lo] A7 A 84 7he] AnA

S|
ol

M

1= AT Table 2).

2. 8A| Fol| chet Azt 24
Table 3= & A+l &8¢
?‘ﬂﬂ(f\l”%li’:‘, Alrhd, Akeh
FA, 27045 &)l it
Xd_xﬂ TAIES shtel B4
s uHs) 2k AA FZel gt {FHAAWNOS, TLR-4) W
o] &35 EAI5to] Table 40 AAIBIATE A FHollA
iNOSS} TLR-4 87 2] Wols} A & 7te] AL
=4 23, A AW (p<0.05)E AEEA] L3irh

Table 3. Mean and standard deviation of each economic traits
in three populations

Rhode Island Korea Native

Trait Cornish

Red Chicken
layday 163.56 £ 12.12 15423 £22.05 163.24+11.94
layw 41.4+831 4043 +4.78 40.65 £ 6.07
bwl150 294.8 +£28.68 150.7+20.82  165.28 +23.11
bw270 382.65 +38.6 188.41 £19.49 195.4+£26.88
layw270 58.5+4.48 55.25+8.37 52.71+£3.74
layno 39.62 +10.61 339+21.79 43.75+12.08

layday: Age of first egg, layw: Egg weight at first, layno: The
number of eggs laid, BW150: Body weight at 150 days of age,
BW270: Body weight at 270 days of age, layw270: Egg weight
at 270 days of age.

Table 4. Effect of the polymorphism in the chicken iNOS and TLR-4 genes on the economic traits in the population

iNOS(C14513T) TLR-4(GA4409T)
Traits
TT TC cC GG GT
layday 161.73 +2.575 159.59 +1.949 160.36 + 1.632 160.16 = 1.510 160.71 +1.629
layw 41.26 +1.259 40.61 +0.953 40.84 £0.798 40.71 +0.736 41.07+£0.794
layno 37.56 +2.462 38.91+1.863 40.31 +1.560 38.36 + 1.455 39.85 +1.569
bwl150 204.07 +4.179 207.57+£3.362 200.05 +2.788 204.60 +2.574 202.57£2.817
bw270 255.34 +5.260 256.43 £4.232 254.58 +3.509 254.58 +3.197 256.89 £3.500
layw270 54.40 +0.861 55.99+0.713 55.69 +0.645 55.75+0.578 55.12+0.646

layday: Age of first egg, layw: Egg weight at first, layno: The number of eggs laid, BW150: Body weight at 150 days of age, BW270:

Body weight at 270 days of age, layw270: Egg weight at 270 days of age.
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3. 2 E3Y =70l ohist ozt 24 I (p>0.05)= VFER}A] 2SkTH Table 6).
3 FF(EUA, REoKAE A=, A= Alehel e Aol A= iNOSIIA ZEotdilE Hl=s} wpzkrhA]
FRAAE T A FAe] AR E4E stk 24 227087 FFAA freH Q1 AaA(p<0.05)0] ZRlE]
I

7 FolA iNOSSF TLR-4 A2 A Fd e AvA
= A A7 fFo4Q0 A
T(Table 5).
2roldd= =9 Zfole iNOSe FEAR A
27097 FFAS AEste] Fo924Q A (p<0.05)°] &
A=Atk 270483 BEAE CC A3 0] 192.43 +4.640,
TC A28 0] 188.46+5.148, TT -3 ©] 168.00 +9.280
o7 IIFglen, CCE A el 2704% A7t
7P FAE Ao e, TT f8438S Bad
o] zol7}b Fe A (p<0.05)2 Aoz BRI TLR-49]
Az o] 2t FAof| nX= EoE B4 A7, g
PAoA Z Aol E HolA] gkrom, ot Fo491 A

Ao}, TT 42+ (224.50 + 10.56)°] TC F+22+3(193.26
+£5398)F CC F-4A3(192.94 +3.625)] Bl X =&
2o 2 UEIEtth TLR-4°] A3 734 &4 ko] A+
4 BN Aol FoAd A3 (p>0.05)0] I
&S)THTable 7).

=

L.
iINOS #274h= etel 199 Aol g1x]skaL 9lem, A
179 FAA|, A= 128 G|, 2 199 G o
%i]sm ATk INOS ke g B, 2 2
Sl <Jal NOE Aatshs Fdateleh. A ZoA F2

Table 5. Effect of the polymorphism (chicken iNOS and TLR-4 genes) on the economic traits in Cornish chickens

iNOS(C14513T) TLR-4(G4409T)
Traits
TT TC cC GG GT
layday 162.83 +2.241 164.00 +2.745 164.13 +£2.505 163.17+1.874 164.58 £2.181
layw 41.43+£1.530 40.15+1.874 4242+1.710 41.29+1.288 41.87+1.499
layno 38.50 +1.955 39.60 +2.394 41.04 +£2.186 39.81+1.646 39.00+1.917
bwl150 294.74 +4.794 303.48 +6.189 287.60 +5.672 293.49 +4.206 297.33 £5.020
bw270 379.91 +6.587 387.71 +8.504 38224 +7.794 377.62+5.594 390.85 +6.676
layw270 57.61 +0.848 59.37 +1.029 58.87+0.935 58.65+0.719 58.28 +£0.844

layday: Age of first egg, layw: Egg weight at first, layno: The number of eggs laid, BW150: Body weight at 150 days of age, BW270:
Body weight at 270 days of age, layw270: Egg weight at 270 days of age.

Table 6. Effect of the polymorphisms (chicken iNOS and TLR-4 genes) on the economic traits in Rhode Island Red chickens

iNOS(C14513T) TLR-4(G4409T)
Traits
TT TC CcC GG GT
layday 171.67 +12.871 149.50 + 6.436 154.71 £5.958 157.50 + 5.940 151.37 £5.556
layw 41.33+2.876 41.17 +1.438 39.71 +1.331 41.36 +1.279 39.63+1.196
layno 38.33+2.976 36.75 +6.488 32.00 +6.007 34.29+5.927 33.56 +5.545
bwl150 138.50 +10.194 152.85+5.655 149.88 +5.097 150.94 +5.287 150.50 +4.985
bw270 168.00 + 9.280" 188.46 + 5.148% 192.43 + 4.640° 188.94 +4.947 187.94 + 4.664
layw270 54.00 +4.682 55.60 +3.626 55.75 +£4.055 57.86£2.629 51.60+3.111

layday: Age of first egg, layw: Egg weight at first, layno: The number of eggs laid, BW150: Body weight at 150 days of age, BW270:
Body weight at 270 days of age, layw270: Egg weight at 270 days of age.
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Table 7. Effect of the polymorphisms (chicken iNOS and TLR-4 genes) on the economic traits in Korea Native chickens

) iNOS(C14513T) TLR-4(G4409T)
Traits
TT TC CcC GG GT
layday 165.80 + 5.400 163.48 +2.518 162.88 +1.691 162.26 +1.764 164.61 +2.082
layw 42.60+2.741 40.83 +1.278 40.39 +0.858 40.26 +0.899 41.21+1.061
layno 37.40£5.372 41.65+2.505 4533 +1.682 41.89+1.763 46.36 +£2.082
bwl150 177.00 +£9.441 166.43 +4.822 163.39 +3.238 168.83 +3.335 160.24 +3.981
bw270 224.50 + 10.569° 193.26 + 5.398° 192.94 +3.625° 198.36 +3.912 191.18 +4.669
layw270 51.75+1.892 52.91+0.789 52.69 +0.540 52.70 +0.568 52.72 +0.666

layday: Age of first egg, layw: Egg weight at first, layno: The number of eggs laid, BW150: Body weight at 150 days of age, BW270:
Body weight at 270 days of age, layw270: Egg weight at 270 days of age.

Ha Al A9, 95 ARlETRICIY LPS 59 AlX
o] NO9| Arto] F7tElolXI). Z+g &
Agtete] n|Fe] Zg o] 2= 243}
o] FEob= AHglel iNOSTE EA)
sh= & NOZH A|&4 o &2 A ETh iNOSe| @7de] A2t
W EA7} glold wi7kA] Y] NOE A/dstr] wiiel o]
Aty Iistopdsiedolgls Akt e] ek EAE
*M? it o] ol A AE HAakst A7 AV Al Tl o]
Z} 75 WSAA darzhgouh A atg s
ﬂc}(Malek et al., 2003; AAd= E, 2002).
TLR-4 #3A= 9 17TH 4
A= 19 FAA, o= 8H A fAA]Skar Uk TLR-4
= 23] M EZE FEA] Tolle] “HEA1<l toll-like recep-
tors(TLRs)7} humanoi|A] #ZE ] om, A W 3P o A
e gk Al ERHEel] Fojgith. AA] TLRsw= 107F4] 9
family S 7= AR d#iA] 1o, 11 F TLR-4+= 49
T WA E T A 7EA] Al Ee A T
& o] :j_FJ- 2A72] LPSY whe-dlo] D:]Oﬂﬂ]-_cl.oﬂ rﬂ/\ﬂ
ol Aoz By rhMalek et al., 2003; 24 5, 2003).
Tohidi et al.(2012)2 544} tFdAd o] up2 Ardal 7]
Al 7ol A T Wstol dig A+ Az, iNOS(C14513T)
°} TLR-4(G4409T) frAte] ¥olel o 4] Avd & vE}
Wi 8-S Haugk vk ok iNoS 5322 C14513T A9
L 24 A intron A|Hel] EAta o™, TLR-4 F-4A}2]
G4409T 2192 3 exon Aol Yx|3kaL Tt G4409TA]
gL Holo|| oJ&] ofn|w=Al I W3S = non-sysnony-
mous®Z FoJol| 23} Arginineoll4] Leucine 22 v A H T}
Gao et al.(2011)9] H 1o wt2™ =] 19 A9 9
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iNOS(inducible nitric oxide synthase)®} TLR-4(toll-like
receptor 4) FAAME BE AEo] WS dag J4
FARZ dEA U} iNOSE FollA 19 Ao 93]
sta 2low, NOE WY7|#oA Aike]o] Hdgnkg-S o
o7 AR I#A Jowm, TLR-4= TLRs(toll-like recep-
tors) & PR deiA S, 18 SATE] LPSS Q128
Z7] WAkl FHoste Aor A AUk o]59
AR o)z Adrdeptd A=A of W] G 7%
o 9 F= AR dEA vk & AF= iNOS9] intron
24 49 W C14513T9} TLR-42] exon 3 ¥ W G4409T ¥
o] A1 E GO R 3FF(T= A, TYH, ZeofdAl
= #E)g o &dtd FHAE S ERlsta, AA A e
AT BAS AAEIT B4 Ay iNoSe] 'o] A9
(C145137)2 3= A Zroldails d=FollA 270
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